Module 1 Foundations of Design Processes

Understanding Design

Design is a fundamental human activity that involves creating or arranging elements in a way
that meets specific needs. It is a broad concept encompassing multiple disciplines, from
engineering and architecture to art and music.

1. Defining Design

e The term "design" has various definitions depending on the context in which it is
used.

e Webster’s Dictionary Definition: “To fashion after a plan.”

e A more comprehensive definition of design is:
“Design establishes and defines solutions to and pertinent structures for problems not
solved before, or new solutions to problems which have previously been solved in a
different way.”

o Design is different from discovery, which is the act of finding something that already
exists but was previously unknown.

2. The Role of Design in Engineering
e Engineering heavily involves design, making it the essence of the profession.

e Engineers create new systems, processes, and products or improve existing ones to
meet societal needs.

¢ The design process requires both science and art:
o Science: Techniques, methods, and calculations are used to guide design.
o Art: Creativity and intuition play a significant role in making effective designs.
3. Synthesis and Analysis in Design

¢ Synthesis: The process of "pulling together" various elements to form a functional
design.

¢ Analysis: Understanding how parts of the design will perform before they are
created, using scientific principles and computational tools.

¢ Engineering design involves both of these aspects to create efficient and practical
solutions.

4. Design as a Noun and a Verb

e Asanoun, it refers to a specific plan or the features of a product (e.g., “My new
design is ready for review”).
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e Asaverb, it refers to the process of planning and creating something (e.g., “l have to
design three new models for overseas markets”).

e The term design process is often used to emphasize the action-oriented nature of
designing.

5. Design vs. Invention
e Invention: A step beyond existing knowledge; legally patentable if it is original.

¢ Design: May or may not involve invention but always involves planning and problem-
solving.

6. The Expansive Nature of Engineering Design

¢ Engineering design is not just about applying scientific knowledge but also involves
creativity, problem-solving, and innovation.

e Engineers have the opportunity to bring designs to life and see their practical impact.
e The contrast with science:
o Scientists discover knowledge and phenomena.

o Engineers apply this knowledge to create functional and useful products.
Engineering Design Process

The engineering design process is a structured approach used to develop various outcomes,
including:

¢ The design of products, ranging from consumer goods like refrigerators and power
tools to complex systems such as missile systems and jet transport planes.

¢ The design of complex engineered systems, such as electrical power generation
stations and petrochemical plants.

¢ The design of infrastructure, such as buildings and bridges.

This text emphasizes product design because it is an area where many engineers apply their
skills, and examples from this field are easier to understand without requiring extensive
specialized knowledge.

The engineering design process is examined from three perspectives:

1. Comparison with the Scientific Method — The design process is introduced as a five-
step problem-solving methodology, highlighting its distinction from the scientific
method.

2. Role of Design in Society — Beyond meeting technical performance requirements,
design must address the broader needs of society.
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3. Lifecycle of a Design — The engineering designer’s responsibility extends from
creation to disposal, ensuring environmentally safe practices throughout the design’s
lifecycle.

Additionally, the engineering design process connects to product development,
incorporating business-related considerations such as product positioning and marketing.

Importance of the Engineering Design Process
1. Introduction to the Engineering Design Process

The engineering design process plays a crucial role in the development of high-quality,
competitive products. In the 1980s, U.S. companies began to experience increasing
competition from high-quality overseas products, particularly from Japan and Europe.
Initially, these companies focused on reducing manufacturing costs by:

o Automating production to increase efficiency.
e Outsourcing manufacturing to regions with lower labor costs.
However, a major study by the National Research Council (NRC) revealed that:

¢ The real key to global competitiveness is high-quality product design rather than
just cost-cutting in manufacturing.

¢ This realization led to new research, experimentation, and the development of
better design methodologies.

e What was once considered a routine engineering process became a cutting-edge
discipline in engineering progress.

As a result, modern engineering focuses on design excellence rather than just cost reduction
in manufacturing.

2. Engineering Design’s Role in Cost Management
2.1 Design Decisions and Product Cost
¢ The design phase accounts for only ~5% of the total product cost.

e However, design decisions impact 70-80% of the total cost related to materials,
labor, and capital in manufacturing.

e Decisions made after the design phase can only influence about 25% of the total
cost.

2.2 Cost of Design Errors
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o If design flaws are discovered late in the process (e.g., just before a product launch),
they become very expensive to fix.

e The earlier a mistake is caught, the less expensive it is to correct.
¢ Key Insight:

o Early design decisions have a significant long-term impact on cost efficiency.

3. Engineering Design and Product Quality
3.1 Traditional vs. Modern Approach to Quality

o Traditional quality control focused on inspection after production (finding defects at
the end).

¢ Modern quality control emphasizes designing quality into the product from the
beginning.

