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Abstract 
 

The main objective of the current study was to examine the trends and current status of 

lightweight design, optimization, and bionics in industrial applications. The goal was 

to explore the suitable innovations used by industrial companies to ensure improved 

product performance and low costs of manufacturing. To achieve the goal, a secondary 

research methodology was employed in which seven studies on the topics of 

optimization, bionics, and lightweight designs were sampled and analyzed. A key result 

noted was that lightweight design is achieved through the use of magnesium alloys, 

aluminum alloys, and non-metallic materials such as carbon fiber-reinforced polymer. 

To optimize performance of the lightweight materials, computer technologies such as 

computer-assisted designs (CAD) are being used to ensure that the best shapes of the 

materials are utilized to offer the best performance. Meanwhile, bionics was employed 

by creating product designs which are inspired by nature such as meshless structures 

that minimize energy consumption, are cheaper, and are environmentally friendly.  
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1-Introduction 
 

1.1 Background 

The underlying idea of lightweight design is to create structures with minimum 

weight, but which meet crucial reliability and life requirements. It is important to note 

that the focus during material research is not merely reducing weight of a structure but 

seeking to improve rigidity, efficiency, and performance of machine parts which 

ultimately points to selecting light-weight materials (Wang et al., 2019). Usage of 

lightweight components in manufacturing, for example, allows faster robot movement, 

longer lifespan of equipment, and higher precision. In this respect, it becomes more 

economical to manufacture a particular product (Wang et al., 2019). According to 

Wang et al. (2019), of car chassis can reduce carbon replacing 2kg of steel with 1 kg 

of aluminum during manufacturing emission by 12 g/km and reduce fuel consumption 

by 0.51L/100km.  The lightweight concept covers many disciplines including materials 

science, computational technology, material mechanics, and manufacturing 

technology.  

Meanwhile, Lippert and Lachmayer (2016, p.331) define bionics as “a science 

to plan and to design a system which exhibits characteristic properties of biological 

systems”. In this regard, bionics analyses how sciences get inspired by animals and 

plants in nature and strive to make a replica in technical designs. Structural bionics has 

been employed by different researchers in the past to spearhead innovation and ensure 

sustainable development. Markus et al. (2006) examined the structure and design of 

plant stem and developed a corresponding technical stem that had low weight 

properties. Similarly, early stages of aircraft designs developed in 1473 were based on 

imitations of bird’s biological structure, which enables them to fly (Lippert and 

Lachmayer, 2016). According to Zhao et al. (2010), the use of bionics extends beyond 

looking at the macro property of biological load-bearing structures but rather 

examining their mechanical capabilities at meso and micro-scale. For instance, the 
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structure of the bamboo stem that gives it rigidity and hardness when examined under 

different scales is shown in figure 1.1. 

 

 
Figure 1.1: Bamboo structure under different scales (Zhao et al., 2010) 

 

The microscale of bamboo shown in figure 1.1 can be instrumental in 

nanotechnology development when creating materials to function for rigidity. The 

integration of lightweight concept and bionics is summarized as shown in figure 1.2.  

 

 
Figure 1.2: Integration of bionics and lightweight concepts (Zhao et al., 2010). 
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From figure 1.2, it is noted that while developing lightweight structures may 

be the technical objective, and the solutions are based on biological inspiration in 

which the main consideration is maximum efficiency at minimum resources. The 

problem in trying to use lightweight is understanding how well they can work under 

different conditions including the loading they can support. In this regard, 

optimization techniques are often used to develop the geometric and layout of 

lightweight structures in a manner that can ensure they operate in an optimal manner. 

Some of the optimization approaches used include mathematical programming 

involving linear and non-linear equations as well as heuristic algorithms such as 

neural network algorithm and fruit fly algorithm (Li et al., 2017).  

Advancements in engineering have also led to Evolutionary Light Structure 

Engineering (ELiSE) which uses a systemized approach to in designing for lightweight 

optimization. The method applies multi-functional lightweight structures from nature 

to achieve up to 50% in weight savings. Bionic designs also apply biomimicry that 

looks at nature’s solutions in achieving lightweight engineering designs. Biomimicry 

adopts biological models to improve aerodynamics, water-shedding coatings, and 

several other engineering designs. The idea of bionic design refers to the science of 

planning and system design which exhibit properties of biological systems. The design 

represents several possibilities. In bionics, it is important that an understanding of the 

knowledge and processes about the specific design. In adopting bionics design, 

standardized 3D geometrics are modeled and used as demonstrators. The models assist 

not only in adopting the design but also understanding the working of the model.  Thus, 

bionics is a field of interdisciplinary design that draws inspiration from nature in getting 

solutions for engineering problems. In lightweight structural design, bionics are applied 

to generate products that mimic biological systems, environmentally sustainable and 

visually pleasing. The method provides innovative alternatives derived from nature 

with both mechanical solution and aesthetic range.  

In lightweight design, the goal is to minimize structural weight under a given 

boundary condition. The key to the field of engineering is to come up with new 

materials with mechanical properties that portend superior application ability. 

Lightweight structures comprehensively analyze the overall physical layout of 

individual structural parameters. Lightweight design by applying bionics is conducive 

in materials savings and environmental protection. Structural mechanical bionics 

mainly imitate special abilities of organisms in nature and extract configurations that 

leads to materials savings and structural enhancements. For instance, Zhao et al., 2010 

carried out a study of porous structures including pork bones, porous chicken eggshells 
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structure, and lotus seeds. From the distribution of pores geometry and size, the 

researcher came up with optimal porous bearing designs that constitute materials 

design. The design can be applied in the field of mechanical and material design for 

optimal design. Zhao et al., 2010 carried out a summary of high-efficiency and light 

biological structures that could be applied in bionic design of tools with high-speeds. 

A design by Chonggao (2008) also introduced machines with the lowest resistance in 

cutting based on geometry and the biomechanical functions of claw toes, animal teeth, 

and body surface. The aircraft fuselage also draws its design from the dragonfly 

membrane fin (Wang, Hu and Yang, 2019). Additionally, wind turbine blades were 

also designed from the distribution characteristics of leaf blade vein distribution as well 

as the leaf mechanical properties. The exhaust manifold was equally designed from the 

similarity that exists between the human respiratory system and the intake-and-exhaust 

system. 

As such, several mechanical machines draw their characteristics from the 

similarities that exist between various biological systems and their workings.  In 

lightweight designs, optimal functions can be achieved by observing several 

biomechanical workings and coming up with the most efficient designs from the 

observations made. System learning can be done by carrying out simulations of the 

existing systems to better understand biomechanical working for system factoring. 

Practicality and precisions are the key components for optimization in lightweight 

design and bionics since structural reliability is an important indicator of modern 

structural design that is of key concern for design engineers.  

 

1.2 Aim of Study 

The main of the current study is to explore the current status of bionics, 

optimization, and lightweight design in the industrial sector that promotes sustainable 

development. The paper analyses the progress made in the three main areas of 

lightweight, bionics, and optimization particularly in engineering applications. In this 

regard, some of the research questions addressed in the study include:  

1. What engineering advancements have been made in lightweight science? 

2. What are innovations that have highlighted the field of bionics? 

3. What are the modern techniques of optimization in manufacturing? 

The scope of this thesis is covered in six main chapters including introduction, 

methodology, theory, results, conclusion, and critical review.  
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1.2.1 Problem Definition 

Existing studies have mainly analyzed lightweight design structures or bionic 

inspired structured (Ma et al., 2009). However, few studies have examined the 

combination of lightweight structures and optimization (Chen 2013). Even fewer 

studies have considered the integration of bionics, lightweight, and optimization. As 

such, carrying out the current study is crucial in expanding literature on the study topic.  

