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Unit-1 

Fundamental of Design 

 

Design is the strategic (Lateral thinking, think like a beginner) approach for someone to achieve a 

unique expectation. It defines the specifications (Fast, accurate, high-performing, Light, Small, 

portable, Easy to use, Safe, Stylish), plans, parameters, costs, activities, processes and how and 

what to do within legal (patent agreement, Safety,  Designed protection against reasonable abuse) 

Codes and regulations, political, social, Aesthetics (shape, form, texture, finish,) environmental, 

safety(What safety requirements are permission by government Professional society's codes and 

standards, Need for warning labels Likely degrees of abuse or misunderstanding of operating  

procedures.) And economic constraints (Economic Environmental Ethical and Legal Health and 

Safety Manufacturability Political and Social, language, Sustainability) in achieving that objective. 

Or 

Design is the ability that sparks the ideas into real world. This makes things better for people. 

design is to create something that has never been Design could be viewed as an activity that 

translate idea into reality for something useful whether it is a car, building etc. Design is where 

customer requirement, business needs, technical considerations all come together in formulation 

of product or system. 

Or 

Design is the creation of a plan for the construction of an object or a system, designing often 

necessitates considering the aesthetics, functional, economic and socio-political dimensions of 

both the design object and design process. It may involve considerable research, thought, 

modelling, interactive adjustment, and re-design. Meanwhile, diverse kinds of objects may be 

designed, including clothing, graphical user interface, skyscrapers, corporate, business processes 

and even methods of designing. The person designing is called a designer. 

 

Basic requirement of design: 

1 Who are the users?  

2 What are the needs? 

3 Where do alternatives come from? 

4 How do you choose alternatives? 

Difference between Design & Discovery: 

Design should not be confused with discovery. Discovery is getting the first sight of, or the first 

knowledge of something, as when Columbus discovered America or Jack Kilby made the first 

microprocessor. We can discover what has already existed but has not been known before, but a 

design is the product of planning and work. 

Misconception about Design: misconception about design is fashion or style, while the design is 

best employed at the end of product development process. 

Engineering Design: Engineering design is the decision-making process in which the basic science, 

mathematics, and engineering science to convert resources optimally to meet a started objective 

Or 
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Engineering design is the systematic, intelligent generation and evaluation of specifications for 

artefact (manufactured product) whose form and function achieve stated objectives and satisfy 

specified constraints (Restriction, limitation). 

Approaches to Design: 

Some popular approaches include: 

1) Keep it Simple Stupid: which strives (struggle) to eliminate unnecessary complications. 

2) There is more than one way to do it: a philosophy (thinking) to allow multiple methods of doing. 

3) Use-centered design: This focuses on the goals and tasks associated with the use of the artefact 

(Manufactured product), rather than focusing on the end user. 

4) User-centered design: This focuses on the needs, wants, and limitations of the end user of the 

Designed artefact. 

5) Critical design: uses designed artefacts (manufactured product) as an alive analysis or 

explanation on existing values, morals, and practices in a culture. 

What are the importance of design? 

1) Design In Engineering: "The application of scientific and mathematical principles to practical 

ends such as the design, manufacture, and operation of efficient and economical structures, 

machines, processes, and systems. 

2) Design In Production: A designer does not usually produce the goods/services which 

immediately satisfy consumers  needs. Rather he produces the prototype (sample, model) which 

Is used as a sample for reproducing the particular goods or services as many times as required. If 

Customer is satisfied then mass production of goods may be taken up by a production department. 

In the course of production an error made by the production in manufacturing an item may be 

lead to its rejection, but an error in design, which will be repeated in all products, may lead to 

Economic failure. The desig e s responsibilities are serious. 

Or 

The relationship between design and production is one of planning and carry out. In theory, the 

plan should anticipate (expect) and compensate (balance, give back) for potential problems in the 

execution (implementation, finishing) process. Design involves problem-solving and creativity. In 

contrast (compare), production involves a routine or pre-planned process. In some cases, it may 

be unnecessary and/or impractical to expect a designer with a broad multidisciplinary knowledge 

required for such designs to also have a detailed specialized knowledge of how to produce the 

product. Design and production are knotted in many creative professional careers, meaning 

problem-solving is part of execution and the reverse. As the cost of rearrangement increases, the 

need for separating design from production increases as well. 

This is not to say that production never involves problem-solving or creativity, nor that 

design always involves creativity. Designs are rarely perfect and are sometimes repetitive. The 

imperfection of a design may task a production position (e.g. production, construction worker) 

with utilizing creativity or problem-solving skills to compensate (pay cost) for what was 

overlooked(ignored) in the design process. Likewise, a design may be a simple repetition (copy) of 

a known pre-existing solution, requiring minimal (negligible, small, least), if any, creativity or 

problem-solving skills from the designer. 

3)Design For User: Good design always begin with the needs of user so finding out what the 

usto e  a t is the fi st stage of hat desig e s do. The designer then builds on the result with 
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a mixture of creativity and commercially insight (within reach). Design should be easily grip by user 

otherwise dotcom business failed. There are more scientific ways of making sure that design hit 

the mark. Different designers use different methods combining market research, user testing, and 

prototyping and trend analysis. Any product launch is ultimately a gamble (risk), but these 

methods help to decrease the risk of failure, a fact that comes to surprise the clients. 