3.2 Characteristics of a High-Quality Design

A well-designed product must:
e Maeet customer expectations by providing the right performance and features.
o Be manufacturable without defects at a competitive cost.

3.3 The Role of Design in Manufacturing Success

o If a product is poorly designed, no amount of quality control can fix it during
manufacturing.

¢ Key Insight:

o Defects introduced in the design phase cannot be corrected in
manufacturing.

4. Engineering Design and Product Cycle Time
4.1 What is Product Cycle Time?

¢ Product cycle time refers to the time taken to develop and launch a new product in
the market.

¢ Companies that reduce cycle time can launch new products faster, gaining a
competitive advantage.

4.2 Why is Shorter Cycle Time Important?
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e In competitive markets, new features attract more customers.

o Faster development = Greater market share & profitability.

e Longer availability of a product in the market leads to higher sales and revenue.
4.3 Methods to Reduce Cycle Time

1. New organizational methods — Better teamwork and project management.

2. Computer-aided engineering (CAE) — Using software tools for rapid design iteration.

3. Rapid prototyping techniques — Quickly testing and refining designs.
4.4 Benefits of Reducing Cycle Time

o Lowers overall product development costs.

¢ Increases sales and profitability by staying ahead of competitors.

¢ Key Insight:

o The design process should aim for high-quality, cost-effective products in
the shortest possible time.

The engineering design process plays a crucial role in determining a product’s cost,
quality, and market success.

Companies that focus on effective design rather than just manufacturing efficiency
will be more competitive.

Key focus areas in engineering design:
1. Early design decisions to reduce total costs.

2. Building quality into the design instead of relying on post-production
inspection.

3. Minimizing product cycle time to launch products faster.

By following these principles, engineers can create innovative, high-quality, and cost-
effective products that meet market demands efficiently.
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Figure 1.1: Product cost commitment during phases of the design process. (After Ullman.)
1.2.2 Types of Designs

Engineering design serves various purposes and can take different forms based on the
nature of the problem and the required solution.

1. Original Design (Innovative Design)

o This is the highest level of design, involving a completely new and innovative
concept to meet a need.

¢ Inrare cases, the need itself may also be original.

e Original design often involves invention and can lead to disruptive innovations that
significantly impact existing markets.

e Example: The design of the microprocessor, which introduced groundbreaking
technology with far-reaching consequences.

2. Adaptive Design

e Occurs when an existing design solution is adapted to satisfy a different need,
creating a novel application.

o Example: Adapting ink-jet printing technology to spray binder in a rapid prototyping
machine.

3. Redesign

¢ The most common type of engineering design, aimed at improving an existing
design.

e Objectives of redesign include:
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o Fixing failing components in a product.

o Reducing manufacturing costs without altering the fundamental working
principle.

e Example:
o Changing the shape of a component to reduce stress concentration.
o Substituting materials to lower weight or cost.

e Variant Design: When redesign involves changing specific design parameters without
altering the overall concept.

4, Selection Design

e Involves choosing standard components (e.g., bearings, motors, pumps) from
vendor catalogs rather than designing from scratch.

e Focuses on selecting components that meet the required performance, quality, and
cost criteria.

1.3.1 A Simplified Iteration Model

The engineering design process does not follow a universally accepted sequence of steps.
Different models propose anywhere from 5 to 25 steps to achieve a workable design.

1. Iteration in Design
¢ Morris Asimow was among the first to analyze the design process introspectively.
¢ He described design as a transformation of:
o Specific information on needs
o General information on technology
e The design outcome must then be evaluated to check for deficiencies.
o If deficiencies are found, the design operation must be repeated.
e The feedback loop from the evaluation phase helps improve the design.
o This repetitive process is called iteration.
2. Role of Information in Design
¢ Acquiring accurate information is a critical but challenging step.

¢ Information comes from various technical and practical sources
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FIGURE 1.2 Basic module in the design process. (After Asimow.)

3. Steps in the Iteration Model

Once the design team has the necessary information, they proceed with:
1. Design Execution

o The design team (or individual engineer) applies technical knowledge
through computational or experimental methods.

2. Ideation & Concept Generation

o If necessary, an ideation process is used to create multiple alternative design
concepts.

o Decision-making methods help in selecting the most promising design.
3. Mathematical Modeling & Simulation

o The team may build a mathematical model to simulate the design on a
computer.

o Alternatively, a physical prototype may be created for testing.
4. Evaluation & Refinement
o The design outcome is assessed for performance and fitness for purpose.

o If any deficiencies are found, the iteration cycle repeats to refine the design.
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1.3.2 Design Method Versus Scientific Method

The scientific method and the design method share similarities but also have fundamental

differences in purpose, approach, and outcomes.