1.3 Limitations 

A key limitation expected from the current research is that it will employ a 

secondary methodology approach which means that first-hand data on experiences of 

industrial workers will not be gathered and analyzed. The other limitation expected 

from the current study is that consideration of studies only published in English can 

limit the ability to gain extensive insight on the topic due to the exclusion of 

publications in other languages. Furthermore, due to travel restrictions caused by 

COVID-19, conducting primary research was not possible in this study. 

1.4 Individual Responsibility and Efforts during Project 

The current study was only done by one person and no other person was 

involved.  

1.5 Study Environment 

The current study was done by the researcher in accordance with University 

requirements. The researcher did not partner with any research group since no primary 

data was needed in the dissertation. Instead, a secondary research approach was utilized 

implying that the primary sources of data were journals and reports. 
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2- Methodology 

 

In this section, the methodology used to complete the current study is presented. 

The main topics covered in this chapter include alternative methods, chosen 

methodology for this project, preparations, and data collection.  

 

2.1 Alternative Methods  

Typically, there are two main types of research methods including primary and 

secondary research. The primary method involves conducting surveys and interviews 

among individuals to gain in-depth insight into a research topic (Hennink et al., 2020). 

Surveys entail providing participants with closed-ended questions so that trends in 

responses can be summarized and plotted. Surveys are carried through online or 

physical questionnaires that are distributed to the respondents who fill them and return 

them to the researcher.  On the other hand, interviews entails allowing respondents to 

give their opinions regarding the research topic to understand the unique trends. 

Interviews are usually carried via telephone calls or face-to-face in an attempt to probe 

the views of the respondents as concerns the research topic. For the current research, 

using primary research would have helped to interact with individuals in manufacturing 

to get a better understanding of how they utilize bionics, optimization, and lightweight 

designs. Under normal conditions, the researcher would have visited sampled 

companies and sampled employees for interviews. Although conducting surveys online 

was a viable option by the respondents, accessing individuals with the required 

knowledge and skills was deemed difficult to access online.  

2.2 Chosen Methodology for This Project 

For the current study, a secondary research method will be employed to achieve 

the research objectives. Typically, secondary research involves using existing data 

from published reports and journals to address a research question. A major benefit of 

secondary research is that it is convenient to carry out since it does not need traveling 

and meeting with participants (Bell et al., 2018).  Also, the data collection process is 

simple since all the data can be downloaded online. At the same time, secondary 

research is cheap to carry out due to the availability of data. Thus, the research method 

adopted lead to significant savings in resources and time since the data collection 

process was simplified the method also made it possible to compare the views of 

several other researchers which improved richness in the research. However, the 

technique requires the researcher to have excellent analytical skills to ensure distinct 

patterns in different studies are obtained. Additionally, it is difficult for a researcher to 
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validate the information provided in the secondary sources. Secondary research also 

limits the range of data that can be collected thus reducing the result’s reliability.  

 

2.3 Preparations and Data Collection  

The preparation of the data collection process began by selecting studies for 

review based on certain inclusion and exclusion criteria. A key inclusion criterion was 

that the materials chosen should have been published within the past ten years from 

2010 – 2020. The goal was to ensure that only relevant trends concerning the research 

topic are used to make a conclusion. The other inclusion criteria were that the article 

should be credible and hence, published in reputable journals or reports. Additionally, 

the studies chosen were to examine key concepts in the research topic, including 

bionics, optimization, and lightweight design, to ensure relevance to the current study. 

A key exclusion criterion will involve eliminating studies which are not published in 

English. The studies selected will be evaluated based on PRISMA chart and used to 

choose studies to include and exclude. A thorough selection process for the studies is 

critical for ensuring that only high-quality material is used in the data analysis to 

examine the research topic. After deciding on the studies to employ in the review, the 

data collection process was done by comparing different research papers to understand 

the underlying factors influencing trends noted. The findings for each study will be 

reviewed in detail and major aspects noted and underlined. Also, the data collected will 

be discussed in different themes that address the set objectives in chapter one. Data 

collection will mainly focus on the themes that are aimed at understanding the bionics 

and lightweight optimal. Observations made from the studies analyzed will be grouped 

to assist with easy analysis. 

2.4 Data Analysis 

Data analysis categorizes the collected data into themes and sub-themes to 

facilitate easy comparisons (Houghton et al., 2015). Data analysis also helps in 

reducing the volume and complexity of the collected data (Palinkas et al., 2015). Thus, 

data analysis is important in identifying a pattern in gathered data. Data analysis was 

done by initially grouping the data collected into various themes and observing trends 

in each theme. The trends were then compared with results obtained in other studies to 

come up with a conclusion about the observed trend. Data analysis assisted in gaining 

a deeper understanding of the research topic from the data collected. Data analysis was 

also a critical part of this study since it assisted in gaining a deeper insight into the 

similarities that exist between the observations made from the studies selected and 

those of other researchers. 
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Figure 2.1: PRISMA flow chart summary showing a selection of studies 
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3- Theory 

 

PART 1: Summary of Literature Study and State of the Art 

 

In this section, the main focus entails analyzing major innovations associated 

with lightweight, optimization, and bionics in industrial applications. Also, the benefits 

and challenges associated with the three concepts are explained in detail. The current 

chapter primarily involves results from a literature review to understand the various 

trends associated with bionics, optimization, and lightweight design. At the same time, 

literature review acts as a frame of reference where the obtained results from qualitative 

analysis can be compared. The literature review was done by first sampling 102 articles 

and reviewing them to check the most appropriate ones which resonate with the topic 

of the current study. After applying different inclusion and exclusion criteria such as 

only considering articles published within the last ten years, a total of 30 articles and 

books were employed in this review.  

3.1 Lightweight Designs 

Lightweight design is a technology that is associated with reducing the weight 

of the components used in manufacturing parts. The concept of making materials and 

structures lighter is motivated by the desire for sustainability in the field of production 

while meeting the economic changes. In this regard, the innovations, benefits and 

associated challenges of lightweight designs are discussed.  

3.1.1 Innovations in Lightweight Designs in Industries  

The quest for cost-efficient lightweight design has pushed industries to seek 

alternative ways of production, which reduced the inherent complexities. One of the 

innovations in place is the Laser Additive Manufacturing (LAM) in which laser beams 

are engaged in the design process through specific guidelines. Essentially, LAM 

permits a fast and flexible manufacturing process for parts that meet the demand size 

and production schedules. In this regard, Emmelmann et al. (2011b) studied the process 

of LAM for the manufacturing of lightweight parts for the aircraft industry. The 

innovation o LAM for the aviation sector was stimulated by the need to save fuel costs 

and enhance airline revenues. Emmelmann et al. (2011b) pointed out that the LAM 

production process consists of a number of steps. Firstly, there is a 3D-CAD-model, 

which is a preprocessing stage where the perceived structure is visualized. Next, the 

model is made into horizontal slices in the slicing chamber. Typically, the thickness of 

the layers is between 30µm and 50 µm. The slices are then transmitted to three-process 

manufacturing. The first of the steps involve the application of a powder layer to the 

base plate followed by a second step whereby the layer is exposed to a laser beam. The 
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beam melts the powder, which after exposure solidifies into welding beads. The third 

step involves changing the positions of the slices so that each can be powered and 

exposed to the laser beam. Upon completion of all the layers, the required plates are 

then extracted. According to Emmelmann et al. (2011b) the steps of LAM reduces the 

complexity of the production process from three-dimensional geometries to simple 

two-dimensional steps. With the LAM innovation, aircraft parts are manufactured 

cheaply and efficiently without the restrictions of conventional manufacturing. 