4) Design For Public Services: Design can help public services in a no. of countless ways, from 

making sure products and services that meet the needs of users to increasing innovation within 

organization and bringing new view to issues such as Procurement (buy something goods) 

5) Design For Business: Designer have to ask themselves a question such as 

a) Is the product they are creating really wanted? 

b) How it is different from everything else on the market? 

c) Does it fulfil a need? 

d) Will it cost too much to manufacture? 

e) Is it safe? 

Recent industries development has considered the facts that Issue of hat e ha e to p odu e  
is gaining more importance as compare to ho  to p odu e it  Emphasis (stress, importance) on 

the customer makes design an alarming weapon for any business. Putting a stress on design brings 

creativity into an organization and increase chance of producing market leading as the 

sophistication (cleverness, quality of refinement, wisdom, and displaying good taste) of the 

consumers and global completion increases, it becomes more and more valuable. 

 6) Design In Industries: Industrial design is a process deals with uniting factors as technology, 

marketing, sales, recycling, and disposal to create the balance between the commercial, 

Immaterial and aesthetic value of product. the word industrial design relates to an industrial 

production technology. Industrial design is a creative process which integrates the physical 

qualities of a product with aesthetic (Concerned with beauty) considerations. Design is both the 

result as end product and the process which creates the result. 

 

Different types of Engineering design? 

Engineering design can be undertaken for many different reasons, and it may take different forms. 

1) Original design, also called innovative design: This form of design is at the top of the ladder. It 

Employs an original, innovative concept to achieve a need. Sometimes, but rarely, the need itself 

may be original. A truly original design involves invention. Successful original designs occur rarely, 

but when they do occur they usually interrupt existing markets because they have in them the 

seeds of new technology of far-reaching consequences. 

Example: The design of the microprocessor was one such original design. 

2) Adaptive design: This form of design occurs when the design team adapts a known solution to 

satisfy a different need to produce a novel (new, original) application. 

For example: Adapting the ink-jet printing concept to spray binder to hold particles in place in a 

Rapid prototyping machine. Adaptive designs involve synthesis and are relatively common in 

design. 

3) Redesign: Much more frequently, engineering design is employed to improve an existing design. 

The task may be to redesign a component in a product that is failing in service, or to redesign a 
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component so as to reduce its cost of manufacture. Often redesign is accomplished without any 

change in the working principle or concept of the original design. 

For example: the shape may be changed to reduce stress concentration, or a new material 

substituted to reduce weight or cost. When redesign is achieved by changing some of the design 

parameters, it is often called variant design. 

4) Selection design: Most designs employ standard components such as bearings, small motors, 

or pumps that are supplied by vendors concentrate in their manufacture and sale. Therefore, in 

this case the design task consists of selecting the components with the needed performance, 

quality, and cost from the catalogs of potential vendors. 

5) Industrial design: This form of design deals with improving the request of a product to the 

human senses, especially its visual appeal. While this type of design is more creative than 

engineering, it is a vital phase of many kinds of design. Also include by industrial design is a 

consideration of how the human user can best interface with the product. 

6) Product Design: 

Product design deals with the conversion of ideas into reality and in other forms of human 

activities, aims at fulfilling human needs, A designer does not usually produce the goods/services 

which immediately satisfy o su e s needs. Rather he produces the prototype (sample, model) 

which is used as a sample for reproducing the particular goods or services as many times as 

required. If customer is satisfied then mass production of goods may be taken up by a production 

department. In the course of production an error made by the production in manufacturing an 

item may be lead to its rejection, but an error in design, which will be repeated in all products, 

may lead to economic disaster. 

Engineering Design Process 

The engineering design process is a series of steps that engineers follow when they are trying to 

solve a problem and design a solution for something; it is a logical approach to problem solving. 

There is no single universally accepted design process. It seems as though most engineers have 

their own twist for how the process works. The process generally starts with a problem and ends 

with a solution, but the middle steps can vary. 

 

Using the Engineering Design Process: 

As discussed above, there is no single engineering design process. Throughout this course we will 

use an 11-step design process as they conceptualize, design, and create 

Step 1 – UNDERSTAND – Define the Problem 

Step 2 – EXPLORE – Do Background Research 

Step 3 – DEFINE – Determine Solution Specifications 

Step 4 – IDEATE – Generate Concept Solutions 

Step 5 – PROTOTYPE – Learn How Your Concepts Work 

Step 6 – CHOOSE – Determine a Final Concept 

Step 7 – REFINE – Do Detailed Design 

Step 8 – PRESENT – Get Feedback & Approval 

Step 9 – IMPLEMENT – Implement the Detailed Solution 

Step 10 – TEST – Does the Solution Work? 

Step 11 – ITERATE 

Downloaded from  be.rgpvnotes.in

Page no: 4 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


Page 5 of 18 

 

 

Simplified Iteration Model 

Iteration: There were several mentions steps during the design process and repeating certain steps 

multiple times until an acceptable result is achieved. This a t of epetitio  is k o  as ite atio .  
This iteration results in a better end result and is one of the most important parts of design; this is 

why it is said that design is an iterative process. One important thing designers should note is that 

iteration does not just take place at the end of the process, it will happen during every stage in the 

process. The design process is NOT a linear thing; it is common to jump from step to step. 