1. Scientific Method

e Purpose: To develop new knowledge about natural phenomena.

e Process:
1. Starts with existing knowledge based on observed scientific laws.
2. Scientists question these laws, leading to the formulation of a hypothesis.
3. The hypothesis undergoes logical analysis to confirm or refute it.
4. If inconsistencies are found, an iterative process occurs to refine the
hypothesis.
5. Once validated, the idea is communicated to the scientific community and

expands scientific knowledge.

¢ End Goal: Increase understanding of natural phenomena.

2. Design Method

e Purpose: To create and improve artificial objects or systems based on societal needs.

e Process:

1.

Starts with knowledge of the state of the art (scientific knowledge, materials,
components, market conditions, and economic factors).

The need for a design arises from societal demands, often driven by
economic factors.

A conceptual model (mathematical or physical) is developed to predict the
behavior of the design.

The design undergoes feasibility analysis and iteration to refine it.

Once an acceptable product is developed, it enters production and competes
in the market.

The design loop closes when the product is accepted as part of current
technology, advancing the field.
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e End Goal: Develop useful, functional, and innovative products.
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FIGURE 1.3 Comparison between the scientific method and the design method. (After percy
Hill.)

3. Philosophical Differences (Herbert Simon’s Perspective)
e Science is concerned with naturally occurring objects and phenomena.
o Design focuses on artificial objects, which are created by humans.

e Science studies what exists in nature, while design focuses on creating new things

based on human needs.

4. Identifying Needs in Design
¢ Needs can originate from multiple sources:
o Research and Development (R&D) departments.
o Customer feedback and market demands.
o Government regulations and trade associations.
o Public attitudes and trends (e.g., demand for sustainable products).

e Needs usually arise from dissatisfaction with current products or the desire to:
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o Reduce cost.
o Improve performance and reliability.

o Adapt to market trends and evolving consumer preferences.

1.3.3 Problem solving methodology

1. Introduction to Problem-Solving in Engineering Design

Engineering design is approached as a problem-solving process.

Traditional problem-solving (as in statics, dynamics, and fluid mechanics) deals with
well-defined problems that have a single correct answer.

In contrast, engineering design problems are ill-defined, often requiring multiple
solution alternatives.

Engineering science problem-solving is useful for analyzing and evaluating
components, typically within a larger system.

Engineering design involves creativity, innovation, and decision-making under
uncertainty.

Unlike traditional scientific problems, which focus on discovering existing truths,
design problems involve creating new solutions to meet a specific need.

The iterative nature of design means that designers must revisit earlier steps, refine
solutions, and integrate new insights throughout the process.

Engineering problem-solving requires a blend of technical knowledge, practical
application, and strategic thinking to develop viable solutions.

2. Key Steps in the Design Process

1.

2.

Definition of the Problem

Gathering of Information

Generation of Alternative Solutions

Evaluation of Alternatives and Decision Making
Communication of the Results

Design is iterative, meaning steps often need to be revisited and refined based on
new insights.

Iteration occurs as teams gather new information and refine their approach to the
design task.

3. Definition of the Problem
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e This is the most critical step in the problem-solving process.
e The real design challenge may not be obvious at first glance.

e Problem formulation is often overlooked, even though it significantly impacts the
final design outcome.

e A problem statement should be written, specifying:
o Special technical terms
o Performance objectives
o Constraints
o Prior designs of similar products

¢ Alternative terms: Needs analysis, customer requirements identification, problem
identification.

¢ The design paradox: As teams progress, they gain knowledge about the problem but
have less flexibility to make changes due to cost and time constraints.

100
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the design problem
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FIGURE 1.5 The design paradox between design knowledge and design freedom.
4. Gathering Information
o Identifying the right information is essential for effective design.

e Engineering design problems require information from multiple disciplines.
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e Sources of information:

o

Technical reports from R&D
Trade journals

Patents

Vendor catalogs
Handbooks

Company reports

Internet resources

Expert consultations

e Key questions to consider:

o

What do | need to find out?

Where can | find it?

How credible is the information?
How does it apply to my problem?
When do | have enough information?

What decisions depend on this information?

5. Generation of Alternative Solutions

¢ The ability to generate high-quality design alternatives is crucial.

o

Alternative generation involves:

Creativity techniques
Application of physics and engineering principles
Quantitative reasoning

Experience and intuition

e Unlike traditional problem-solving, design requires the development of multiple

solutions, which must then be evaluated.

e Tools such as brainstorming, morphological analysis, and TRIZ (Theory of Inventive

Problem Solving) can aid in the creative process.

e A broad range of ideas should be considered before narrowing down the most

promising ones.
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6. Evaluation of Alternatives and Decision Making
o Selection of the best alternative often requires decision-making under uncertainty.
e Evaluation tools include:
o Engineering analysis (stress analysis, thermal performance, etc.)
o Design for Manufacturing (DFM) (Chapter 11)
o Cost estimation (Chapter 12)
o Computer simulations
o Prototype testing
o Empirical data collection
¢ Without quantitative evaluation, effective decision-making is impossible.
e Common decision-making techniques include:
o Pugh Chart Method (for structured comparison)
o Weighted Decision Matrix (assigning relative importance to different factors)
o Analytic Hierarchy Process (AHP) (for complex multi-criteria decisions)

e The goal is to select the most feasible and cost-effective design that meets all
requirements.

