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Abstract:  

This is part two of a three-part series on mechanical engineering 

layout. The first part of this section focused on the use of laptops 

in the design process. Layout guide analysis, manufacturing 

layout, and language, representation, and setting are all included 

in this section. Each location's most recent research is used to 

determine the most recent full-size accomplishments in that area. 

The six major subjects are summarised below, along with some 

unanswered questions. 

INTRODUCTION 
In the journal Research in Engineering Design, this is 

the first of a two-part review of mechanical design 

research. The next exams will focus on engineering 

design sub-topics. The lectures are open to all 

engineers and are meant to keep them abreast of the 

most recent advancements in the field. Putting 

discoveries in context helps researchers prepare for 

the future. If you're looking for articles about 

engineering design, here is a good place to start. 

Evaluations like this must have a narrow focus. 

Although this review's objective is to provide an 

overview and point out further resources, if you have 

time, please read all of the articles. Despite our best 

efforts, we will be unable to include all potential 

applicants on our short list. If we misinterpret or don't 

understand anything, we might make a mistake. 

Please accept our heartfelt apologies for any trouble 

this has caused you, our valued customers. The scope 

is limited in certain areas. Mechanical engineering is 

all about designing goods, equipment, and structures. 

Geometric modelling, architectural design, 

manufacturing, and expert systems are only treated 

when they are directly relevant to mechanical system 

designs. Since commercial computer-aided design 

(CAD) systems are only now beginning to combine 

the wide range of study topics indicated here, we 

haven't even attempted to include them in our 

analysis. In this review study, the vast majority of the  

 

research is conducted in the United States. The 

practise of specifying work locations outside of the  

United States has not been prevalent. It isn't 

addressed unless mechanical design studies 

concentrate on highly specialised technical areas 

(such as mechanisms and heat exchangers) that are 

simple to apply elsewhere. This review of the topics 

breaks down design philosophy and practise into six 

categories. This list includes the following: The 

development of products and services may be 

described through models. The use of prescriptive 

design paradigms is becoming commonplace. 

Computer simulations are used to construct design 

process models. Working with a broad range of 

languages, representations, and settings is a 

challenge. Analyzing a situation may help you make 

better decisions. This section focuses on 

serviceability, scalability, and manufacturing. A 

study may fall under more than one of these headings 

in certain situations. That being said, we've done all 

possible to make our readers aware of the research's 

current position. Hope this helps. Of the six topics 

mentioned above, three were addressed in the first 

section. A look at recent developments in the subject 

is included in this section. 

One must be concerned with words, images, and 

visual representations in the design context. 

Two-way communication is critical in today's 

multilingual and multicultural society. 

Formal representations in circuit design may be used 

to capture important characteristics of the object 

being generated.. The absence of adequate 

mechanical representations is a major problem in 

mechanical engineering design studies. Computer-

based mechanical geometry models have undergone a 

great deal of effort over the last fifteen years to 

ensure their validity and reliability. Mechanical 

designs, other from the kinematic linkage design, 

lack a detailed description of their physical and 

functional properties. According to the following, 

mechanical design researchers are looking at this 
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issue. designers and customers surroundings in which 

they operate are also crucial considerations. It is 

possible to develop a design from one representation 

to another since many of the tools used to produce 

designs (computer or paper-based) are incompatible. 

While all design tools employ the same 

representation, coordinating and interacting with the 

designer while using these tools is still a significant 

research problem. 

In an official capacity 

Geometric representation in mechanical design has 

increased as a result of CAD technology 

advancement. Two visual representation approaches 

are compared and contrasted in this article. Examples 

of computerised representations of solid objects are 

b-rep and CSG. When creating or describing classes 

of objects, geometric rules (a grammar) are provided 

by form grammars and their extensions. 

It is possible to track the progress of CAD 

technology, starting with early CAD systems that just 

copied lines on a blueprint, through wire-frame 

models and finally solid models that depict whole 

and true solid things. In this case, it's Requicha and 

Voelcker. For design researchers, this study's 

findings will be of interest since the majority of 

representation research is motivated by a goal to 

improve expressiveness. Today's geometric models 

depict a completed product rather than a work in 

progress. In addition, Voelcker [145] points out this 

problem. According to Nielsen [94], a similar 

argument is going place. Geometric modelling tools 

may be created using variational geometry. The 

system's topology and geometry vary as the system's 

dimensions change. This may be done by creating an 

object graph that contains elements from both a CSG 

and a boundary model. Geometric variants are quite 

useful when it comes to developing, analysing 

tolerances, and synthesising. Non-manifold 

geometric modelling systems have recently been 

created by Weiler [146, 147] by Prinz et al. [56]. 

They might be used as a design tool since non-

manifold systems can describe geometric objects in 

all three dimensions in the same way. Properties may 

be described at a high level thanks to the models' 

topological information See Section 5.3 for further 

information on this subject. 

Computational linguistics formalisms were used in 

1975 to generate the original'stiny states' that 

influence grammars. A formal language may be used 

to build an object by following a set of rules. 