Sometimes a design team may jump back and forth between steps one and two several 

times before ever moving onto step three. Design teams should NOT be afraid of going backward 

in the process. At any step in the process, a design team may find themselves skipping backwards 

to any other step. The ultimate goal is to create the best design possible by improving it over and 

over again. Repeat parts of the process to improve the final result. 

The greater the number of iterations a design goes through, the better the final result will 

be, so why would a designer ever stop iterating? At first each repeat will result in large 

improvements to the design, but the longer the process goes on, the fewer problems there will be 

to fix and the smaller the improvements. This is known as the law of diminishing returns. 

Improvements to the design will get smaller with each successive improvement. Eventually a 

designer may decide that the next improvement is too small to be worth the effort, and the design 

is good enough. 

 

Need of Iteration: 

Determining the need to iterate is important to improve the design process on cost, time, and 

quality, but currently there is no categorization of iterations conducive (helpful, favorable, 

beneficial) to this goal. After exploring the possible causes and attempts to address them, we 

propose to classify iterations as rework, design, or behavioral. This framework suggests that design 

teams should try to eliminate rework iterations, perform design iterations without skipping. 
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       Figure 01 Iteration model  

Advantages of Iterative model: 

 Iterative model we can only create a high-level design of the application before we actually 

Begin to build the product and define the design solution for the entire product. Later on, we can 

Design and built a skeleton version of that, and then evolved the design based on what had been 

Built. 

 Iterative model we are building and improving the product step by step. Hence, we can 

track the defects at early stages. This avoids the downward flow of the defects. 

 Iterative model we can get the reliable user feedback. When presenting sketches and 

blueprints of the product to users for their feedback, we are effectively asking them to 

imagine how the product will work. 

 Iterative model less time is spent on documenting and more time is given for designing. 

 

Introduction to engineering Design process: Its importance, types of designs, various ways to think 

about design like visualization, photography etc., simplified iteration model, design versus 

scientific method, a problem-solving methodology 

 

Engineering Design: - A formal definition of engineering design is found in the curriculum 

guidelines of the Accreditation Board for Engineering and Technology (ABET). The ABET definition 

states that engineering design is the process of devising a system, component, or process to meet 

desired needs. It is a decision-making process (often iterative), in which the basic sciences, 

mathematics, and engineering sciences are applied to optimally convert resources to meet a 

stated objective. Among the fundamental elements of the design process is the establishment of 

objectives and criteria, synthesis, analysis, construction, testing, and evaluation. The engineering 

design component of a curriculum must include most of the following features: development of 
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student creativity, use of open-ended problems, development and use of modern design theory 

and methodology, formulation of design problem statement and specifications, production 

processes, concurrent engineering design, and detailed system description. Furthermore, it is 

essential to include a variety of realistic constraints, such as economic factors, safety, reliability, 

aesthetics, ethics, and social impact. 

  Engineering design can also be defined as the creative process of identifying needs 

and then devising solution to fill those needs. This solution may be a product, a technique, a 

structure, a project, a method, or many other things depending on the problem. The general 

procedure for completing a good engineering design can be called the Engineering Method of 

Creative Problem Solving. 

 

Steps of Engineering Design Process: -  

 

Identifying the problem: - Evaluating the needs or identifying the problem is a very important step 

in finding a solution. An improper definition of the problem will cause the engineer to waste time 

or arrive at an in correct solution. It is important that the stated needs be real needs. A great 

desig  a  e o thless if it dupli ates othe  k o  desig s o  does t e efit a  people. 
 

Gathering needed information: -After defining the problem, an engineer begins to gather all the 

information and data necessary to solve the problem. It could be physical measurements, maps, 

results of laboratory experiments, patents, results of opinion surveys, or any number of other 

types of information. Engineers should always try to build on what has already been done before. 

Information on related problems that have been solved or unsolved may help engineers find the 

best solution. 

 

Searching for creative solutions: -There are several techniques to help a group or individual to 

produce original creative ideas. The development of these new ideas may come from creativity, a 

subconscious effort, or innovation, a conscious effort. Some techniques Wright (1) suggests that 

may aid a group or individual in obtaining a creative solution are brainstorming, checklists, 

attribute listing, the forced relationship technique, and adopting a different point of view. 

 Brainstorming: - A popular technique for group problem solving is brainstorming. Typically, 

a brainstorming session consists of 6 to 12 people who spontaneously introduce ideas designed 

to solve a specific problem. In these sessions, encourage and record all ideas, including those that 

appear completely impractical. Do not allow judgment or evaluation of ideas during the idea 

generation session. It is important to generate as many ideas as possible, encourage people to 

build upon the ideas of others. Evaluate the ideas after the session is complete. 

 Checklists: - One of the simplest methods for generating new ideas is to make a checklist. 

The checklist encourages the user to examine various points, areas, and design possibilities. For 

example to improve a device, you may want a checklist like this: 

 Ways the device could be put to other uses. 

 Ways the device could be modified. 