Consequently, lightweight design manufacturing is taken to a kore convenient scale. In 

addition to LAM, another innovation in lightweight was reported by Meschut et al. 

(2014) with regard to joining technology. The motivation of the innovation was the 

need for high-quality guidelines for joints in the multi-material lightweight body 

structures of cars. The most effective joining technology proposed for the multi-

lightweight design was resistant element welding. In conventional methods, joining the 

promising multi-materials for a more affordable car has a number of challenges. 

Therefore, the innovations surrounding the joining concept is likely to improve 

performance and lower costs incurred in the previous methods. Notably, Meschut et al. 

(2014) highlights the innovation of multi-material lightweight designs for the car 

manufacturing industry. The underlying concepts associated with lightweight designs 

are shown in figure 2.2.  

 
Figure 2.2: Lightweight approaches (Wang et al., 2016) 
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3.1.2 Benefits of Lightweight Designs 

Lightweight designs have a number of benefits in the manufacturing industry 

especially related to aircraft and car efficiency. Kim and Wallington (2013) highlighted 

some of the benefits of lightweight in automobiles. The authors pointed out that 

replacing conventional materials such as iron and steel with composites, aluminum, 

and magnesium which are lighter, reduces energy consumption. In this regard, vehicles 

made of lightweight materials are fuel-efficient and saves on user spending. Moreover, 

since energy use is decreased, the vehicles reduces the emission of greenhouse gases 

into the atmosphere. In this regard, the lightweight vehicles play a major role of 

environmental conservation. Therefore, the production of lightweight material for the 

manufacturing of vehicles can be termed as a sustainable step for the surrounding. The 

concepts were supported by Huang et al. (2016) who investigated the lightweight 

aircraft manufacturing in the United States. The authors showed from the study that 

airlines saved a significant quantity of energy based on lightweight components. 

Specifically, the composites and other lightweight materials reduced the fuel 

consumption of the airplane by 6.4%. In this regard, it was shown that weight reduction 

which is a feature of lightweight materials in aircraft is very important. For the aviation 

industry to keep up with competition and maximize profits, fuel economy is very key. 

In addition to energy consumption reduction, Huang et al. (2016) indicated that 

lightweight designs reduced the amount of material required in manufacturing. 

Through additive manufacturing (AM), it was possible to recycle materials and hence 

preserve the original raw materials. As such, the lightweight technology cuts the 

demand of primary metals needed in production of aircraft leading to sustainability. In 

a separate study, Mayyas et al. (2017) showed that lightweight designs were more 

convenient compared to hybrid electric vehicles. In terms of operational life cycle, the 

study pointed out that batteries used in the hybrid vehicles readily wore out compared 

to the fuel efficiency of the lightweight designs. Therefore, a much more efficient 

design could be achieved if the lightweight materials were used with the electric 

models. In terms of emission, the analysis showed that electric vehicles would result to 

high levels of emissions due to the processes of electricity production in the U.S. which 

consists of thermal plants. Consequently, the lightweight design which relied on fossil 

fuel and the saving of energy consumption and mitigating greenhouse effect was 

considered a better option. Notably, the number one benefit of lightweight design is 

fuel economy which results to environmental conservation.  
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3.1.3 Challenges of Implementing Lightweight Designs 

Despite the benefits of lightweight designs, studies have shown that there are a 

number of challenges involved in the implementation. The challenged and issues arise 

mainly due to the new nature of the technology in the industry. Gao et al. (2015) 

considered the challenges under the broad spectrum of additive manufacturing (AM). 

The first issue raised in the study was that the technology was not yet ready for mass 

production. In particular, AM relied on slow processing progress in which the 

production followed customized fabrication steps. In this regard, it was difficult to 

achieve economies of scale in fabricating lightweight aircraft and automotive parts 

using the technology. At the same time, it would be difficult to meet increasing market 

demands with tight timelines. Therefore, the feature of low-volume production in 

lightweight designs translates to high manufacturing costs and low revenue. 

Meanwhile, Doubrovski et al. (2011) also highlighted additional issues in 

implementing lightweight design such as thickness restriction. Specifically, the authors 

noted that AM systems such as ProMetal process are subjected to thickness limitation 

such that they cannot be utilized to achieve microstructures and smaller mesostructures. 

The other challenge spotted was the lack of proper tools for the development process, 

especially in terms of software. Although a number of CAD software are available, 

Doubrovski et al. (2011) mentioned that their development and integration was still 

incomplete, thus unreliable. In this respect, the study noted that the ability to apply the 

new structure successfully in products was a challenge. Therefore, there is still need or 

the development of further algorithms which will allow designers to effectively select 

the right structure for integration. The sentiments were echoed by Liu et al. (2016) in 

pointing out the challenges of lightweight design of the automotive bumper system. In 

the study, the presence of large numbers of design variables was raised as a challenge 

since it gave designers a hard time in selecting the most appropriate with the limited 

CAD tools. The investigation which focused on composite materials noted other 

challenges such as complex non-linear nature of the material as well as multi-working 

conditions. Although lightweight designs are useful in weight reduction, the challenges 

involved in the implementation phase still means high manufacturing costs for the 

industry. For instance, the cost of the technology involved, and the extensive research 

adds to the production costs such that the end product may appear uneconomical.  

3.2 Optimization Techniques in Industrial Processes 

Optimization comes in terms of advanced solutions control. Essentially, the 

process entails controlling smaller parts of the operating system of a plant with the aim 

of maximizing outcomes. The innovations, challenges and benefits of optimization in 

industries are discussed. 
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3.2.1 Trends and Innovation in Optimization in Industries 

The concept of optimization in industries has been implemented under various 

innovations which have given rise to some known trends. For instance, Meike et al. 

(2013) reported on an optimization innovation based on a robotic system in the 

automotive industry. The multi-robot system, which formed part of the linear 

production line, was specifically designed to minimize the overall energy consumption 

of the firm. Since energy forms the bigger portion of production costs, the introduction 

of artificial intelligence in the form of a robot was to optimize production by cutting 

associated costs and speeding end product release. The specific optimization solutions 

highlighted by Meike et al. (2013) included time scaling of the robot movements and 

having the actuator brakes released earlier in case the robots are kept stationary. 

Basically, the innovation was shown to reduce energy consumption without interfering 

with production rate, thus optimization. Meanwhile, Catalá et al. (2013) presented a 

restructuring optimization innovation based on a mathematical model. The study 

showed that industries utilize complex mathematical models to assess the flow from 

production to distribution and to come up with a most profitable strategy. Base on the 

study, the mathematical model applied took the form of mixed-integer linear 

programming. Since the industry selection was the fruit industry, the decisions of the 

model were informed by funding requirements and minimum reconversion land units. 