Architecture has employed form grammars to create a 

wide range of floor plans and decorations because of 

their interest in them. [48] New construction in 

Fleming's historic neighbourhood might benefit from 

the usage of shape grammars. Stiny (127), Earl (40), 

and others teach a language of forms. Formal 

language theory and computer science are both 

covered in the textbook An Introduction to Formal 

Language Theory [89], which was intended to assist 

scholars in the field of design with their introduction 

to formal languages. The formality that grammars 

provide to the design process fascinates a broad range 

of scholars from a number of disciplines. Although 

he had previously worked on a three-dimensional 

grammar for solids, Woodbury is currently working 

on a two-dimensional language. It was previously 

urged that grammars be used to construct design 

elements other than form by Stiny [129]. A solid 

modelling system is connected to the notion of 

language, Fitzhorn claims [47]. 

Three-dimensional solids may be constructed from 

two-dimensional grammars. One is used to portray 

constructive solid geometry, the other to show 

boundaries, and the third is used to create planar 

models. After being influenced by Fitzhorn's work, 

Pinilla [102] developed a vocabulary for 

understanding geometric features of designs. The use 

of topological representation allows for a wide yet 

formal display of shape properties in his work. 

Section 5.3 contains a wealth of information about 

his career and accomplishments. 

Mechanical designs' roles and behaviours have been 

studied in detail by researchers such as Pahl, Crossley 

[31, 32], and Lai [76]. There is no one method that 

works for everyone when it comes to the subject. 

Crossley's graphical technique may be used to lay out 

a design's mechanical functions. These two functions 

are represented by the icons "dump" and 

"orientation." Finally, a diagram illustrating the 

operation of the design may be made. For each icon, 

Crossley proposes that a list of possible processes 

should accompany it. The absence of structural 

integrity of the symbols makes it impossible to 

evaluate the design. As a result, he doesn't touch on 

the question of physical integration. This is a serious 

matter that warrants immediate attention. Mechanical 

design principles are conveyed via FDL notation in 

contrast to the graphical language used by Crossley. 

To describe how something works, design principles 

are applied directly to the nouns or verbs in a phrase. 

Rules like "fasten" have no physical or mathematical 

embodiment, thus their meaning is clear. only by the 

rules. Leakage or a lack of disassembly may be 

identified using Takase's feature description 

language. Computer models of designers' problem-

solving processes are being developed by the 
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researchers. Fenves and Baker [45] have developed a 

spatial and functional representation language for 

structure designs [44, 45] A sequential construction 

of an architectural arrangement and structure assumes 

that operators executing a grammar are independent 

of one another (such as the grammars mentioned in 

Section 5.1.2). Ulrich and Seering [140] use bond 

graphs [98] as a formal description of function. They 

use a combination of design and debugging to 

develop a physical component that can be used on its 

own. When the components are chosen, the function 

sharing configuration is made. For dynamic systems, 

Ulrich and Seering have adapted the technique above 

[139, 141]. For a given set of behavioural 

requirements, a system has been devised that 

provides a schematic representation of the various 

components that make up the complete system. When 

the design's intended functions are replaced with 

actual devices, the first physical system is created. In 

this situation, debugging (also known as iterative 

redesign) is the last step in maximising the original 

idea's potential. Bond graphs are used to illustrate the 

design. On the other hand, Rinderie focuses on the 

function graph's potential applications in [113, 114].  

Keep in mind that physical components always 

exhibit extra behaviour in addition to the specific 

behaviour they were selected to exhibit. The gear 

pair's added advantage is that it lowers power 

consumption. Joskowicz has discovered a way for 

developing kinematic mechanisms. The relationship 

between form and function has been explained via 

the use of configuration spaces. The link between a 

design's anticipated utility and its final form is one of 

the unresolved questions in design. Using a 

qualitative method, Green and Brown [51] attempt to 

elucidate the significance of shape and fit in design. 

They're alarmed by the state of affairs. 

After the surface components have been arranged and 

matched, the designer may check to see whether the 

design is compatible. Top-down reasoning by Bacon 

and Brown [11] relies on analogies and knowledge of 

how mechanical devices have previously behaved. 

They're working on a prototype to speed up the 

process of identifying a device's behaviour from a 

formal design definition. 

Feature-Based Modeling Although there is no 

consensus on what constitutes a feature, many 

researchers in this subject feel they are abstractions 

of lower-level design information. Abstraction of 

design information is becoming more crucial as 

design systems improve. geometric models illustrate 

the design in greater information than is beneficial 

for designers and other process planners, assembly 

planners, and rule based systems that duplicate these 

functions, in the final realisation. A product's 

"features" were previously referred to as the product's 

design attributes. The surface features such as holes, 

bosses, and ribs are all examples of form 

characteristics. Other research has been done on this 

subject. [148] Higher-level languages for defining 

assembly and tools and assemblers are proposed by 

Wesley and colleagues in a research paper. 

According to Pratt [109], a solid model may serve as 

a link between the design and manufacturing 

processes. By using his article's discussion of tool 

features, a link may be made between the design and 

manufacturing processes. Pratt and Wilson [110] laid 

forth all the requirements for a solid modelling 

system that supports form attributes. A feature-based 

approach is advised rather than an algorithm-based 

one, as indicated by Pratt [11l]. Dixon [33] defines a 

feature as "any geometric form or object used for 

reasoning in at least one of the stages of design or 

production." An analogous notion was proposed 

during the discussion of design and manufacturing 

features [128]. "Connections between design 

components" were referred to as features in that 

standard. Geometric features have taken the lead in 

design and manufacturing research, however features 

are not confined to geometric entities or the design 

and manufacturing industry. It's possible to find them 

everywhere. A CSG or boundary representation may 

be used as a starting point for new features, or they 

can be built from scratch. 