 Ways the device could be rearranged. 

 Ways the device could be magnified. 
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 Ways the device could be reduced, etc. 

 Attribute Listing: - With attribute listing, all the major characteristics or attributes of a 

product, object, or idea are isolated and listed. Then, for each attribute, list ideas as to how each 

of the attributes could be changed. Again, as in brainstorming, all ideas are listed no matter how 

impractical. After all the ideas are listed, evaluate each idea bringing to light possible 

improvements that can be made to the design of the product. For example, how can we improve 

a telephone design? 

 Forced Relationship Technique: - The forced relationship technique takes a fixed element, 

such as the product or some idea related to the product, and forces it to take on the attributes of 

another unrelated element. 

This forms the basis of a free-flowing list of associations from which hopefully new ideas will 

emerge. As before, judge the value of the ideas after the process is complete. For example, 

suppose we wish to design a weed-cutting device. This will be the forced object. Suppose we 

randomly choose an automobile wheel as the other element. Some of the ideas that may occur 

based upon the automobile wheel are: 

 A round weed cutter. 

 A rubber weed cutter. 

 A weed cutter that rolls. 

 A weed cutter that has spokes. 

 A weed cutter that has air in its tires. 

 A weed cutter that has brakes. 

 A weed cutter that will not break. 

 Different Point of View: - People sometimes stretch their minds by adopting different 

points of view. Imagine a similar problem located on a strange planet or in free fall. Try to identify 

with the stone that is to be crushed, or the fruit that is going to be peeled. Pretend that common 

materials or components are not available or that certain exceptional ones are. Try to project how 

nature would do it. The methods are endless. 

 

1. Overcoming obstacles to creative thinking: - Here are some specific actions and attitudes 

that can be employed to overcome obstacles to creative thinking: 

 

 Avoid placing unnecessary constraints on the problem being solved. 

 Search for different ways to view the problem, avoiding preconceived beliefs and stereotypical 

thinking. 

 Recognize that there are non-engineering solutions to many problems. Consider approaches 

that other disciplines might use. 

 Look for relationships that are remote and solutions that are unusual and nontraditional. Most 

creative thought involves putting experiences and thoughts into new patterns and 

arrangements. 

 Divide complex problems into manageable parts and concentrate on solving one part at a time. 

 Allow time for incubation, after periods of intensive concentration. 

 Be open to a variety of problem-solving strategies. 
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2. Moving from ideas to preliminary designs (including modeling): - For engineers to move 

from ideas to a preliminary design, they must sort through the possible solutions and determine 

which ones are unworkable and which might have promise. The promising ideas are then molded 

and worked into plans. Preliminary designs evolve through analysis and synthesis. Analysis is 

breaking apart the whole and studying its individual components. Synthesis involves putting 

together many facts, laws, or principles into a whole idea that will accomplish some result or solve 

a problem. 

There are many techniques an engineer might use to determine if an idea has promise. Preliminary 

sketching or analysis may show that the idea is a bad one. Laboratory tests may need to be run on 

a component to see if it will work in a given situation. Perhaps a large research project may need 

to be undertaken to examine the validity of a process, or its consequences if used as a solution. 

The engineer must critically examine and study possible solutions, and constantly eliminate poor 

or inappropriate solutions. 

To facilitate the design process, engineers often rely on models. A model simplifies a system or 

Process so that it may be better studied, understood, and used in a design. There are three 

common models used in engineering: mathematical, simulation, and physical. 

 

 Mathematical models usually consist of one or more equations that describe a physical 

system. Many physical systems can be described by mathematical models. Such models can be 

based on scientific theories or laws that have stood the test of time, or they may be based on 

empirical data from experiments or observations. Mathematical models are usually employed for 

simple systems. The difficulty in deriving the equations for complex systems outweighs their 

usefulness. 

 

 Computer simulation models allow engineers to examine complex systems. Such models 

may incorporate many empirically based mathematical models as part of the total simulation 

model. A computer program is developed to describe a system, and this model may then be 

subjected to many different simulated operating conditions. 

 

 Physical models have long been used by engineers to understand complex systems. They 

probably represent the oldest method of structural design. Physical models have the advantage in 

that they allow an engineer to study a device, structure, or system with little or no prior knowledge 

of its behavior or need to make simplifying assumptions. Full scale models are sometimes built, 

but most often they have been scaled down anywhere from 1:4 to 1:48. 

Examples of studies made with physical models include: 

1. Dispersion of pollutants throughout a lake. 

2. Behavior of waves within a harbor. 

3. Underwater performance of submarines of different shapes. 

4. Performance of aircraft by using wind tunnels to simulate various flight conditions. 

 

6. Evaluating and selecting a preferred solution: - There are many criteria that engineers use 

to evaluate the value of a solution or design, which may depend on the nature of the problem. If 
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the solution involves a product, great importance may be placed on safety, cost, reliability, and 

consumer acceptability.  

Many designers use prototypes to test the operation of the design. The designer could then 

identify any weak areas of the design and attempt to improve upon them. No idea should be 

discarded solely on the basis of one prototype or one test. Many great designs have been 

discarded prematurely and many working prototypes have failed to give acceptable products. 