As such, the mathematical model was mainly used to inform an optimal investment 

policy whereby the net value of the associated business of fruits would be maximized. 

The concept of the mathematical model in optimization trends was mirrored in the work 

of Ene and Öztürk (2012). The authors, who focused on the automotive industry, 

showed that such models could be used in optimizing processes in the car 

manufacturing sectors by assigning tasks. Specifically, Ene and Öztürk (2012) 

designed a location assignment for storage and order picking system based on a 

mathematical model and developed a stochastic evolutionary approach of optimization. 

With the help of integer programming, the rate of warehouse transmissions was 

minimized hence solving the problem of location assignment. For the order picking, 

routing and batching problems were solved through the development of a faster genetic 

algorithm. The evidence from Catalá et al. (2013) and Ene and Öztürk (2012) clearly 

confirms the utilization of mathematical models as trend and innovation in optimization 

in industry. The impact of choosing one design over another is noted in figure 2.3, 

which indicates the optimal load that can be supported by different truss designs.  
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Figure 2.3: Optimization based on the design (Lippert and Lachmayer, 2016). 

 

3.2.2 Challenges of implementing Optimization 

The various innovations in optimization are faced by a number pf challenges in 

implementation. Such challenges hinder the successful application of the different 

optimization design models in the industries. Examples of the challenges were 

highlighted in the work of Ahmed et al. (2015). The investigation which focused on 

the optimization of applications in mobile cloud computing stated open challenges such 

as optimal design problems for optimal execution. Basically, the framework design for 

the applications under traditional guidelines could not be effectively realized in cloud 

networks. Therefore, the challenge was present in terms of system incompatibility due 

to limited research. At the same time, there was a challenge related to service 

availability from the cloud framework due to the limitations of wireless technologies. 

In this regard, a challenge in optimization implementation came in terms of the lack of 

appropriate technology. Due to technical issues, Ahmed et al. (2015) pointed out an 
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additional challenge of real-time management of the optimization framework sitting on 

a cloud-based system. Meanwhile, Jayal et al. (2010) pointed out some of the 

challenges associated with optimization in sustainable manufacturing scenarios. The 

authors noted that most optimization models are limited to the internal aspects of 

manufacturing such as costs, profits, and value addition. In contrast, less focus is given 

to the environment and society. In an effort to extend optimization beyond the factory 

walls, the study noted the presence of challenges such as lack of metrics for quantifying 

the impacts on the society and environment. Consequently, it was almost impossible to 

realize complete optimization since the external factors influencing the manufacturing 

process in certain ways. On the other hand, Litoiu et al. (2010) noted the challenges 

associated with cloud optimization architecture for business. For instance, the feedback 

loop architecture faced implementation challenges such as conflicting optimization 

objectives and layer coordination. At the same time, there were problems related to 

model identification, realization of goals and policies, and the achievement of cloud 

properties at both local and international levels. As a result, the objective of 

optimization was not fully met. The work of Litoiu et al. (2010) echoes Ahmed et al. 

(2015) with respect to the challenges with cloud-based optimization protocols. 

Therefore, additional research is necessary for solving the mentioned problems towards 

improved optimization in industries.  

3.2.3 Benefits of optimization 

The design and application of optimization models in the industry have 

produced a considerable scale of benefits reported by researchers (Khoueiry et al., 

2013; Henao et al., 2016). Specifically, Khoueiry et al. (2013) examined the benefits 

of optimization in a fast-tracking construction project. The authors noted that as the 

pressure pile for meeting schedules, an optimization based-model was essential in 

reducing the project duration by allowing overlapping. The concept of overlapping is 

also referred to as fast-tracking and involves starting up upstream activities before the 

downstream work is finished. In this regard, optimization reduces the time planned for 

task completion and hence it is a substantial time-saver. For instance, Khoueiry et al. 

(2013) reported a reduction in the number of days for a project by up to 50 days. Most 

importantly, the optimization model did not create unnecessary excessive work to cater 

for the shortened time. The benefits of optimization were further expounded on by 

Henao et al. (2016), who examined the events around a closed chain service industry. 

In particular, the study focused on multiskilling as a robust optimization approach. The 

outcome of the approach indicated the benefits such as improved service flexibility, 

reduced costs, and reduced number of staff. As such, the associated firm ended up 

investing less than when optimization is not used. Apart from being cost-effective, 
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additional benefits from Henao et al. (2016) included improved risk aversion levels, 

proper decision making, and the ease of generating training plans for skill development. 

Meanwhile, Ren et al. (2013) on the benefits of optimization in industries when there 

is uncertainty of the available water resources. Using a stochastic linear fractional 

optimization model, the authors reported the attached benefits to include the availing 

of two optimal plans for water consumption. As a result, the firm was in a better 

position to choose wisely and realize the economic benefits of water resources. In this 

regard, the optimization system provides the manufacturers of the industry with an 

opportunity to make informed decisions from the analytical metrics. Therefore, 

optimization models can be treated as production partners and enhancers. The body of 

literature shows that optimization is associated with considerable benefits for the 

industries and should be embraced for optimal performance. 

3.3 Bionics in Industrial Application 

Bionics encompasses the use of biological systems and methods in designing 

engineering application components. As such, the structures under bionic are 

biologically inspired and forms part of the modern technologies. The following parts 

discussed the innovations, benefits, and challenges of bionics.  

3.3.1 Trends and Innovation of Bionics in Industries 

Bionic trends and innovation have emerged in terms of designing sustainable 

products that are environmentally responsible. Coelho and Versos (2011) compared a 

number of design methods that mark bionics. One of the approaches included a solution 

by inspiration whereby the designers based their work on nature observation and 

system structure’s consideration. In this regard, the designs for human applications 

took a keen interest in the value of nature and the surrounding systems. Moreover, the 

other design approach of bionics focuses on transformation. The concept entails the 

extrapolation of geometrical, statistical, and mathematical principles to convert a 

biological system into mechanical and technical aspects. An example of a bionics 

application is shown in figure 2.4. 
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Figure 2.4: Bionics design application in an industrial process (Srivastava and Yadav, 2018) 

 

Still, other known trends and innovations include product development and 

implementation approach. Basically, Coelho and Versos (2011) highlighted the 

innovations which brings about the concept of bionics into appreciation. Meanwhile, 

Sachsenmeier (2016) added to the list of innovations by exploring the features of 

Industry 5.0. The author noted that the accomplishments of bionics approaches called 

together the efforts of scientists, designers, engineers, philosophers, and architects. In 

this regard, the innovations in bionics were noted to have taken different routes such as 

structural bionics, construction bionics, dynamic bionics, sensor bionics, and 

neurobionics. Further, climate bionics, building bionics, and process bionics and 

robotics existed. Some of the final outcomes of the products from bionics included the 

introduction of riblet for the function of friction reduction, building elements designed 

like trees, and ant-like robots that are completely autonomous. Essentially, the designs 

in bionics have taken considerations of the nature around the ecosystem and molded 

productions which responds and fits in quite well. On the other hand, Srivastava and 

Yadav (2018) focused on bionics manufacturing innovation known as cyborg cells and 

microbots. The bio-inspired manufacturing concept involved the utilization of 

biosynthetic host cells consisting of nanoparticles to make polymer-assisted 
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nanomaterials. Such design specs is known to project high degrees of sustainability and 

environmental conservation. The process involved coating the cells to form hard 

granular shells around them by means of poly-electrolytes. For instance, microbial cells 

could be coated in controlled polymerization to produce a more sustainable structure. 