Feature-oriented design systems are the subject of 

this section. [38] Dixon et al. have come up with a set 

of design options that include features. The design of 

castings, for example, has a significant impact on 

these crucial characteristics (process). Section 7.5 

goes into further detail about the procedures. 

Preliminary taxonomy and a research into the origin 

of traits are described in [37]. It was developed by 

Cutkosky and Tenenbaum [34,351] in order to 

simultaneously design and build things. A groove or 

a hole may be carved into a component using 

machining methods. The removal of material from a 

final object is known as destructive solid geometry. 

Extraction is the process of sifting through data to 

find useful information. FEA, developed by Woo, has 

been the subject of several studies into process 

design. This paper discusses the process of extracting 

features from a geometric model that has already 

been created. It is feasible to establish whether the 

design can be manufactured if this step is completed. 

Feature-based process planning systems are discussed 

in [142]. To provide three instances of feature-based 

process planners, we may go to Henderson and Choi 
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[61-2], Kumar et al. An automated process planner 

and a production cell are all part of Purdue's QTC 

system. [23]. With its concentration on rapid 

prototyping instead than design, features are 

considered as parts of the production form rather than 

design components. ' A hybrid CSG/B Rep data 

structure for dimensioning and tolerancing is a 

feature-based representation. This model is 

constructed once again using the same design cues. It 

is possible to derive the form properties of 3D solid 

models by using Sakurai and Gossard [117]. "Facts" 

are B-rep subgraphs with unique topology and 

geometry configurations. Feature graphs use an 

instance enumeration rather than a syntax. According 

to Pinilla [102], feature-based design, representation, 

and parser frameworks are currently being created. 

Combinatorial explosions in feature development and 

search are a significant challenge for practical 

implementations because of a well-defined language. 

As a result, the system may not be able to 

differentiate between various types of slots and holes. 

It's a difficult problem for feature extraction models 

to solve. There's still a long way to go before this 

problem can be handled using topological grammars. 

There are several variations on a 

single product. 

From an analytical tool to a medium for visualising 

design ideas, Eastman [41] noticed this shift in 1981 

[41]. His predictions predict that computers would 

soon surpass traditional mediums like paper and 

pencil in the realm of mathematical modelling. An 

integrated product model for mechanical designs was 

studied in this research for the first time. The creation 

of product models and databases coincided with the 

integration of geometric and semantic information 

into engineering models. Research in this area 

includes Maryanski [100], Shaw [120], Spooner 

[124], and Su et al. and associates [131]. The Product 

Data Exchange Specification (PDES/STEP) is one 

method through which product data may be 

transported across borders for exchange. PDES/STEP 

is an important part of IGES (Initial Graphic 

Exchange Specifications). When it comes to sharing 

product models with CAD/CAM systems, IGES is 

the preferred format because it allows for the 

exchange of information that can be easily interpreted 

by humans (such as drawings and wireframes) (e.g., 

process planners, NC path generators, and others). 

PDES/global STEP's standard coordination and 

predicted industry uptake intrigue design scholars 

and designers alike. Over the last several years, PCB 

data and mechanical product model standards have 

advanced significantly. Formal qualities are expected 

to be included into the initial edition, which is 

expected to hit the market in 1989. 

A total of Environments may be 

selected from.  

It's not only a technological issue when it comes to 

designing an effective work environment for 

designers. As described in Section 3 of Part 1, these 

models focus on organising and coordinating the 

processes, tools as well as information accessible to 

designers. The environment has a greater impact on 

computer-aided design. Assuming that all design 

tools are based on an identical database, there is still 

a lot of work to be done. CAD tools and designers' 

demands are examined in this article. A broad variety 

of geometric abstractions and generalisations are 

necessary for effective product design, according to 

these authors. As Logan points out in a follow-up 

post, architectural CAD systems have similar issues. 

Designers are inspired by the belief that design is an 

interactive game to build an environment for design. 

This analogy may be used to Habraken's example to 

illustrate design issues. Using games as a metaphor 

for how designers approach an issue they are trying 

to solve is a useful starting point. An environment 

based on the constraint space paradigm, the 

Constraint Manager, was developed by Gross et al. 

[53-55]. The environment in which a designer works 

aids them in overcoming the limitations they 

experience on the job. An intelligent CAD system 

created by Arbab [4-7] will soon allow engineers to 

conceptualise, evolve, and record their creations. For 

centuries, the Arabs have relied on geometrical 

principles in their everyday life. Proceedings of IFIP 

Working Group 5.2, notably the series of workshops 

on Intelligent CAD [63–65], include papers and 

abstracts from CAD researchers. Academics in the 

fields of artificial intelligence and design are 

increasingly interested in design system architectures. 

Fox [46] and Millington [86] addressed this problem, 

among others, when it comes to unified architecture. 

Distributed design environments are discussed in 

Section 4.4 of the first chapter. Summary As long as 

this technology has existed, there are still 

uncertainties about which system or combination of 

systems is best suited for a given design purpose (p. 