Indirect evaluation can be used as well, to evaluate a design. Scale models can be used to test 

aircraft design at a fraction of the cost of building a prototype. Computer simulations and 

mathematical models may not be accurate enough to allow understanding of all the complexities 

of component interference or turbulence, but they still may be used to approximate the design of 

the first scale model for wind tunnel testing. 

 

7. Preparing reports, plans, and specifications (Project Planning): - After selection of the 

preferred design, it must be communicated to those who must approve it, support it, and translate 

it into reality. This communication may take the form of an engineering report, or a set of plans 

a d spe ifi atio s. Pla s a d spe ifi atio s a e the e gi ee s ea s of des i i g to a 

manufacturing division or to a contractor sufficient detail about a design so that it can be produced 

or constructed. Engineering drawings, written and oral communications, and scheduling and 

planning a design project are very important in implementing a design smoothly and efficiently. 

 

Engineering Drawings: - Engineers create detailed technical drawings that show what the design 

looks like, what parts are necessary, how to assemble it, and how to operate it once constructed. 

These graphical specifications are probably the most important type of documentation for 

engineering design problems. They communicate visually to the technical team what verbal 

communications cannot adequately convey. The drawings must be done clearly and according to 

standards and conventions accepted by the team. 

 

Written Communications: - Memorandums, often called memos, are a brief and effective way to 

keep e e o e i ol ed a a e of the desig s p og ess. Me os a  e dist i uted to o e pe so  
or to a list of people within the organization who have an interest in the subject. 

A technical report is a much longer and complete record of the design process. It should include 

everything that was done to solve the problem. As with any communication the technical writing 

should be clear, direct, and readable by the intended audience. There are many types of reports 

written by engineers, but in general they all include the following information: 

 Cover page, stating title of project, company name, author, and date 

 Abstract, giving a short overview and summary of the work 

 Table of Contents 

 Body of the report, which elaborates on the problem solved, presents background 

material, procedure used, results and significance of work. 

 Conclusions and recommendations, which summarize the results and significance of work. 

 Appendices, for the reader who wants to know everything about the work. 
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Oral Communication: - At different stages during the design process an engineer may be called 

upon to give an oral progress report to the design team, the supervisor, or management and 

marketing people. The objectives of an oral presentation are the same for a written report: the 

engineer wants to communicate information and convince the audience. The methods used 

however are very different. The most important element in for a successful oral presentation is 

preparation. Here are some pointers for a good oral presentation: 

 Be very familiar with the subject of the presentation. 

 Know how much time is allotted for the presentation. 

 Practice the presentation to cover everything completely within the time limit. 

 K o  ou  audie e. Mat h p ese tatio  le el ith audie e s u de sta di g le el. 
 Speak clearly and eloquently. 

 Have simple and uncluttered visual materials. Do not put too much information on one 

visual. 

 Have a good summary and conclusion to highlight the important parts of the presentation. 

 End the presentation, by asking the audience if they have any questions. 

 

Scheduling and Planning a Design Project: - Since a design project is usually much more 

complicated than finishing physics homework, complete solution will involve several steps or 

tasks. Some complex problems will require weeks or months to complete. The design problem 

solution needs to include a schedule or a plan of when to do the necessary tasks to complete the 

design. In a good schedule, each task should be completed before its results are needed by 

another task. The schedule should also make use of all the personnel all of the time. Also since 

designs frequently are changed and improved throughout the entire process, it is a good idea to 

schedule design reviews at the end of each project phase. 

 

8. Implementing the design (Project Implementation): - The final stage of the design process 

is implementation, the process of producing or constructing a physical device, product, or system. 

Engineers must plan and oversee the production of the devices or products and supervise the 

construction of the engineered projects. Different engineers may, of course, be involved in this 

final phase. For the design engineer, implementing the design is the most satisfying stage of all. 

 

Importance of Engineering Design Process: -  

From the definition of Engineering Design, it is evident that design is both a scientific and a creative 

process. Albert Einstein asserted that imagination is more important than knowledge, for 

knowledge is finite whereas imagination is infinite. 

It is essential to realize that design does not start with an engineering drawing made on a computer 

pa kage su h as P o/E gi ee ™ o  e e  AutoCAD™. “u h a fi al e gi ee i g d a i g a  e 
ega ded i  so e a s as the la  epo t  of ou  fi al desig  a d he e a ethod of 

communicating your design with other people. There are many steps before this, and these steps 

will be discussed throughout the course of this chapter and in more detail in the rest of the book. 

Of course, as computer packages become more advanced, designers are able to start using them 

earlier on in the design process to aid them with their design. However, as design is a creative 

process, most of the input will have to come from the designer. 
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Design is widely regarded as one of the most important steps in the development of a product. 

Indeed, without a design, there would be no product! Not only this, but no matter how good the 

manufacturing, production, sales, etc. are, if a product is poorly designed, the end product still will 

be a bad idea and will ultimately fail, as no one likes to purchase a bad idea. 

 

Most consumers will not be aware or even interested in the detailed technical specifications of a 

product or how efficient the manufacturing process. The first thing that a consumer will usually 

look at before deciding to purchase so ethi g is its desig  a d ho  it looks . This ill e follo ed 
by the reliability and quality of the item, then by the price. Think about how people choose to buy 

a coffee machine or even a mobile phone. 