7. Communication of the Results

o Effective communication ensures that designs meet customer needs.

¢ Deliverables may include:
o Oral presentations to stakeholders
o Written reports
o Engineering drawings
o 3D models and simulations
o Working prototypes

¢ Communication is a continuous process throughout the design project.

o Design documentation is essential for future reference and for improving future
projects.

e Clear, structured documentation prevents misunderstandings and facilitates smooth
project execution.
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o Different communication formats may be required for technical teams, management,
and clients.

8. The Design Paradox

e As knowledge about a design problem increases, the flexibility to make changes
decreases due to time and cost constraints.

e The goal is to learn as much as possible as early as possible in the design process.
e This requires:

o Independent learning

o Efficient information gathering

o Clear communication among team members

o Well-documented processes

¢ The design paradox illustrates the importance of early prototyping and rapid
iterations.

¢ Using simulation tools and early testing can help teams gain insight before reaching a
stage where changes are costly.

Conclusion
e Engineering design is an iterative problem-solving process.

e Unlike traditional engineering problem-solving, it involves multiple possible
solutions.

o Effective design requires defining the problem carefully, gathering relevant
information, generating multiple solutions, evaluating alternatives rigorously, and
communicating findings effectively.

e The design paradox emphasizes the importance of early learning and
documentation to enhance flexibility and effectiveness in decision-making.

¢ Following a structured problem-solving approach increases the likelihood of
successful, innovative, and cost-effective designs.

CONSIDERATIONS OF A GOOD DESIGN

Design is a multifaceted process. To gain a broader understanding of engineering
design, we group various considerations of good design into three categories:

1. Achievement of performance requirements

2. Life-cycle issues
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3. Social and regulatory issues
Achievement of Performance Requirements
1. Introduction

For a design to be considered feasible, it must demonstrate the required performance.
Performance is measured based on:

¢ Function: What the design is supposed to do.

e Behavior: How well the design performs its function.
Performance requirements are categorized into:

e Primary Performance Requirements — Define core functions.

¢ Complementary Performance Requirements — Address factors like durability,
reliability, and maintenance.

2. Primary Performance Requirements
e Focus on the core function of the design.
e Usually expressed in quantitative measures, such as:
o Forces (e.g., weight a robotic arm can lift).
o Strength (e.g., material resistance to stress).
o Deflection (e.g., how much a beam bends under load).
o Energy or power consumption (e.g., efficiency of an electric motor).

e Example: A mechanical system designed to grasp and move an object 50 feet in one
minute.

3. Complementary Performance Requirements
These factors ensure long-term functionality and user satisfaction. They include:

1. Durability and Useful Life — How long the product will last under expected
conditions.

2. Robustness — Ability to withstand variations in the service environment
(temperature, vibration, corrosion, etc.).

3. Reliability — Probability of performing without failure over time.
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4. Ease and Economy of Maintenance — Should be simple, cost-effective, and safe to
repair.

5. Safety Considerations —
o Built-in safety features (e.g., emergency shut-off mechanisms).
o Noise levels within acceptable limits.

6. Legal and Regulatory Compliance —
o Must meet industry standards and government regulations.

o Adherence to design codes and safety standards.

4. Product Structure: Parts, Assemblies, and Components
¢ A product consists of multiple parts (piece-parts).
e Parts vs. Assemblies:
o Part: A single piece that requires no assembly.
o Assembly: Two or more parts joined together.
o Subassemblies: Smaller assemblies within a larger system.

o Component: Used interchangeably with "part" but can refer to small
subassemblies.

o Example: A ball bearing consists of:
o Outerring
o Innerring
o Several rolling balls

o Retainer (to prevent balls from rubbing together)

5. Form vs. Function
e Form: The physical appearance of a component (shape, size, surface finish).
e Function: The role the component plays in the system.

e Form isinfluenced by materials and manufacturing processes.

6. Engineering Analysis and Computer-Aided Engineering (CAE)
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¢ Analysis Techniques:
o Study of geometry, dimensions, and tolerances.
o Features include fillets, holes, walls, ribs, etc.

e Finite Element Analysis (FEA):

o Computer-based method for calculating stress, temperature, and structural
performance.

o Useful for complex geometries and loading conditions.
e Computer-Aided Engineering (CAE):
o Integrates analytical methods with interactive computer graphics.

o Helps in early-stage performance evaluation, improving design efficiency.