). A designer is not capable of doing any work that 

needs more than a basic understanding of an object's 

geometry. It's important to know how a design was 

intended to work and how it really performs, as well 

as how the properties of a material affect how it 

behaves. Design-with-features technologies, such as 

Dixon and Cutkosky's, allow designers to create and 

alter designs using feature representations. Features 
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of both systems are strongly dependent on production 

methods. If designers can utilise manufacturing 

features to build designs and whether designs based 

on manufacturing characteristics can be used to solve 

assembly and maintenance concerns remain open 

questions. In system designs by Fenves and Barker, 

Ulrich and Seering, or Rinderle, the designer may 

define the design's behaviour using this underlying 

formal language. Many mechanical design elements 

need the use of advanced analytical techniques. 

Although there are certain areas that may make the 

leap from desired behaviour to design description, 

such as mechanisms. Designers that use design-with-

features systems have a number of unresolved 

difficulties to overcome. It's not apparent how well 

features will perform in a generic framework if 

they're utilised in design systems to capture 

behavioural elements of the design. As an example, 

there are three design-supporting analyses. Design 

would be at the mercy of shaky assumptions and 

heuristics if it didn't have analysis to back it up. As a 

result of this practise, the boundaries between design 

and analysis tend to blur. Engineering analysis is one 

of the best ways to assess a trial design. On the basis 

of an analysis, this data might be utilised to influence 

future design and redesign efforts. When it comes to 

design, analytical thinking is becoming more 

acceptable than the other way around. Reliability, 

maintainability, disposal, and other so-called "ilities" 

are now receiving a great deal of focus in product 

design and development. Section 7 of this report 

covers product design and other life cycle elements. 

When it comes to "design-analysis" under Section 6, 

engineering analysis may help forecast things like 

stresses, deflections, heat flow and motion, wear, and 

efficiency. Access to optimization and finite element 

programmes is offered in this section, while 

analytical methodologies for assembly are explored 

in Section  

Defining an appropriate  

Criteria function is a typical challenge to design 

optimization attempts, as we observed in Section 4.1 

of Part I. As a result, experts are currently focusing 

on methods to make optimization more user pleasant. 

BYU's OPTDES.BYU design-optimization interfaces 

are known as OPTDES.BYU. Designers may utilise 

the program's knowledge-based interface to identify 

and evaluate optimization issues and solutions. 

Mistree et al [72,87,88,90] have come up with a new 

method. A decision support problem approach "that 

integrates expert systems to aid students in creating 

challenges" has been developed to help students 

articulate adaptive linear programming concerns. 

There have been a number of similar incidents. [1–2] 

An investigation on the use of symbolic computations 

to lessen the difficulty of optimum design was carried 

out by Agogino et al. Constraints may be examined 

using the monotonicity analysis in SYMON [29]. The 

search area has been reduced as a consequence of the 

findings. Constrained equations are used in 

SYMFUNE, which may be used as an input from 

SYMON. Chieng and Hoeltzel's OPTDEX is a 

mechanical design and analysis software. An 

specialist in the field of design optimization. 

Bearings and speed reducers, for example, may be 

made using design cells. An AI-assisted mechanical 

design and optimization system is currently in 

development. The work of Ishii and Barkan [67] has 

given mechanical designers a new avenue for 

accessing optimization. As a starting point for the 

sensitivity analysis, a table of production rule 

correlations between design components and 

performance parameters is proposed. Parametric 

design gives interactive guidance throughout the 

parametric iterative design process on crucial 

constraints and on developing optimization 

challenges. Optimizers may find use in the work of 

Balachandran and Gero [12]. This study describes 

how to create and choose optimization algorithms 

using knowledge-based systems. In Diaz [36], fuzzy 

set theory is used to develop and show a more 

flexible criteria function. Many more sites provide 

design tools for optimization, but these are just a 

handful of the most popular ones. Optimizing 

structural shapes is the focus of Haftka [58]. 

Thompson [137] points out various disadvantages of 

structural optimization approaches. According to [8], 

large-scale system optimization methods are 

thoroughly discussed. When it comes to complex 

design difficulties, Nakazawa [92] and Mackenzie 

[84] provide ideas on how to use various 

optimization approaches in these situations. 

Nakazawa's work focuses on reducing the amount of 

data necessary for production. 

Finite Element Analysis  

Interfaces Designers want quick and easy access to 

the right tools for their jobs. Automated interfaces are 

needed to conduct tasks that are too difficult, 

sophisticated or innovative for designers to undertake 

on their own. By forming a group of analysts, known 

as the Engineering Department, in many firms, this 

has been done successfully. We don't aware of any 

studies that have looked at the interaction between 

designers and analysts. A number of initiatives are 

being made to provide computer-based interfaces for 

the most sophisticated analytic algorithms. As a 
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consequence of this success, designers will be able to 

get trustworthy analytical information more quickly 

and hence make better design choices earlier in the 

process. In 1983, Shephard [121] discusses the status 

of automated mesh creation. Kela [73] proposes an 

experimental method to build 2-D models from CAD 

data stores and to automatically remodel the mesh 

until a satisfying analysis is obtained. Both of these 

publications examine the existing literature on the 

subject of computer-aided creation of finite element 

meshes. 

At the Outset of the Design Process In order to 

perform most engineering analyses, a detailed 

description of the design under consideration is 

usually required. Because of this, they are only 

suitable to parametric design. How, however, can we 

assess designs in the early phases of development? 