The nature of literature for bionics trends and innovation literally encompasses the 

technologies involved in the molding of parts of nature into useful structures for 

humanity.  

3.3.2 Challenges of Implementing Bionics 

The implementation of bionics has been reported as encountering a number of 

challenges in terms of technological complexity and future projection. For instance, 

Sadique (2018) highlighted some of the challenges faced in implementing ultra-

artificial intelligence using bionic. The study pointed out two major problems. Firstly, 

there were problems of extending the foundations in the future for making high-impact 

applications since the underlying technology has not fully exploited the current 

industry. In other words, as the conventional artificial intelligence protocols will be 

making significant milestones, the new bionic innovations will be striving to fit into 

the changes. The second challenge cited was the problem of continuous integration 

with computing research and any other related field. For instance, it was difficult to tell 

whether bionics is in a position to keep the pace of nanotechnology which is constantly 

accelerating development in the computing world. Meanwhile, De Rossi and Pieroni 

(2013) examined some of the grant challenges of bionics. Specifically, the study raised 

a challenge in bionics implementation in relation to body implants and prosthesis. In 

this regard, it was noted that biocompatibility, durability, and toxicity of the machine 

bionic parts with the normal flesh was still a long way to understand. The other 

challenge raised was the inability to create systems and structures that exactly copied 

the actual biological creatures. As such, the concept of bionics was considered far from 

attaining perfection. For example, the concept of clothing the actuators, sensors, and 

robotic materials with behavioral changes still remains a big problem. Basically, the 

work of De Rossi and Pieroni (2013) highlighted the fact that innovations surrounding 

bionics are still shot in meeting the sophistication exhibited by the human or natural 

brain. However, the entire spectrum remains under research. The sentiment was 

supported by Rolf et al. (2015) who presented the challenges with soft continuum 

robots as bionic handling assistants. The study showed that the attempt to mimic nature 

was not fully realizable in the robots to the limitations of robot’s parts. Essentially, the 

actuators and sensors could not achieve the flexibility of human beings. At the same 

time, there was a lack of enough software for further simulations, control, and task-

level operations. As such, the technology triggered in bionics is sophisticated and hence 
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costly to implement or even try at a modelling stage. Consequently, there have been 

challenges in exploiting the full potentials of the associated innovations in the field of 

bionics.  

3.3.3 Benefits of bionics in Industrial Applications 

Bionics holds potential benefits to the industries in terms of efficient task 

execution processes. Since bionics is aimed at mimicking nature, its application has 

been of great help in human functionality enhancement. Loeb (2011) highlighted some 

of the benefits attached to the use of bionics as neuroprosthetic interfaces. In the 

findings, the study showed that bionics had made it possible for human motor 

reanimation. As such, the loss of voluntary muscle control could be compensated well 

through transcutaneous electrical nerves. In this regard, bionics made assisted 

locomotion possible in the case of patients with spinal cord injuries. Therefore, bionics 

essentially served as a complement to the natural form, thus extending the durability 

and functionality of nature beyond disability limits. In addition to motion, Loeb (2011) 

also mentioned the benefits related to hearing and vision sustenance. Therefore, when 

the natural wares out, bionics can step in and continue the process. Meanwhile, Yuan 

et al. (2012) presented the benefits of bionics in the aircraft manufacturing industry. 

The authors based their assertions on a simulation of drilling end-effector that had been 

designed based on bionics. The end-effector was controlled using automation software 

with a programmed pattern. From the trial outcomes, it was shown that the bionic based 

drilling equipment produced more accurate holes compared to manual drilling. As a 

result, the utilization of bionics in the industries improves the manufacturing specs of 

accuracy and precision. At the same time, the programming and control enable the 

process of drilling to be performed faster and hence saves on time. On the other hand, 

Pauna et al. (2014) supported the ideas of Loeb (2011) on the benefits of bionic 

structures to patients. Using an advanced bionics perspective, Pauna et al. (2014) 

examined the benefits of using Cochlear implants in patients suffering from prelingual 

hearing loss. The outcome of the investigation showed that Cochlear implants 

improved the level of hearing compared to ordinary hearing aid devices. As such, the 

advancement of mimicry of nature and producing items that resemble the environment 

makes it possible to solve high sophistication problems which would otherwise be near 

impossible with the conventional technologies. Therefore, bionics helps in achieving 

the extreme levels of design and implementation which cuts through the natural 

barriers.  
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Part 2: Chosen Topic 

 

3.4 Integrating Lightweight, Optimization, and Bionics 

For efficient production of the most effective products with regard to 

sustainability, the three concepts of lightweight manufacturing, process optimization, 

and bionics technology are normally integrated. As lightweight designs serve in weight 

reduction and energy conservation, optimization assists in reducing time spent in the 

process by speeding production, thus reduced costs. Meanwhile, bionics works hand-

in-hand with lightweight designs to give the desired materials from the natural angle. 

An example of the integration was studied by Emmelmann et al. (2011a) who focused 

on bionic lightweight designs. In the study, lightweight designs were produced using 

Laser Additive Manufacturing (LAM) technology which allowed critical analytical 

calculations of effective factors and external temperature. At the same time, the 

lightweight material achieved extreme lightweight values courtesy of bionic structures 

and structural optimization tools that were incorporated in the design process. Through 

the integration, Emmelmann et al. (2011a) showed that it was possible to realize new 

aircraft designs by pushing lightweight designs to new limits. In a separate study, 

Cheng et al. (2012) asserted that integration was useful in manufacturing lightweight 

design of mid-rail box girder. Based on bionics, it was discovered that bamboo has 

similar mechanics and structure behavior like the crane’s box girder. Therefore, using 

bionic optimization technologies, the production of lightweight bionic box girder 

which characteristic stability. Moreover, the new girder required less stiffeners for 

resilience and smaller amounts of steel compared to traditional designs. Meanwhile, 

Riss et al. (2014) featured the integration concept by showing that LAM processes for 

lightweight design production could be realized in the form of bionic-designed 

components. In particular, the authors demonstrated honeycomb sandwich lightweight 

components that were achieved through a closed-loop optimization methodology. By 

optimizing the bionic component into the lightweight design, Riss et al. (2014) noted 

that the mass of the final structure was reduced by about 50%. Therefore, by using the 

present lightweight, optimization, and bionic innovations, the quality of structures can 

be significantly improved for sustainability. 
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4- Results 

 

In this section, the main findings from the studies selected for review are 

presented. The chapter is significant in addressing the key research objective of 

examining the status of bionics, optimization, and lightweight design in industrial 

applications. A total of seven articles were selected for review and a summary of key 

characteristics of the studies is shown in the appendix. From the articles, the main 

themes identified included structural optimization techniques in industrial designs, 

techniques of lightweight design, impact of bionics in industrial designs. 

4.1 Optimization Techniques in Industrial Design  

One of the key objectives of the current research was to examine approaches 

used by industries to optimize their product designs and ensure the best performance. 