It is interesting to note here that price does not always come first. Many people are willing to pay 

a bit more if they see the benefits, and this is usually reflected in the design. In some cases, people 

will only purchase an item if it is expensive for reassurance of quality and possibly prestige (no one 

would buy a Rolls Royce or a Rolex simply because it was cheap!). However, in most cases, part of 

the design process will be to design for minimum cost so that a product can be competitive in the 

marketplace. 

Many sources, including the United Kingdom Department of Trade and Industry (DTI) identified 

that investing money and resources at the design stage yields the biggest return on investment of 

a product. One of the reasons for this is that changes can be made easily at this early stage, 

whereas later on, changes in the manufacturing methods and so on could be extremely costly—
both in time and money. 

 

Reason for failures in most engineering designs: - 

• I o e t o  o e e te ded assu ptio s 

• Poo  u de sta di g of the p o le  to e sol ed 

• I o e t design specifications 

• Fault  a ufa tu i g a d asse l  

• E o  i  desig  al ulatio s 

• I o plete e pe i e tatio  a d i ade uate data olle tio  

• E o s i  d a i gs 

• Fault  easo i g f o  good assu ptio s 

 

 

Types of Engineering Design: - 

As in any field of human activity, there are different degrees of difficulty. In design, these stages 

are adaptive design, developed design, and new design. 

1. Adaptive design: I  the g eat ajo it  of i sta es, the desig e s o k ill e o e ed 
with the adaptation of existing designs. There are branches of manufacturing in which 

development has practically ceased, so that there is hardly anything left for the designer to do 

except make minor modifications, usually in the dimensions of the product. Design activity of this 

kind demands no special knowledge or skill, and the problems presented are easily solved by a 

designer with ordinary technical training. One such example can be the elevator, which has 

remained the same technically and conceptually for some time now. Another example is a washing 
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machine. This has been based on the same conceptual design for the last several years and varies 

in only a few parameters, such as its dimensions, materials, and detailed power specifications. 

2. Development design: Considerably more scientific training and design ability are needed 

for development design. The designer starts from an existing design, but the final outcome may 

differ markedly from the initial product. Examples of this development could be from a manual 

gearbox in a car to an automatic one and from the traditional tube-based television to the modern 

plasma and LCD versions. 

3. New design: Only a small number of designs are new designs. This is possibly the most 

difficult level in that generating a new concept involves mastering all the previous skills in addition 

to creativity and imagination, insight, and foresight. Examples of this are the design of the first 

automobile, airplane, or even the wheel (a long time ago). Try to think of entirely new designs 

which have been introduced over the last decade. 

 

 

Various ways to think about Design: - 

 

 “ thesis s: - “ thesis s a e eati e thi ke s ho pe ei es the o ld i  te s of 
opposites.  Whe  ou sa  la k, the  thi k hite, he  ou sa  lo g, the  thi k sho t.  

To o e t ith “ thesis s, liste  app e iati el  to thei  spe ulatio  a d do t o fuse thei  
a gui g atu e ith esista e.  

 

 Idealists: - Idealists elie e i  loft  goals a d sta da ds. To o e t ith Idealists, 
asso iate hat ou a t to do ith these goals of ualit , se i e, a d o u it  good.  

 

 Curious Thinkers: - P a ti al thi ke s a e fle i le, esou eful folk ho look fo  i ediate 
pa off athe  tha  fo  a g a d pla  that ill ha ge the o ld.  To o e t ith the , e phasize 
short-term o je ti es o  hi h ou a  get sta ted ith esou es at ha d.  

 

 Analyst Thinkers: - A al st thi ke s e uate a u a , tho ough ess, a d atte tio  to 
detail with completeness.  They are likely to gather data, measure it, categorize it, and rationally 

and methodically calculate the right answer to any problem you come up with. To connect to 

A al sts, p o ide a logi al pla  eplete ith a k-up data a d spe ifi atio s.  

 

 Realist Thinkers: - ‘ealist thi ke s a e fast o i g doe s ho k o  that ealit  is hat 

their senses – sight, sound, taste, smell, and touch – tell them it is, and not that dry stuff that one 

fi ds i  a ou ti g ledge s, o  the i sipid pages of a ual of ope atio s.  

 

Simplified iteration model: 

 

Many engineering companies recognize the need to improve their development processes and 

thereby meet the demand for cycle time reductions. Process modelling and simulation is one way 

to support this, for example as a method to evaluate risks, predict outcomes and identify potential 

improvements.  
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However, New Product Development (NPD) processes are difficult to model when compared to 

others such as manufacturing and business workflow. This is partly due to the uncertainty 

surrounding design processes, which is derived from their complexity and long cycle time together 

with the limited overview of specialized participants. Design processes are also difficult to model 

because the rate of process change is often significant relative to project duration, and because 

process outcomes depend on technical decisions that are made by examining the design in-situ. 

Most design processes also exhibit adaptive qualities, i.e., they are flexible to respond to 

incorporate new opportunities, requirement changes, etc. In these factors of uncertainty, 

complexity, novelty, in-situ decisions and adaptive qualities, design is thus different to repeatable 

processes which are known a-priori.  