Using fuzzy set theory, Wood and Antonsson [152-

155] help with early design choices by developing 

analytical tools for calculations on indeterminate 

parameters. In [153], examples of how the technique 

may be used to beam design and brake design are 

given. Analysis is integrated into the design process 

in Rinderle's [113] work, see Section 4.3 in Part I. An 

autonomous analysis software based on the 

recognition and simulation of kinematic components 

from a CAD database is described by Gelsey [49]. 

Preliminary design analysis has been discussed in 

other articles. When it comes to systems that enable 

the analysis of incomplete and abstract designs as 

well as analyses in various functional areas, Libardi 

[80] lays forth the prerequisites. By providing 

designers with a variety of choices for building and 

applying analytical models, Cline [30] presents a 

system under creation that will aid in the study of 

designs in progress. At different phases of the design 

process, Dym [39] describe an environment that 

supports structural designers in selecting the 

appropriate analytical methodologies. This method 

relies on the creation and maintenance of a symbolic 

representation of the design. At the beginning of the 

design process, Shephard [122] discusses the 

challenges that arise while analysing for design. As 

an example of this, Jones [69] has created a modest 

system for automatically selecting and applying 

analytical models, such as cantilevers and thin plates. 

Features of the design are represented using a 

feature-based representation, and this is taken into 

account when making a decision. However, this is 

only the beginning of the research that is needed in 

this particular field of study. 

At this point, you may undertake analytic processes 

to anticipate or simulate the design's performance in a 

variety of different aspects. In order to make these 

techniques more usable by designers, we need better 

user interfaces for them. In the early phases of 

design, when crucial choices are made based on 

qualitative input, there is an even larger need for 

improved analytical tools. Tools and procedures are 

required to allow designers to completely and quickly 

investigate all of their options. At each level of the 

design process, the design must be assessed and 

analysed. It's still unclear exactly how to achieve this, 

but the research mentioned above is a promising step 

in the right direction. 

Life-Cycle Design in Manufacturing  

Now, designers are seen as more concerned with the 

aesthetics of their products than ever before. There 

were a few other things on our minds. Design 

considerations that include manufacturing easiness, 

process planning and inspectionability as well as 

other life-cycle considerations like serviceability and 

disposal were only taken into account after making 

significant design commitments and choices. When 

the complete life of a product, from conception to 

disposal, is evaluated, this method has resulted in 

many less-than-optimal designs. Rising interest in 

"design-forX" or "simtdtaneous engineering," which 

refers to the simultaneous consideration of a variety 

of different aspects of an artifact's life cycle, has 

arisen as a result of the growing understanding of the 

financial implications of this technique. 

In-Process Refinement Order and 

compartmentalization have long been the norm when 

it comes to making judgments about new products, 

from conception through shipping. One of the 

reasons for this is that no one individual or small 

group can have all of the information needed to plan 

for all life-cycle difficulties. With the 

institutionalisation of the conventional design process 

has come the inevitable inertia of both the 

organisation and the individuals who work inside it. 

Thus, research into designing for the life cycle has 

the potential to revolutionise the practise of 

engineering design. In life-cycle design study, two 

viewpoints may be taken into consideration: 1) 

studies pertaining to knowledge, and 2) studies 

pertaining to process. In the first viewpoint, 

information about life-cycle difficulties related to 

early design choices is acquired, organised, and used. 

It is important to organise and manage design 

processes so that life-cycle concerns may be 

considered from the outset. the use of views from 

multiple perspectives to represent different aspects of 

the life cycle, such as production, distribution, 

maintenance, etc.; the use of features to represent 
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different levels and granularities in the design space, 

where features are the attributes; and the integration 

of life-cycle concerns through these three underlying 

concepts described by Finger et al. [46]. Whitney et 

al"The .'s Strategic Approach to Product Design" 

[149] provides a thorough approach on concurrent 

design. 

The authors want to overcome the multiple barriers to 

communication and interaction that arise throughout 

the course of a product's life cycle by concentrating 

on assembly as an integrating activity in design 

organisation. However, in other circumstances, 

functional design choices are made prior to 

consideration of manufacturing process concerns. A 

practise known as "concurrent design" refers to the 

simultaneous creation of a product and its production 

process. Cutkosky and Tenenbaum were the first to 

use this method. These articles describe how 

designers may work more effectively by using the 

First-Cut idea. Changing the structure of an 

organisation may help bring these concepts together. 

There are many different specialists involved in the 

design process, and they're all gathered at the 

beginning. This structure allows for the simultaneous 

examination of design and life-cycle issues. Several 

research and debates on organisational transformation 

and behaviour have been published in the engineering 

literature [20, 93]. In contrast, engineering design 

research does not take into account these challenges. 

According to [118], these are smaller instances of 

concurrent design. Bringing together specialists in 

life-cycle challenges does not ensure expertise in 

design choices and compromises. For a product to 

have a long life, it must be separated from an expert 

in early design thoughts. While making choices, 

Whitney et al. [149] recommend that we take into 

account the assembly's goals and objectives. An 

experienced team is unlikely to come up with the best 

tolerances for a given item in terms of its functional 

and dependability as well serviceability and 

manufacture if they can't come up with the best. 