Among the seven studies which were sampled, three of them (Pertersson, 2017; 

Zheyun, 2017; Petersson et al., 2015) were noted to extensively analyze the concept of 

optimization of product designs in industrial processes. Zheyun (2017) analyzed 

different strategies which are commonly employed in design optimization and 

identified the main ones as topology optimization, shape optimization, and multi-

objective optimization. In shape optimization, product designers explore different 

shapes to maximize product performance such as using streamlined shapes to reduce 

drag in airplane wings.  Meanwhile, topology optimization entails considering the 

layout of different parts of a product and undertaking a gradual removal of parts 

considered inefficient. Zheyun (2017) also explained that multi-objective optimization 

involved simultaneously analyzing how to maximize the performance of different parts 

when integrated. For instance, the vehicle occupant protection system can be designed 

for immediate braking in case of frontal collision followed by the release of airbags 

and management of vibration.  

Peterson (2017) also indicated various optimization techniques. The author 

noted that computer software that can convert complex designs into surface models are 

used. To minimize problems during conversation and optimize the design, software 

such as meshfree Finite Element which is able to solve all solid types irrespective of 

the design, are used. Additionally, during the conversion process, thin-walled designs, 

holes and fillets are converted without much modification. H. Petersson also noted that 

simulations are carried out to observe the performance of the models before the design 

is fully implemented. During simulations, HEA beam and simple box are used as 

boundary conditions. Forces of 10kN, 300N, 250N, and 500N are applied to the 

simulation model to observe the performance of the lightweight structure. From the 
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performance of the model, an optimal design can be carried out with all performance 

conditions worked out.  

Additionally, from the study by Petersson et al. (2015), it was also observed 

that qualitative computer-based design analysis that is carried out within the design 

process could be used for design optimization. The method makes use of all computer-

based analysis within the engineering design that are put together to analyze every 

component of the design. In its application, designers collaborate with software 

developers and analysis experts to ensure that the industrial designs that come out are 

of maximum efficiency. The linear analysis was also observed to assist in optimization 

for lightweight design. The analysis takes into consideration the expected loadings to 

calculate particle distribution patterns that will yield maximum strengths and minimum 

weights. Designers prepare structural geometries that are based on specific constraints 

within which designs are maximized. Thus, the various design optimization techniques 

focus on obtaining maximum performance of the structure.  

4.2 Techniques of Lightweight Design  

Among the studies selected for review, three of them (Eriksson et al., 2014; 

Pertersson, 2017; Zheyun, 2017) analyzed different strategies used in lightweight 

design for industrial applications. Zheyun (2017) explained that metallic alloys as well 

as for non-metallic materials, are commonly used to facilitate lightweight designs. The 

main metallic alloys used in lightweight designs include Magnesium alloys and 

aluminum alloys. Zheyum noted that the use of magnesium alloys in car manufacture 

instead of steel parts helped in reducing weight by 3.6kg. The non-metallic materials 

which are commonly used to reduce the weight of vehicles include glass fiber 

reinforced plastic and carbon fiber reinforced plastic. Apart from reducing weight, the 

non-metallic materials also have better thermal insulation. Although aluminum alloys 

help in significantly reducing the weight of machines and equipment design, they 

require knowledge of laser wielding technology when manufacturing parts. 

Eriksson et al. (2014) analyzed the application of computer-based design in 

companies. The researcher analyzed various medium and large-sized firms to 

determine how computer-based design to optimize a design. The main categories 

observed included the application complete technical systems (TS) as their overall 

system component. The other category involved companies that develop complex 

components (CC), including transmissions and turbomachinery. The complex 

components for part of technical system but not as explicit components. The other 

category involves engineering consulting (EC). In the identification and planning 

process for the computer-based designs, need analysis is identified for the design 

analysis. Additionally, it was also observed that design elaboration before execution. 
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From the study, it was also observed that the methods and techniques for carrying out 

computer-based design include documented practices known as methodological 

aspects. Other methods include information support and as well as verification and 

validation which involved determining the level of confidence in the design for future 

performance. 

On the other hand, Petersson (2017) carried out a mesh-less analysis using 

computer-based design analysis. The method is a build-up to the more common finite 

element analysis in a lightweight design. The observation made from the study is that 

computer-aided finite element analysis which integrates FE into CAD-based design, 

can be utilized by designers to analyze thin-walled designs for design optimization. 

The outcome of the analysis was indicated to be large models that sometimes get too 

large to be solved by a standard computer. In such cases, the technique used involves 

converting geometry into surfaces and then using shell elements for design analysis. 

Solving time differences can be as high as a factor of time and can be solved by the use 

of a standard design computer. However, the main challenge in the conversion of solids 

to surface model was observed to be a lot of time needed and the seldom nature of the 

conversion happening without problems. A critical software applied by designers is the 

Meshfree Finite Element which is capable of solving various types of solids regardless 

of design.  

4.3 Impact of Bionics in Industrial Designs  

Among the studies selected for review, three of them (Eriksson et al., 2014; 

Pertersson, 2017; Peterson 2019) analyzed different strategies used in the lightweight 

design for industrial applications Peterson (2017) noted that industrial design that 

borrows from nature impacts the industry in a number of ways. Bionics adoption leads 

to designs that conserve and optimize energy consumption to mimic nature that only 

uses energy when necessary. The designs are multi-functional thus the products are 

able to perform several functions with the same amount of energy expenditure. 

Additionally, bionics has also led to the adoption of designs that focuses on recycling 

as much waste as possible. The recycling reduces materials wastage, reduces design 

costs and improves production efficiency. Another critical observation from the study 

by Peterson (2017) was also the resilient nature of bionic designs that are diverse.  

Bionics has also led to the adoption of designs that utilizes safe materials that are less 

harmful to the environment. The most important impact of bionics in industrial design 

mostly in the automotive industry, is the use of shapes to determine functionality. 

Shape design aids in energy conservation and speed enhancements thus enabling the 

designs to achieve maximum functionality at minimum energy. A key example is the 

Shinkansen train which adopts Kingfisher’s beak design.  
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From the study by Peterson (2019), it is observed that bionic has also impacted 

industrial design by coming up with a mesh-less structure. A key advantage of mesh-

less structures is there is that they are light thus have made it possible to construct larger 

structures that are lighter and less expensive. Another observation made was the 

possibility to observe the performance of structure before design implementation that 

has been enabled by bionic designs. Through computer-aided designs, models can be 

created and analyzed to understand their working before actual design implementation. 

For example, the computer-aided finite element method enables for opening up of 

models to analyze components thus enabling design refining and optimization. For 

lightweight structural designs, the structure can be loaded during simulation to come 

up with maximum load capacity at a certain lightweight value. Focus is thus made on 

optimization rather than maximization. 

From the study by Eriksson et al. (2014), it was observed that the utilization of 

design analysis during design has made product development a lot easier. Interaction 

with the functioning of the product can be done by studying biomechanical structures 

to come up with key design needs for implementation. Additionally, bionics has also 

made it easier to carry out design validation. Instead of prototypes, companies can also 

apply biomechanics to create confidence in their products. Biomechanical structure 

understanding makes the simulation of designs easier as most of the parameters have 

been understood before the design commences.  