7. Environmental Considerations
Designers must account for two key aspects:
a) Service Conditions
¢ The product must operate under:
o Extreme temperature changes.
o Humidity and moisture exposure.
o Corrosion resistance (e.g., rust-proofing).
o Dirt, vibration, and noise factors.
b) Green Design (Design for the Environment - DFE)
e Ensures the product meets sustainability and disposal standards.
e Government regulations often mandate eco-friendly practices.

e Example: Reducing waste, designing for recyclability.

8. Aesthetic and Human Factors
o Aesthetics ("Sense of the Beautiful") — How the product is perceived by users.
o Factors: Shape, color, texture, balance, unity, interest.

e Industrial Designers vs. Engineering Designers:

ATME | CS DESIGN



Module 1 Foundations of Design Processes

o

@)

Industrial Designers: Focus on aesthetics and user experience.

Engineering Designers: Focus on function and performance.

e Human Factors (Ergonomics, Biomechanics, Engineering Psychology)

o

o

Ensures that the design is easy to use.
Examples:
* Visual and auditory displays on control panels.

* Muscle power and response time considerations in manual
operations.

9. Manufacturing Technology and Constraints

¢ The design must be compatible with available manufacturing processes.

e Constraints may arise from:

@)

o

o

Material selection.
Company equipment limitations.

Manufacturing cost-efficiency.

10. Cost Considerations

e Every design must meet economic feasibility requirements.

e Major cost factors include:

1.

2.

3.

4.

5.

Product development cost — Expenses related to research and prototyping.
Initial product cost — Manufacturing and assembly costs.

Life-cycle cost — Maintenance and operational costs over time.

Tooling cost — Equipment and setup expenses for manufacturing.

Return on investment (ROI) — Expected financial return from the product.

¢ Cost as a Design Constraint:

o

o

If preliminary cost estimates are too high, the design project may be
abandoned.

Cost must be considered at every stage of the design process.
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Total Life Cycle

1. Introduction to Total Life Cycle

¢ The total life cycle of a part begins with identifying a need and ends with the
retirement and disposal of the product.

e A product's life cycle involves multiple stages, including:
o Material selection
o Manufacturing
o Usage and maintenance

o Recycling or disposal

2. Material Selection and Its Impact
o Material selection is a critical factor in determining a product’s life cycle.
e Selection is influenced by:
1. Service conditions — The environment in which the product will operate.
2. Material properties — Strength, durability, corrosion resistance, etc.
Key Material Properties to Consider:
e Static Yield Strength — Ability to resist permanent deformation.
o Fatigue Resistance — Withstanding repeated stress cycles.

e Creep Resistance — Performance under prolonged exposure to stress at high
temperatures.

¢ Toughness — Resistance to impact and sudden forces.

o Ductility — Ability to stretch without breaking.

e Corrosion Resistance — Ability to withstand environmental degradation.

¢ Wear Resistance — Durability against friction and erosion.
Environmental Stability of Materials

e Material performance can change over time due to exposure to environmental
conditions.

e Key considerations:
o Does the microstructure change with temperature?
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o Does the material corrode over time?

o How quickly does it wear out under stress?

3. Material Selection and Manufacturability

e Material selection must align with manufacturing processes (e.g., casting,
machining, welding).

e Trade-off:
o Minimizing cost vs. Maximizing durability

o Key Factors in Manufacturability:
o Ease of processing (machinability, formability, weldability).
o Suitability for mass production.

o Cost-effectiveness.

4. Durability and Reliability Considerations
e Durability:
o Defined as the length of time a product can function effectively.
o Affected by corrosion, wear, and fracture.
o Reliability:

o A statistical measure of a product's ability to function for a specific time
period.

o Expressed as the probability of achieving a service life goal.

5. Societal and Environmental Concerns
e Energy Conservation
o Energy efficiency is now a critical design factor.

o Designs should aim to reduce energy consumption in manufacturing and
usage.

« Material Conservation

o Reducing material waste in production.
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o Using lighter, stronger materials to enhance efficiency.
e Environmental Protection

o Design should minimize pollution and waste generation.

o Growing emphasis on eco-friendly materials and processes.

Design for Recycling

e Increasing focus on recyclable materials (e.g., aluminum, plastics).
¢ Challenges in Recycling:

o Sorting and processing used materials.

o Ensuring recycled materials retain quality.

6. The Materials Cycle (Life Cycle of Production and Consumption)

¢ The materials cycle describes how materials are extracted, processed, used, and
eventually discarded or recycled.

e Stages of the Materials Cycle:
1. Raw Material Extraction:
* Mining (e.g., metal ores), drilling (e.g., oil), or harvesting (e.g., cotton).
2. Material Processing:

= Refining (e.g., aluminum ingots) into usable materials (e.g., aluminum
sheets).