Early design choices have a direct impact on life-

cycle challenges, hence it is critical to understand 

life-cycle design. Conceptual design evaluation and 

analysis are closely related in this way. 

Engineering of Production. 

When it comes to handling and assembly in design, 

Boothroyd and Dewhurst [17-19] have laid the 

groundwork. Assuming that a few abstract features of 

the components may accurately forecast how long it 

will take to put together an assembly, this 

investigation is being done. Both mechanical and 

manual assembly are covered. Information on the 

parts' dimensions and symmetry may be found in the 

characteristics. Handling and assembly time 

estimations may be used to identify design 

improvements that are required for product assembly. 

According to Poli and his colleagues [105-107], the 

ability to be created automatically is utilised to assess 

a design. There's a good chance that expensive parts 

and components will be found, according to statistics. 

In order to use the methods outlined above, such as 

symmetry and size, designers will need to manually 

calculate and input the data. To compute human 

handling times for geometric solid models, Myers 

[91] use Boothroyd's theory and data. Boundary 

representations are used by the solid modeller to 

extract the desired features. With this method, there 

is little to no physical labour required. Automated 

handling and insertion times have not yet been 

included into design analysis. Poll has gathered data 

on forging design [74, 104]. By identifying design 

features, forging cost and difficulty studies like 

Boothroyd's work in the assembly sector are carried 

out. The findings highlight possible design issues or 

improvements that may be made via the forging 

process. [108] Currently, these researchers are 

focused on the design of injection moulding. 

Companies and trade associations with ties to the 

sector may have heuristics to share. Examples of [21] 

include castings, extrusion, tbr forging, and injection 

moulding. Despite the fact that CAD and solid 

modelling tools are beginning to include this data, 

designers are still unable to access it. Manufacturing 

is characterised by Ayers [I0] as the concentration of 

information inside matter. When it comes to effective 

design and production, Ayers says, the less 

information that is necessary, the better. In [130], 

Stoll provides an overview of production design. 

Tolerances  

Tolerances, which are crucial for both functional 

performance and manufacturing cost, have received 

little theoretical attention for decades. Tolerances and 

cost, functional performance, and their representation 

in computer-based design methods are all vital to 

consider. There was no data on cost-tolerance curves, 

but Chase [24] used Jamieson [68] data to build 

them. In order to develop a component, more 

information is being collected and made available. 

An end-to-end tool for addressing (functional, 

geometric, and manufacturing) constraints may be 

developed using the combination of features and 

process representations," ends the second article on 

concurrent design. Aside from machining, the First-
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Cut application of these principles is starting to be 

used in injection moulding. 

There has been no scholarly study on the link 

between tolerances and costs. Cost-tolerance curves 

based on data from Jamieson [68] have been used by 

Chase [24]. More data is being analysed and shared 

in the search for a solution. 

This concept might lead to some quantitative 

generalisations. In an effort to reduce manufacturing 

costs, scholars have examined several approaches for 

synthesising tolerances. Optimization strategies are 

used to reduce an assumed cost function. Performer 

tolerance is significantly less important than 

originally believed. There is a theoretical solution to 

the issue, but it is not studied in detail by Evans [43, 

44]. Tolerances need the use of parametric design in 

the same way as any other parametric assignment. In 

complicated assemblies, the consequences of 

tolerance stackup must be studied. According to 

Greenwood [52] and Turner [138], there are a variety 

of ways to do this research. 

Other aspects of the life cycle are also covered in this 

section. As far as the X studies are concerned, 

manufacturing (together with function, of course) is 

the most active design sector. Product and production 

processes should be designed to be readily analysed, 

as recommended and now being worked on by Suri 

[133]. Because of this, designers see design analysis 

as simply another step in the process of producing 

anything. You must plan for analysis in the same 

manner you would for production. Brei et al. [20] 

provides a detailed description of the "unified life-

cycle engineering" (ULCE) environment. Human-

computer interaction (HCI) is a broad term that 

encompasses a variety of disciplines, including 

computer science (particularly database science), user 

experience (especially UX), and other areas of 

design. The dependability, testability, and 

maintainability of electronic and software designs 

have improved faster than those of mechanical 

engineering. Complexity, dependability, and output 

are all addressed in one of Ayers' strongest position 

papers [9]. He thinks that mechanical goods must 

move toward producing integrated, multi-purpose 

monoliths in order to achieve the same degree of 

dependability and repeatability as computer chips. 

Fiering and Villamarin [144] have investigated this to 

see why certain ideas have failed in unexpected ways. 

Koen et al. [97] have created tools to aid in the 

design of large complex systems using 

methodologies such as fault tree analysis. 

Designs have developed and tested CAD systems that 

combine embedded information to aid with early on-

line support on manufacturing and life-cycle 

difficulties. Any system that attempts to explain a 

design in terms of features, whether via feature 

extraction or the design process itself, is doomed to 

failure. For the purpose of extracting features from 

machined components, Henderson [62] outlines a 

procedure. 

This data is crucial to the planning of the procedure. 