 

4.4 Discussion of Results 

4.4.1 Optimization Techniques in Industrial Design 

The results unveiled different optimization techniques for industrial designs 

based on recent studies. Some of the techniques highlighted included topology 

optimization, shape optimization, and multi-objective optimization. To realize the 

optimization techniques, various machines are set up through several technologies. For 

instance, attaining topology and shape optimization involves sophisticated machining 

within the industries. The concept of technology setup to achieve optimization 

techniques resonates with the work of Meike et al. (2013) who presented the role of a 

multi-robot system as an optimization innovation. In this regard, the optimization 

techniques follow the latest developments in the industrial manufacturing sector 

comprising of artificial intelligence. Therefore, as shape, topology, and functionality 

of the designs are optimized, the process of execution also involves cost and energy 

minimization. Through the three optimization techniques, the production of the parts is 

in the industrial spectrum can be executed in the most efficient means. Notably, the 

technologies of optimization rely on computer programming which gives rise to 
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software tools. The findings were highlighted in the study analysis, whereby computer 

software was noted as being used in the conversion of complex designs into surface 

models for the process of optimization. Essentially, the software performs a crucial 

function of minimizing problems during the conversion of the design concept to the 

actual optimization procedure. The result reflects the submissions of Henao et al. 

(2016) who examined the benefits of optimization designs in industrial applications. 

Specifically, the authors reported that optimization designs improved risk aversion 

levels in manufacturing. In this regard, computer software such as meshfree Finite 

Element is useful for solving the design implementation complexities for successful 

industrial optimization. However, the use of computer software was noted to have 

inherent challenges in the works of Ahmed et al. (2015) and Litoiu et al. (2010). 

Nevertheless, the assertions of the two studies relied on cloud-based technology. For 

the present findings, the software tools for optimization do not rely entirely on cloud 

systems which is a solution to the challenges of model identification in optimization. 

The other optimization technique stated in the results was qualitative computer-based 

analysis. Such qualitative design can take the form of complex mathematical models 

mentioned by Catalá et al. (2013) and Ene and Öztürk (2012). Essentially, the models 

are used for the purposes of understanding patterns in the manufacturing process in 

order to maximize yields. Literally, the optimization techniques in industrial designs 

identified in the results agree with other studies that bespeak the continuing 

developments in the optimization design innovation.  

4.4.2 Techniques of Lightweight Design 

The selected review pointed out lightweight design techniques that featured the 

use of metallic alloys and non-metallic materials in industrial applications. The finding 

agrees with the work of Kim and Wallington (2013), who reported on the benefits of 

replacing heavy metals with lightweight materials in automobile manufacturing. The 

authors noted that conventional materials such as steel and iron that have been used 

over the years were now being faced out systematically. In this respect, the space of 

the metals was taken up by aluminum, magnesium, and other composites. The 

similarity in the results indicated the determination and ambition of the manufacturing 

industry to adopt lightweight designs in producing fuel-efficient vehicles. Essentially, 

the lighter materials reduce energy consumption, which gives rise to cost-effectiveness 

during the operation and maintenance of the vehicles. The significance of these 

lightweight techniques was proved valuable in minimizing energy consumption even 

in aircraft (Huang et al., 2016). However, this study recorded a challenge wielding 

process for the aluminum alloys, which required laser technology. The conceptual 

solution was proposed by Emmelmann et al. (2011b) and Meschut et al. (2014), who 
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pointed out on laser additive manufacturing (LAM) for the parts construction and joint 

welding, respectively. Therefore, there is a need to acquire the relevant skills for the 

understanding of laser technology for lightweight design manufacturing. Apart from 

material replacement, the findings noted the use of computer-based designs for 

lightweight techniques. However, the utilization of the computer designs was reported 

to resent many challenges to designers and manufacturers according to the study by 

Doubrovski et al. (2011). The earlier investigations revealed that although a number of 

CAD software for lightweight production existed, the critical developments for the 

application was not complete. With regard to the time frame of the study, the state of 

development in the current postmodern age might be different. For instance, the present 

findings reported that computer design in lightweight manufacturing involves clear 

processes such as design elaboration prior to execution. Meanwhile, another finding 

pointed out the usage of meshless analysis for the production of more finite elements 

in the lightweight design. The process resulted in a thin-walled design. The 

achievement provides a solution to the thickness limitation challenge presented in 

Doubrovski et al. (2011). At the same time, it agrees with the outcome of the LAM 

innovation process with regard to thin layers. However, the methods used in attaining 

the thin sections are different. Therefore, various methods can be applied in lightweight 

design manufacturing.  

4.4.3 Impact of Bionics in Industrial Designs  

The study focused on the impact of adopting bionics in industrial designs and 

realized that the process contributed to environmental protection through safe material 

designs. The results are supported by Srivastava and Yadav (2018), who asserted that 

bio-inspired designs such as cyborg cells and microbots controlled polymerization and 

in effect improved the sustainability of the environment. At the same time, 

Sachsenmeier (2016) also highlighted the significance of climate bionics in ensuring 

that lightweight structures are friendly to nature and the surrounding ecosystem. 

Therefore, the impact of bionics with regard to the protection of the environment in 

industrial designs has been a developing and advancing concept which is preferred and 

embraced by the manufacturing industries. Meanwhile, the findings also showed that 

bionic structures are resilient and promoted energy conservation. In this respect, the 

bionic lightweight designs are able to perform heavy tasks without additional amounts 

of energy. The finding confirmed the discoveries of Cheng et al. (2012), who assessed 



 

27 
 

the quality of crane’s box girder made using the bamboo stem. In their analysis, the 

structural and mechanical characteristic of the bamboo plant was found to be strong 

and stable capable of withstanding the forces of the crane. When the bionic concept is 

used in line with lightweight designs, the material achieved depicts resilience and 

energy conservation since little power is utilized. Moreover, the present findings noted 

that lightweight structures from bionics materials are even less expensive thus saves on 

manufacturing costs. The sentiment concurs with the assertions of Riss et al. (2014), 

who investigated the elements of sandwich lightweight components. As a piece of 

evidence, the specific study noted about 50% mass reduction of the final bionic 

structure. Therefore, apart from enhancing sustainability in the environment, the 

adoption of bionics in the industry reduces the amount of material used in producing 

lightweight designs. The findings also noted that bionics has made it easier for design 

validation using design analysis. However, De Rossi and Pieroni (2013) pointed out 

the challenges surrounding the analysis technology. The authors submitted that the 

technology necessary for successful mimicry of nature was not fully developed for the 

sophistication associated. In this regard, inadequate software for running the right 

robots made the design process partially realizable as stated by Rolf et al. (2015). The 

contradiction of the efficiency of technology in bionics adoption in lightweight 

industrial manufacturing calls for further analysis based on current technological 

advancements.  

   

Three key questions which can be answered based on the obtained findings 

include: 

1. What engineering advances have been made in lightweight science? 

There were three main advances noticed in lightweight science. The first one involved 

replacing conventional bulky manufacturing materials such as steel and iron with 

lighter materials including metal alloys and non-metallic materials such as glass fiber 

reinforced plastic. The second approach entailed using mesh-less analysis in which the 

principles of finite element are incorporated in computer aided design (CAD) to help 
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in creating thin-walled designs. The third approach involved using a shell element in 

which geometrical shapes are transformed into irregular shapes and surfaces to 

facilitate the lightweight design. 