3. Product Design and Manufacturing:

* Engineers design products using processed materials.
4. Product Usage:

* Products are used until they wear out or become obsolete.
5. End-of-Life:

» Disposal: Products are discarded, often leading to waste
accumulation.

* Recycling: Materials are reclaimed and reintroduced into the cycle.
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7. The Importance of Recycling and Waste Management
o Traditional Disposal Problems:
o Depletion of natural resources.
o Environmental pollution.
e Recycling as a Sustainable Solution:
o Reuses materials, reducing the need for new raw materials.
o Example: Recycling aluminum beverage cans reduces mining needs.
e Challenges in Implementing Recycling:
o Economic feasibility.
o Efficiency of material recovery.

o Maintaining material quality after recycling.

8. Conclusion

¢ Total Life Cycle involves design, material selection, manufacturing, use, and
disposal.

¢ Engineers must balance performance, cost, durability, and environmental impact.

o The shift toward sustainability is influencing material choices and manufacturing

processes.

¢ Recycling and eco-friendly design are becoming essential considerations.
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FIGURE 1.7 The total materials cycle. (Materials and Man’s Needs: Materials Science and
Engineering. Washington, DC: National Academy of Sciences, 1974.)

Regulatory and Social Issues in Design
1. Introduction to Regulatory and Social Issues

o Design practice is heavily influenced by specifications and standards established by
various engineering and regulatory organizations.

e The goal of these regulations is to ensure public health, safety, security, and
environmental protection.

o Key Regulatory Considerations:
o Compliance with engineering standards.
o Ethical responsibility to protect users from hazards.

o Legal requirements imposed by government agencies.

2. Engineering Standards and Specifications

e Standards define the minimum acceptable criteria for products, ensuring
consistency and safety.

e Organizations involved in standard-setting:

o ASTM (American Society for Testing and Materials) — Sets material and
performance standards.

o ASME (American Society of Mechanical Engineers) — Defines mechanical
design codes.

o ISO (International Organization for Standardization) — Provides global
technical standards.

o |EEE (Institute of Electrical and Electronics Engineers) — Regulates electrical
and electronic engineering.

o NFPA (National Fire Protection Association) — Establishes fire safety
regulations.

Voluntary vs. Mandatory Standards

e Many standards are voluntary, meaning companies choose to follow them for best
practices.
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e Some legally mandated standards are enforced by regulatory bodies (e.g., OSHA,
EPA).

e When standard regulations are insufficient, companies may develop their own
internal standards to ensure high performance.

3. Ethical and Legal Responsibilities of Engineers

¢ Engineers must follow the codes of ethics set by professional societies (e.g., ASME,
IEEE).

e Key Ethical Obligations:
1. Protect public health and safety.
2. Ensure product reliability and functionality.
3. Prevent hazardous unintended uses of products.
4. Provide adequate safety warnings.

e Government regulations enforce these ethical principles through strict laws.

4. Key Regulatory Agencies and Their Impact on Design
4.1 Occupational Safety and Health Administration (OSHA)
¢ OSHA enforces workplace safety regulations.
¢ Design impact:
o Ensuring safe machinery and equipment operation.

o Reducing workplace hazards such as exposure to toxic substances, electrical
risks, and mechanical dangers.

4.2 Consumer Product Safety Commission (CPSC)
¢ Regulates consumer products to prevent harm to users.
¢ Key responsibilities:
o Anticipating unintended uses of products that may lead to hazards.
o Designing products to prevent foreseeable misuse.
o Providing clear safety warnings when risks cannot be completely eliminated.

4.3 Environmental Protection Agency (EPA)
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e Focuses on environmental conservation and pollution control.
e Design impact:
o Using eco-friendly materials.
o Reducing pollution and hazardous waste.
o Ensuring products comply with emission and energy efficiency standards.
4.4 Department of Homeland Security (DHS)
o Regulates security-sensitive products and infrastructure.
e Design considerations:
o Strengthening cybersecurity in digital products.

o Enhancing physical security in public infrastructure.

5. Designing for Safety and Preventing Hazardous Use
e A product must be designed to eliminate risks, especially in unintended uses.
¢ Methods to prevent hazardous use:

1. Functional Safety Design — Designing components that automatically prevent

unsafe use.

2. Clear Safety Labels and Warnings — Attaching permanent warnings to

products.

3. User Education — Ensuring product manuals and advertisements do not
create false expectations.

o Example: A ladder must have clear weight and height restrictions to prevent misuse.

6. Human Factors Engineering and Ergonomics

¢ Human factors engineering ensures products are designed for safe and efficient
human use.

o Key Considerations:
o Biomechanics — Designing for physical capabilities and limitations.

o Ergonomics — Making products comfortable and easy to use.
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o Engineering Psychology — Optimizing human interaction with controls and
interfaces.