The University of Massachusetts researchers Dixon 

et al. have proposed an experimental approach for 

producing features. [143] If you're looking to create 

rotationally-symmetrical components, parts like 

discs, cones, and cylindrical shapes are available. For 

finite element beam analysis, [79] creates extruded 

sections based on wall and junction parameters. To 

construct cast components in [83], four macro 

features are used. [83]. Bottlenecks, hot areas, and 

difficulty filling may all be found using this 

approach. Dixon [38] has created a generic 

architecture for systems that advises designers on 

manufacturing and life-cycle challenges, as well as 

support in revamping current products. Like Finger et 

alsimilar .'s architecture, these designs use a 

combination of feature-based design and 

manufacturing advice. 1. Our feature-based design 

technique for machined components incorporates 

fixture and process planning. [138] It is possible to 

generate components quickly and with little user 

participation using this strategy. In this study, the 

feature representation will contain tolerance 

information. 

If you're designing a product that can be mass 

produced, Design-for-X is often the method of 

choice. Inquiries concerning the design for 

assembling and machining components have been 

made by many people. In order to provide designers 

with timely and relevant data, further study is 

required on how to better gather and organise data. 

Despite an upsurge in interest in food allergies in 

recent years, little is understood about them. All 

efforts in life-cycle design are centred on mechanical 

design representations. Features and life-cycle design 

are closely intertwined, as shown by the following: 8 

In a research review, you need to make clear what 

has been accomplished and what is still required. The 

outcomes and unsolved research questions from parts 

I and II of the study are summarised here. 

Models based on definitions. 

Invention of the moment 
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Mechanical designers have gained insight into their 

creative process via methodological research. There 

will be new design tools developed after this 

research, which will aid designers. Section 2.1.1) is 

the one you want. 

These core ideas have influenced the development of 

cognitive models for specific abilities among 

designers. Section 2.2 is where we are now. 

We've gained a better understanding of how design 

teams collaborate. We have a chance of success if we 

work together and do substantial study on the same 

problem. Additional information may be found in 

Sections 2.3 and 4.4.4.) 

Inquire into the Unanswered Issues 

Ensure the validity of design strategy assumptions by 

testing, validating, and incorporating them into 

design systems. 

Understanding how designers operate and providing 

tools for conceptual design necessitates the 

development of new cognitive models. 

There are just a few of individuals who understand 

how design teams work or how to break down a 

problem into its component elements so that a team 

can come up with a resolution. From the Experts' 

Point of View 

Invention of the moment 

Designers are discovering that a prescriptive design 

model is an effective starting point for organising the 

process. To begin with, in Chapter 3. (Simplified 

English). 

Has been around for a long time and has shown to be 

a success. This is explained in Section 3.2. 

Taguchi and Suh's models are more cost-effective 

and robust when used in practise. Section 3.3 is 

where we're at right now. 

Inquire into the Unanswered Issues 

Prescriptive models of the design process will need to 

be evaluated and integrated with computer-based 

approaches that will need more study. 

Design requirements and product quality are not 

connected in the minds of many people. Art that 

serves a practical purpose requires an examination of 

the link between design characteristics and functional 

requirements. 

Models of the design process 

Computer-generated 

Invention of the moment 

It's been shown that parametric models work well. In 

the last several years, we've learned a lot about how 

design components and performance indicators are 

intertwined. Section 4.1.1.1 

An important lesson learned from successful early 

models is the relevance of features in the design of 

configurations. For further information, see Section 

4.2.2. (Simplified English). 

Computer-aided mechanical component design has 

its roots in the work of engineers. Section 4.2.1 

contains all of the necessary information. 

Many industries have already seen design successes 

based on functional needs. Please continue reading to 

learn more about Section 4.3. 

Inquire into the Unanswered Issues 

To begin with, parametric design models and 

procedures are very specialised in their application. 

For parametric design research, it is vital to 

incorporate numerical and non-numerical 

methodologies. 

When reworking setups without parametric models, 

more investigation is needed. 

It is important to explore distributed problem-solving 

strategies in the context of design. 

When defining the link between form and function, 

physical principles cannot be stressed. 

All of these items are part of the ecosystem. 

Invention of the moment 

Solid geometry and boundary representation models 

are examples of these models. This section focuses 

on 5.1.1.1. 

When it comes to the study of geometry, non-

manifold geometry has developed for the first time. 

This information may be found in Section 5.1.1. 
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Behavior may be represented in mechanical design 

courses. Section 5.2 explains this in great depth. 

As a consequence of feature-based representation 

research, several feature-based design systems have 

been developed in the last few years. When it comes 

to this situation (Section 5.3). 

To convey information about products, integrated 

product models may be used in addition to technical 

drawings. 5.4 is the section being discussed here. 

There are several obstacles to face while doing 

research. 

Mechanical design representation research has an 

effect on many aspects of design. An focus has been 

placed on the representations of version and 

configuration controls as a result of investigations 

into how design modifications and state changes in 

designs are represented. These two non-geometric 

design variables, behaviour and purpose, are what 

we're primarily concerned with in this project. It is 

necessary to express design via the use of formal 

grammars and languages. 

It takes a great deal of trial and error to successfully 

use feature-based design strategies. 

Design environments that integrate free tools into a 

cohesive framework for designers haven't received 

much attention. 

Analyzing Design Concepts 

Latest and greatest 
The introduction of interfacings has made these 

powerful technologies more accessible. 

techniques that can be implemented quickly and 

easily (Section 6.1). 

The development of interfaces between modern 

analytical tools and design systems has been made 

feasible thanks to research into automated finite 

element analysis. As a result, researchers are focusing 

more on early design evaluations. Sections 6.2.1 

through 6.2.3 of the document. 