 

Another distinguishing characteristic of NPD is the iteration which is ubiquitous in design. 

Iteration is a major driver of process complexity in the development of engineered products. It is 

increasingly recognized as such with the move away from linear, stage-gate paradigms of the 

design process towards those such as Dynamic Product Development, which highlights factors 

such as delegation of control, the independent initiation of activity streams to reach goals, and 

the need for iteration in response to emerging issues and requirements  

 Most NPD process simulations in the literature incorporate design iteration; this is usually 

considered necessary for an adequate model. However, despite the recognized importance of 

ite atio  i  desig ,  

 

PERSPECTIVES OF DESIGN ITERATION 

 

 Exploration. In modern thinking about design, it is an almost universal view that the 

concurrent, iterative exploration of problem and solution spaces is fundamental to the creative 

problem-solving process. According to this solution-oriented perspective, designing involves a 

repeated process of solution space divergence (during synthesis) followed by convergence (during 

evaluation). It is the subject of many publications.  

• Convergence. Many engineering problems may be viewed as the selection of parameters to 

meet well-defined performance objectives. Where the relationships between parameters and 

objectives are complex and a solution cannot be directly identified, an iterative process is used to 

o e ge upo  a satisfi i g  desig . Diffe e t ethods a d/o  tools a e often applied as 

increasing levels of detail are reached during convergence. The convergence strategy is used in 

designer-driven processes as well as automated design and optimization systems.  

• Refinement. Designs which meet their primary requirements may undergo further refinement 

to e ha e se o da  ha a te isti s, fo  e a ple to i p o e elega e  o  to edu e ost. 
Excessive refinement often occurs where it is not obvious when to stop working on a problem, for 

example if there are few milestones in a development schedule or if evaluation criteria are 

subjective. This is often the case where products have fashionable or aesthetic appeal.  

• Rework. Tasks may require rework in response to problems that emerge as analysis is conducted, 

or following external influences such as requirement changes. Unnecessary rework may also be 

caused if the process is too complex to identify the most efficient order of work execution. A 

configuration which eliminates this may not be possible if time constraints require work to begin 
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with incomplete input information. Rework requires tasks to be re-attempted because their input 

information is updated. This is undesirable because effort is expended for no overall increase in 

performance or knowledge.  

• Negotiation. Many design problems require integration of contributions from personnel who are 

trained in disparate disciplines and who have a limited understanding of other fields. This is 

common where designers do not possess a technical overview of the entire design, for example in 

very complex products such as aero-engines. In such cases iteration allows trade-offs between 

competing goals to be negotiated.  

• Repetition. Similar tasks or steps are often performed at different points in the design cycle to 

apply a similar operation to different information. Repetition differs from exploration, 

convergence, negotiation, rework and refinement in that it involves re-visiting similar design 

activities to achieve a different goal, rather than re-visiting a goal using potentially different 

methods. 

 

Design versus Scientific method: - 

S. No. Scientific Method Engineering Design Process 

01. State your question Define the problem 

02. Do background research Do background research 

03. Formulate your hypothesis Specify requirements 

04. Design experiment, establish procedure Creative alternative solutions, choose the 

best one and develop it 

05. Test your hypothesis by doing experiment Build a prototype 

06. Analyze your results and draw 

conclusions 

Test and redesign as necessary 

07. Communicate Results Communicate Results 

 

A problem solving methodology: - 

 

STEP 1: Understand 

In this step engineers will define the problem they are trying to solve. 

This is the single most important step in the design process.  Without fully understanding the 

problem how can an engineer solve it successfully?  This step is often done incorrectly or 

incompletely and results in a failure of the design.  It is important to define the true problem one 

is solving, not just the symptoms of the problem or the perceived problem. 

 

STEP 2: Explore 

In this step engineers will do background research on the problem their solving.  They will 

investigate the ways others have tackled similar problems.  Engineers will also gather details on 

the environment they e deali g ith, the situatio s thei  solutio  ill e used i , a d the a s it 
will be used. 
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STEP 3: Define 

 

In this step engineers will specify WHAT the solution will accomplish, without describing HOW it 

will do it.  They do this through the use of specifications. 

What are specifications?  A specification is defined as an explicit set of requirements to be satisfied 

by a material, product, or service.  In this case, specifications are requirements for the solution of 

the problem defined in Step 1 of the design process. 

Specifications typically come from two places: 

1. Design Constraints 

2. Functional Requirements 

 

STEP 4: Ideate 

Ideate means to formulate, imagine, or conceive of an idea. 

Now that the engineer knows WHAT the solution will do, he or she must determine HOW it will do 

it. 

T o o ds: Napki  “ket hes.  This ph ase efe s to the ha it of jotti g do  ideas he e e  a d 
where ever they occur - even if you have to jot them down on a napkin. 

Everyone does the same thing when faced with a problem or a decision to make: they think of 

alternative courses of action, even if they do this subconsciously.  Formally documenting this 

intuitive action may help when solving complex engineering problems. 

This is a step that requires some creativity.  Some of the questions most commonly asked of 

e gi ee s a e, Ho  did ou o e up ith that?  a d Whe e do ou get ou  ideas?   Ideas come 

from everywhere!  Inspiration can come from anywhere! 