Applications of Human Factors Engineering:
¢ Instrument Panels and Displays: Ensuring controls are intuitive and easy to read.
o Safety Mechanisms: Designing emergency stops, alarms, and warning indicators.

¢ Muscle Power and Response Time Considerations: Preventing user fatigue and
strain injuries

SOCIETAL CONSIDERATIONS IN ENGINEERING DESIGN

The Accreditation Board for Engineering and Technology (ABET) states in its Code of Ethics
that:

"Engineers shall hold paramount the safety, health, and welfare of the public in the
performance of their profession."

This principle underscores the ethical responsibility of engineers to prioritize public well-
being in all aspects of their work. This has been a foundational principle in engineering
ethics since the early 20th century, though societal expectations and technological
advancements have significantly shaped its interpretation over time.

Changing Societal Expectations and Their Impact

Over the decades, shifts in societal values, technological advancements, and global
communication have influenced how this fundamental principle is understood and applied.
Key factors affecting this shift include:

1. Greater Public Awareness

o The 24-hour news cycle, social media, and the Internet allow society to
quickly learn about engineering-related failures, ethical violations, or
technological risks.

o The public is now more informed and proactive in holding professionals
accountable for their actions.

2. Higher Standards of Living and Education

o Increased levels of education and economic development have made society
more demanding of ethical accountability.

o People expect safer, more reliable, and environmentally friendly products and
infrastructure.

3. Technology as an Integral Part of Life
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o Society is deeply intertwined with complex technological systems, including:
» Electric power grids
= National air traffic control networks
* Wireless communication and Internet services

o Engineering decisions now have broader consequences, affecting millions of
lives.

Societal Forces Influencing Engineering Design

As a response to real or perceived risks, society has developed mechanisms to regulate and
control technological change. The major social forces that shape engineering ethics include:

1. Occupational Safety and Health
o Regulations to protect workers from unsafe working conditions.
o Mandatory safety standards in engineering design.
2. Consumer Rights
o Increased product liability concerns.
o Engineers must ensure that products meet safety and usability standards.
3. Environmental Protection
o Stricter environmental regulations.
o Engineers are expected to prioritize sustainability and eco-friendly designs.
4. Freedom of Information and Public Disclosure

o Transparency and ethical responsibility in disclosing potential risks associated
with technology.

Effects of Societal Regulations on Engineering Design

These societal pressures have significantly altered how engineers approach their work. Some
key effects include:

1. Greater Legal Oversight
o Increased influence of lawyers in engineering decisions.

o More frequent product liability actions in cases of failure or perceived
negligence.

2. Longer Planning and Design Phases
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o Engineers must anticipate future risks and impacts before executing designs.
o Greater emphasis on predictive modeling and risk assessment.
3. Defensive Research and Development (R&D)

o Companies invest in R&D not only to innovate but also to avoid litigation
risks.

4. Sustainability as a Priority

o Engineers must balance performance, economic feasibility, and
environmental impact.

o Greater emphasis on designing products with long-term sustainability.
Government’s Role in Engineering and Technology

Government agencies interact with technology in multiple ways, influencing engineering
practices and decisions. The five major roles of government in technology include:

1. Stimulating Free Enterprise
o Encouraging innovation through tax policies and incentives.
2. Influencing Economic Growth

o Controlling interest rates and venture capital availability to shape
technological investments.

3. Serving as a Major Technology Customer
o Military and defense industries often drive high-tech advancements.
4. Funding Research and Development
o Government grants and funding for technological breakthroughs.
5. Regulating Technology
o Setting safety standards, environmental laws, and ethical guidelines.
The Future of Engineering Ethics and Design

As technology advances, engineers will be responsible for designing increasingly complex
systems, often requiring:

¢ Integration of public policy considerations into technical designs.
e Recognition of the role of social dynamics in technology adoption.

¢ Balancing technical feasibility with economic, ethical, and legal constraints.

ATME | CS DESIGN



Module 1 Foundations of Design Processes

Additionally, engineering safety standards are no longer fixed values but are influenced by
evolving public policies and industry expectations. This requires a dynamic, multi-
disciplinary approach that includes ethics, economics, and social sciences.

Conclusion

The first fundamental canon of engineering ethics—prioritizing public safety and welfare—
remains a cornerstone of professional responsibility. However, societal expectations and
technological advancements continuously shape its application. Engineers today must
navigate legal, ethical, and regulatory landscapes while designing solutions that meet both
technical and social demands. The future will likely bring even greater ethical complexity,
requiring engineers to develop broad knowledge in ethics, public policy, and sustainability
alongside technical expertise.