Outstanding Research Issues 

1In the early and middle phases of design, the 

analysis and assessment of designs provide a 

substantial research issue. As a way to counteract the 

established trend in this business, it is vital to look 

into other thoughts, design ideas and layouts. 

Focus on one design idea at a time. 

Two: from which functional aspects, such as 

kinematics, structural or thermal may designers 

construct and analyse their designs? 

In order to construct computer-generated models for 

conceptual design, research into computer-aided 

design (CAD) technology is required. 

Allowing designers to work from a range of angles 

allows them to create, adapt, and evaluate their work. 

There is still a lot of work to be done and encouraged 

for automated parametric design interfaces. using 

finite element computer simulations in conjunction 

with hand-drawn drawings 

Life-cycle thinking is fundamental in industrial 

design. 

An up-to-the-minute invention 

 As of late, concurrent design has been a 

popular issue. The investigation has 

unearthed a fresh lead. 

 examining and modifying a design at the 

same time by several persons. 

 paradigm for process planning that permits 

simultaneous design of both products and 

processes. 

 A close connection exists between 

organisational transformation and design 

(Section 7.1). 

 It has become possible to gather much of the 

data needed to support a product's design for 

manufacturing. 

 It is being circulated at the same time. The 

design of the assembly is really well thought 

out. Section 7.2 contains it, as does Section 

7.1. 

 There is a connection between CAD systems 

and experimental manufacturability guiding 

systems on feature representations, 

according to research. In (Section 7.5), 

 When it comes to research, there are several 

challenges to overcome. 

 Breaking down a design into manageable 

design concerns doesn't exist as a 

philosophy or approach. 

 Reconstruct and assemble designs that can 

be manufactured. 

 Concurrent design suffers from a lack of 

standardisation in the structure and 

communication methods required. 
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Understood. 

It is essential that those who utilise industrial 

processes have access to the most current knowledge. 

Designers are in high demand. 

 It is essential to conduct a fundamental and 

applied examination of tolerances. 

 If concurrent design for life-cycle 

performance is to become a reality, further 

design-for-X research is required. 

 More sophisticated geometry and its 

different permutations must be handled by 

the computer-aided design (CAD) system. 

Listed below are a few examples: 

Mechanical engineering design research has made 

considerable strides in the previous several years. As 

a result of our best efforts, we underestimated the 

length and difficulty of this evaluation process. Both 

design researchers and the techniques they use to 

analyse it have progressed significantly in recent 

years. In mechanical engineering design, this is 

especially true. How far we've gone in our 

understanding of design and ability to develop better 

tools is mind-boggling. 

References 
1. Agogino, A.M. and Almgren, A.S., "Symbolic Computation in 

Computer-Aided Optimal Design," Expert Systems in Computer-

Aided Design, Gero, J.S., ed., North-Holland,Amsterdam, t987, 

pp. 267-284 

2. Agogino, A.M. and Almgren, A.S., "Techniques for 

Integrating Qualitative Reasoning and Symbolic Computation in 

Engineering Optimization," Engineering Optimization, Vol. 12, 

No. 2, Sept/Oct 1987, pp. 117-135 

3. A Guide to Aluminum Extrusions The Aluminum Association, 

Washington, DC, 1976 

4. Arbab, F., Cantor, D.G., Lichten, L. and Melkanoff, M.A., 

"The MARS CAM-Oriented Modeling System," Proceedings of 

the Conference on CAD~CAM Technology in Mechanical 

Engineering, IFIP, Cambridge, MA, 1982, pp. 281-288 

5. Arbab, F. and Wing, J., "Geometric Reasoning: A New 

Paradigm for Processing Geometric Information," IEEE 

International Symposium on New Directions in Computing, 

August 1985 

6. Arbab, F., "A Paradigm for Intelligent CAD," Intelligent CAD 

Systems 1: Theoretical and Methodological Aspects, Springer-

Verlag, 1987 

7. Arbab, F., "An Environment for Geometric Reasoning in 

Intelligent CAD," 1FIP WG 5.2 Workshop on Intelligent CAD 

Systems, Gosard, D., ed., IFIP, Cambridge, MA, October 1987 

8. Arora, J.S. and Thandedar, P.B., "Computational Methods for 

Optimum Design of Large Complex Systems," Computational 

Mechanics, Vol. 1, 1986, pp. 221-242 

9. Ayers, R.U., °'Complexity, Reliability and Design: The Coming 

Monolithic Revolution in Manufacturing," Working Paper WP-

86-48, International Institute for Applied Systems Analysis, 1986 

10. Ayers, R.U., "Manufacturing and Human Labor as 

Information Processes," Research Paper RR-87-19, 

International Institute for Applied Systems Analysis, November 

1987 

11. Bacon, S.D. and Brown, D.C., "Reasoning about Mechanical 

Devices: A Top-Down Approach to Deriving Behavior from 

Structure," Computers in Engineering, 1988, American Society 

of Mechanical Engineers, San Francisco, CA, August 1988, pp. 

467---472 

12. Balachandran, M. and Gero, J.S., "A Knowledge-Based 

Approach to Mathematical Design Modeling and Optimization," 

Engineering Optimization, Vol. 12, 1987, pp. 91- 115 