 

Brainstorming – Group Creativity Technique. 

This stage in the engineering design process requires great creativity and the generation of a 

u e  of optio s fo  the p o le s solutio .  To accomplish this, one must use an engineering 

tool known as BRAINSTORMING.  Brainstorming is an exercise in which groups of individuals work 

together to generate large numbers of ideas. 

Some important rules for brainstorming: 

1.  When brainstorming, teams focus on the quantity of ideas generated, not the quality.  The 

premise is that from lots of ideas will come a few great ones! 

2.  Reserve judgment. There are no bad ideas during the brainstorming session, because even the 

most outlandish concept could inspire someone else to come up with something great.  Crazy 

ideas may also be improved and developed during the collaborative process and become feasible 

ideas. 

3.  Record everything.  Student designers should document all the ideas generated during 

brainstorming in their engineering notebooks. 
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STEP 5: Prototype 

In this stage of the process engineers takes some of their concepts from the previous step and 

make mock-up versions of them.  The goal of this stage is to learn how each concept solution will 

fu tio  i  eal life  a d ho  it i te a ts ith the eal e i o e t.  This is also where a designer 

will start to determine which design concept will work the best.  These prototypes are designed to 

be crude, but functional enough to be educational to the designer.  The ke o d he e is LEA‘N.   

 

STEP 6: Choose 

At this point in the process the designer or design group has several different potential solutions 

for the problem.  This step is where the designers will use the lessons learned from their 

prototyping to determine which concept is best and go forward with it.  This is not always an easy 

decision.  “o eti es the ight  solutio  just reveals itself.  Other times it is difficult to even define 

est.   Teams can compare how each concept fulfills the specifications from step three in the 

process and see if one is significantly better than the others.  Designers should look for the simple 

and elegant solution. 

In the event that there is no obvious solution, a more methodical approach must be used to make 

the decision. 

 

STEP 7: Refine 

This is the stage of the design process where engineers take their chosen concept and make it into 

so ethi g o e eal.   This stage is all about the details.  At the end of this stage design teams 

should have everything necessary so that the full design can be constructed or 

implemented.  Some of the pieces that may be generated during this step are CAD 

Models, Assembly Drawings, Manufacturing Plans, Bill of Materials, Maintenance Guides, User 

Manuals, Design Presentations, Proposals and more. 

These designs will start off very basic and evolve as more details are added.  It is not practical to 

start by detailing every piece of the solution until one sees how the pieces fit together.  These 

basic pieces are then refined into more detailed pieces that are part of the final design. 

 

STEP 8: Present 

The detailed design must often go through some sort of design review or approval process before 

it can be implemented.  A design review can come in many forms.  Some reviews occur as a simple 

conversation between two of the designers.  Some reviews are done as a meeting of the Design 

Group where they recap and check the work that has been completed and try to find any 

errors.  Many reviews involve presenting the detailed design to a customer, manager, or some 

other decision-maker for final approval. 
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STEP 9: Implement 

Once the design has been completed and approved, it needs to be implemented.  Depending on 

the nature of the problem being solved, the solutions to the problem could vary wildly.  Depending 

on the type of solution, the implementation could also vary.  The implementation could consist of 

using a new process that was designed, or it could consist of following a manufacturing plan and 

producing some physical object.  For instance, in the example of the elevator riddle discussed 

previously, there are a number of solutions proposed and these solutions all took different forms. 

If an engineer is trying to solve how to tie shoes faster, they are designing a process for tying 

shoes.  Their implementation would be to tell people about their new shoe-tying procedure.  If an 

engineer is trying to design a better shoe, their implementation would the manufacture and sale 

of the new shoes.  Implementations can take many forms. 

 

STEP 10: Test 

In this stage engineers will test their implemented solution to see how well it works.  The 

i ple e tatio  ust e e ie ed to see hat o ked, hat did t, a d hat should e 
improved.  The testing procedures and results should be well documented.  The main thing that 

should be determined during this stage in the process is whether or not the final implementation 

performs as expected and fulfills the specifications.  

So, what happens if the design is not found to be acceptable?  The design group must find a way 

to make it acceptable!  The design group needs to come up with a plan of improvement to get the 

solution up to snuff.  Their plan may include starting over and going back to the drawing board to 

create a new plan entirely. 

Once the solution has been implemented, the analysis completed, and the design has been found 

acceptable, the design process is complete. 

 

STEP 11:  Iterate 

There were several mentions during the design process of repeating certain steps multiple times 

until an acceptable result is achieved.  This a t of epetitio  is k o  as ite atio .   This iteration 

results in a better end result and is one of the most important parts of design; this is why it is said 

that design is an iterative process. 

…………………………………………………………………………………………………………………………………………………… 

Downloaded from  be.rgpvnotes.in

Page no: 18 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

We hope you find these notes useful. 

You can get previous year question papers at  

https://qp.rgpvnotes.in . 

 

If you have any queries or you want to submit your 

study notes please write us at 

rgpvnotes.in@gmail.com 

 

 

https://qp.rgpvnotes.in/
mailto:rgpvnotes.in@gmail.com