PROBLEM DEFINITION AND NEED IDENTIFICATION
Introduction to the Engineering Design Process
1. The Complexity of Design

o Design is an intricate and multidisciplinary process requiring careful planning and
early-stage focus.

e The success of the final product depends heavily on an accurate and complete
understanding of customer needs.

o Before entering the concept generation phase, the design must go through rigorous
technical and business approvals.

2. Initial Approval and Review Process
¢ The product description must gain approval from:
o Technical and business discipline specialists
o Managers across various departments
o Research & Development (R&D) divisions
o Employees, key suppliers, and sometimes customers

¢ New product ideas must align with the company’s technology strategy, market goals,
and resource availability.

e Senior management reviews competing product ideas and decides where to invest
resources.

Preliminary Product Development Planning
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o Several key decisions are made before the formal engineering design process begins.

e Chapter 2 topics (such as product/process cycles, markets, marketing, and
technological innovation) highlight necessary planning steps.

e These early decisions ensure that the design fits market demand and corporate
strategy before engineers start working on it.

FIGURE 5.1 The engineering design process showing problem definition as the start of the
conceptual design process.
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Problem Definition: The First Step in Product Development

Identifying customer needs is the foundation of product development.

A well-defined problem is critical for reaching an effective and competitive design

solution.

The ultimate goal is market success, which depends on satisfying customer

expectations.

Figure 5.1 illustrates how problem definition serves as the starting point of the

conceptual design process.

Customer-Centric Approach in Engineering Design
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e Traditional engineering design often prioritizes technical functionality, but this
chapter emphasizes customer satisfaction.

e The problem definition phase is essentially the need identification phase.

e This phase relies heavily on Total Quality Management (TQM) principles, which
prioritize customer-driven design.

Quality Function Deployment (QFD) and the House of Quality (HOQ)

e QFD is a structured approach used to capture the "voice of the customer" and
integrate it throughout the product development process.

¢ One of the most powerful tools in QFD is the House of Quality (HOQ), which
translates customer needs into engineering specifications.

e QFD ensures that customer requirements drive design decisions, improving
product-market fit.

Product Design Specification (PDS)
e The PDS is a crucial document that guides the entire product development process.

¢ At this stage, the design team creates an initial version of the PDS, which evolves
throughout development.

e The PDS is not finalized until the detailed design phase, ensuring flexibility as the
project progresses.

Conclusion

o Design begins with problem definition, which is rooted in understanding customer
needs.

e« TQM principles and QFD tools ensure customer satisfaction is central to the design
process.

e The PDS serves as the governing document, evolving as the design matures.

¢ Successful engineering design requires a balance between technical feasibility,
business strategy, and customer expectations.

This introduction sets the stage for deeper exploration into the engineering design process
and how it evolves from problem identification to final product realization.
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Problem Definition in Engineering Design
1. Understanding Problem Definition

Problem definition serves as the starting point of the design process, beginning with the
identification of an unmet need and concluding with a detailed product design specification
(PDS). The process refines the initial need statement until the design can be realized in
physical form.

¢ The unmet need may be identified by:
o The marketing department
o A corporate design committee
o A customer or end user
o An entrepreneur or innovator
2. Problem Definition in the Product Development Process (PDP)

The Product Development Process (PDP) (as shown in Figure 5.1) provides a structured
approach to developing a clear and comprehensive design specification.

e This process involves information gathering from multiple sources.

¢ The initial problem statement evolves with increasing detail as investigation
progresses.

¢ Understanding the customer’s requirements alone is not sufficient; the design team
must define key parameters that shape the final product.

3. Design Parameters and Their Role in Problem Definition
Design parameters are essential in describing and developing a product.

o Design Parameter: A set of attributes that determine the form and function of a
design.

o Includes features and values that define performance and usability.

o Design choices influence product performance, but final validation occurs
during the embodiment design phase.

o Design Variable: A parameter that the design team can control or modify.
o Example: The gear ratio in an electric motor’s rotating shaft.

e Constraints: A fixed design parameter that limits design flexibility.
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o Constraints can arise from weight limits, legal regulations, standard
components, or fixed size requirements beyond the control of the design
team.

4. Structuring the Initial Problem Statement
A well-structured problem definition should include:
1. Identification of the unmet need.
2. Details on how the need should be fulfilled.
3. Known attributes and performance expectations for the product.
4. Target values for design variables.
5. Fixed constraints and limitations.

Some constraints serve as target values, guiding design choices, while others are fixed
attributes that cannot be altered.

5. Conclusion

e Problem definition is a critical foundation for engineering design, shaping the
product’s development and feasibility.

e A strong design specification depends on clearly defining parameters, constraints,
and design variables.

o The PDP framework ensures a structured approach, guiding designers from initial
need identification to final realization.

e Establishing a precise and detailed problem definition enhances design effectiveness
and increases the likelihood of a successful final product.
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