2. What innovations have highlighted the field of bionics? 

There are several innovations in the field of bionics. The first one involved developing 

models that maximize energy efficiency and consumption ensuring improved 

performance of products. In this respect, the different machine parts are designed. Also, 

concepts of bionics have led to the usage of recyclable products, which ensures 

minimum wastage and reduces production costs. Lastly, bionics concepts have led to 

the development of effective shapes of products that maximize engineering 

performance. The shape optimization reduces energy used by machines and products 

such as cars and aircrafts ensuring sustainability.   

 

3. What are the modern techniques of optimization in manufacturing? 

There were different techniques identified in the sampled studies that are often used in 

the optimization of manufacturing processes. The first one involved mathematical 

algorithms in which designers employ topology, shape, and multi-objective 

optimization. In the approaches, designers use specific boundary conditions, loadings, 

and constraints to examine the optimal performance of a product. The technique helps 

to generate the best material layout during manufacturing. The second technique 

involves the finite element method in which various parts of products are analyzed 

separately to determine how the performance of individual components can be 

optimized. The last technique involved computer simulations in which software is used 

to model how a product can perform in normal operations.  
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5- Conclusion 

5.1 Conclusion 

The purpose of the present study was to respond to the research questions 

around the innovations and technologies if lightweight designs, optimization, and 

bionics in industrial applications. Using a selection of seven studies, the study 

successfully fulfilled the desired purpose. About lightweight designs, a number of 

engineering advancements were identified. Firstly, lightweight structures were 

produced by the use of the alloys of aluminum and those of magnesium. At the same 

time, non-metallic materials such as composites were also utilized for the technique. 

Essentially, the lightweight concept was determined at replacing the conventional 

metallic components of iron and steel in order to achieve the most advantages of 

lightweight innovations. For design accuracy, lightweight engineering also adopted 

computer-based designs. The categories featured in the computer advancement 

included complex components (CC), engineering consulting (EC), and 

turbomachinery. However, there was a challenge in implementation since the 

technology was considered new and underdeveloped in some industrial sectors. 

Nevertheless, the lightweight CAD-based design such as mesh-less analysis was 

capable of solving large structures that are beyond normal computing. In this regard, 

lightweight engineering has taken a technological turn-around to find solutions to 

inherent conventional problems. Meanwhile, the study also addressed the second 

research question concerning the use of bionics in lightweight industrial designs. The 

outcome of the review pointed out that bionics contributed to lightweight structures 

that consumed less energy and hence improved conservation. Basically, bionics made 

it possible to utilize recycled parts for lightweight designs, which reduced the amount 

of material needed in the manufacturing process. Consequently, the environment was 

protected from harmful wastes. Similar to lightweight techniques, computer designs 

were also used in bionic shape designs. The technological advancement made it 

possible to mimic natural shapes and produce very thin layers for lightweight projects. 

At the same time, mesh-less structures could be achieved that are lighter and less 

expensive. In this respect, bionics was noted as an advancement that is responsible for 

the overall improvement of lightweight designs in the industries. Essentially, bionics 

introduced new shapes and materials that boosted the manufacturing of parts in terms 

of cost reduction, minimum energy consumption, resilience, and environmental 

conservation. In general, bionics enhances sustainability in lightweight manufacturing 

in the industries. However, the challenges of technology development for harnessing 

the fruits of bionics were still existing. To maximize the benefits of bionics in 

lightweight applications, modern optimization techniques were also examined in 
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response to the third research question. The study identified three main optimization 

techniques as topology optimization, shape optimization, and multi-objective 

optimization. To realize the optimizations, the role of computer software tools for 

complex designs was highlighted. Therefore, for optimization, lightweight, and bionics 

applications, computer-based design analysis was recognized as a critical component 

of demystifying the complex structures. As such, the modern age of lightweight design 

in the industries is based on computer programs for analysis and final production 

processes through various machine processes. Based on the findings, it can be 

concluded that the study met its objectives of identifying the various techniques in 

existence for lightweight designs, bionics, and optimization in industries. 

5.2 Recommendations for Future Studies 

In respect of the present findings, future studies are encouraged to examine the 

current state of lightweight design technology in the industries. Such works will help 

in shedding light on the challenges identified in the present study regarding the 

development of the computer design analysis applications. Additionally, future studies 

are called upon to confirm the current results using the primary data sample. Basically, 

the findings here are based on secondary sources, which make the conclusions biased 

and subject to limitations. At the same time, the studies might have considered the 

technology state in the past years, which is not a match at all with the current 

developments. Therefore, there must be advancements in lightweight engineering, 

bionics application, and optimization in the current times, which future studies should 

examine.  
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6- Critical Review 

 

In the completed research, there are several issues that could have been 

performed in a way. This critical review is divided into various sections to explore the 

main issues identified.  

Moral Aspects: First, the reliance on secondary sources in the methodology meant that 

some of the latest trends in optimization, lightweight design, and bionics might not 

have been covered. In this respect, future studies should consider not only analyzing 

literature but also gathering primary data through interviews and surveys. Regardless, 

the insight obtained should indicate that there is an increased use of metal alloys and 

non-metallic materials in industrial applications to maximize performance and 

minimize costs and weight.  

Economic Aspects: The findings showed that the current research could economically 

empower industrial entrepreneurs to understand approaches to reducing costs in order 

to maximize their profits. However, the current research mainly focused on the 

technical aspects of industrial production such as optimization of product designs and 

techniques of lightweight design.  

Ethical Aspects: From an ethical perspective, the research met crucial ethical 

principles required in secondary research such as honesty in reporting findings and 

avoiding misrepresentation or falsification of data. Also, proper referencing was done 

to acknowledge content borrowed from other researchers and avoid issues of 

plagiarism. However, future researchers who seek to carry out a similar study can 

involve an assistant to help in the sampling of studies. The strategy can ensure that a 

different perspective is considered in selecting papers for review, which can help in the 

identification of studies that have higher quality.  

Social Aspect: The current research employed a general approach in analyzing the 

concepts of optimization, lightweight design, and bionics and did not consider specific 

companies to check the application. To gain better understanding on the topic, future 

studies should also consider employing case studies in which they focus on a specific 

company to review how the organization integrates the three concepts.  

Environment Aspect: The current research indicated that to optimize the performance 

of products in manufacturing, some of the primary materials used include non-metallic 

materials such as carbon fiber reinforced polymer, aluminum alloys, and magnesium 

alloys. However, the environmental impact of using the materials was not explored. As 

such, future studies should examine the pollution effects of using alloys and non-

metallic materials in manufacturing.  
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Appendix  

 

Table 1: Characteristics of studies sampled 

Author, year Research objective 

Petersson (2017) Explored how bionics can be used to optimize performance 

of products in additive manufacturing 

Petersson (2019) Analysed computer-based designs that promote lightweight 

and optimization 

Petersson, Motte, & Bjarnemo (2015) Analysed computer-based design processes that promote 

optimization 

Bhuwal, Kapdi, & Jinto (2018) Explored structural optimization techniques used in light 

weight design 

Eriksson, Petersson, Motte, & 

Bjarnemo (2014) 

Conducted survey to examine relationship between computer 

based designs and engineering design process 

Ruszaj (2015) Examined impact of bionics on industrial production 

development 

Zheyun (2017) Conducted a survey of optimization techniques in 

lightweight designs 
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