
Lecture 4: Quality of 
Design Techniques

• Failure Mode and Effects 
Analysis (FMEA): design and 
process.

• Quality Function Deployment 
(QFD).

• Value analysis and engineering.
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Introduction to FMEA  What is FMEA?

 Design vs. Process FMEA.

 The importance in Industry 4.0.
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Good morning/afternoon everyone. Today, we delve into a critical tool in quality 
management and product development, the Failure Mode and Effects Analysis, or as it's 
more commonly referred to, FMEA.
FMEA is a step-by-step approach used to identify and analyze potential failures in a product 
or process. When we say 'failure,' we're talking about the inability of a product or system to 
perform its intended function. Now, imagine launching a product without understanding 
where it might fail. Not only can it be costly, but it can tarnish a brand's reputation, or 
worse, endanger lives. That's where FMEA comes in.
Broadly speaking, there are two main types of FMEA: Design FMEA (DFMEA) and Process 
FMEA (PFMEA). While they share the same foundational principles, their applications vary.
•DFMEA focuses on potential failures in product design. It asks questions like, 'What if this 
component fails? What would be the consequence of that failure on the overall product?'
•PFMEA, on the other hand, zeroes in on potential failures in the manufacturing or 
assembly process. It deals with questions such as, 'What if this machine setting is off? How 
might that impact the final product?'
In the context of Industry 4.0, FMEA's relevance has only amplified. With the advent of 
smart factories and interconnected systems, a minor error can have a cascading effect 
across an entire production chain. Through FMEA, we're not just preemptively identifying 
potential failure points, but we're also setting up a robust design and production process 
resilient to disruptions.
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In the upcoming slides, we'll dive deeper into the methodology, techniques, and real-world 
applications of FMEA. Let's embark on this journey to ensure the highest quality and 
reliability in our products and processes.
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Components 
of FMEA

• Identification of Failure Modes.

• Determining Effects & Severity.

• Cause Analysis.

• Calculating Risk Priority Numbers 
(RPN).
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Having introduced the significance of FMEA, it's now crucial to understand its architecture, 
which consists of several key components. Each component plays a specific role in the 
overall analysis, creating a holistic perspective on potential failures and their impacts.
1. Identification of Failure Modes: At the heart of FMEA is the identification of failure 
modes. A failure mode refers to the manner in which a product or process could potentially 
fail to meet its intended function or requirement. Think of it as the 'what could go wrong' 
aspect of the analysis. For instance, in a vehicle braking system, a failure mode might be 
the brake pads not engaging the brake rotor.
2. Determining Effects & Severity: Once we've identified potential failure modes, we need 
to outline their potential effects. This means analyzing the consequences of each failure 
mode. What would happen if a given failure occurs? Sticking with our vehicle example, if 
the brake pads don't engage the rotor, the immediate effect is that the vehicle won't stop, 
leading to potential accidents. Following this, each effect is assigned a severity rating, 
typically on a scale of 1 to 10. A rating of 1 indicates a minor nuisance, whereas a 10 
signifies potential catastrophic failure leading to injury or death.
3. Cause Analysis: Delving deeper into the 'why,' we investigate the root causes of each 
identified failure mode. This can involve multiple potential causes for a single failure mode. 
For our brake system example, causes could range from worn-out brake pads, to a leak in 
the brake fluid line, to a malfunctioning brake sensor. By understanding these causes, we 
can then devise strategies to mitigate them.
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4. Calculating Risk Priority Numbers (RPN): The Risk Priority Number, or RPN, is a 
quantitative tool in the FMEA process. It's derived by multiplying three factors: Severity, 
Occurrence (the likelihood of the failure occurring), and Detection (the probability of the 
failure being detected before it impacts the customer). So, RPN = Severity x Occurrence x 
Detection. This number aids organizations in prioritizing which failure modes require urgent 
attention. An RPN of high value signifies a pressing need for corrective action.
In essence, FMEA is a systematic, structured methodology that focuses on proactive risk 
management. Through the identification of failure modes, understanding their effects, and 
pinpointing their root causes, it allows businesses to mitigate risks efficiently. The RPN 
further refines this by providing a metric that prioritizes these risks, ensuring that the most 
critical issues are addressed first.
In the next slides, we'll delve into how to effectively utilize this method and some real-world 
applications.
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Benefits of 
Implementing 
FMEA
 Early detection of potential 

failures.

 Cost savings by proactive 
analysis.

 Improving product reliability 
and safety.

 Enhancing customer 
satisfaction.
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Building on our understanding of the key components of FMEA, let's now explore the 
myriad of benefits that arise from its diligent implementation. While we know it's centered 
around analyzing potential failures, the advantages extend beyond mere risk assessment.
1. Early Detection of Potential Failures: One of the principal strengths of FMEA is its 
proactive approach. Rather than waiting for failures to manifest in real-world scenarios, this 
method allows businesses to predict and address them during the design or process 
development stages. Picture a new aircraft engine being tested. By using FMEA during the 
design phase, engineers might identify that under specific conditions, a crucial component 
could fail. By addressing this before the engine is ever placed in a real plane, countless lives 
and resources can be saved.
2. Cost Savings by Proactive Analysis: A natural consequence of early failure detection is 
significant cost savings. Addressing potential design or process defects post-production, or 
worse, post-deployment, can be prohibitively expensive. Recalls, warranty claims, litigation, 
and loss of brand trust all come with hefty price tags. By identifying and remedying issues 
early on, companies can sidestep these considerable costs. The old adage holds true: 'An 
ounce of prevention is worth a pound of cure.'
3. Improving Product Reliability and Safety: Through FMEA, businesses aren't just avoiding 
immediate mishaps; they're also building longer-lasting, safer products. A product that has 
undergone thorough failure mode analysis is less prone to unexpected breakdowns or 
wear-and-tear issues. This robustness naturally leads to increased safety. Take, for instance, 
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medical devices such as pacemakers. Their reliable functioning is paramount, and the use of 
FMEA ensures they operate without hitches, upholding patient safety.
4. Enhancing Customer Satisfaction: At the end of the day, a reliable and safe product 
translates to a satisfied customer. When consumers invest in a product, they're not just 
purchasing a physical item; they're buying peace of mind. Knowing that a product has been 
meticulously analyzed for potential failures fosters trust. And a trusting customer is not only 
likely to be a repeat customer but also an advocate, further bolstering a company's 
reputation and market share.
In wrapping up this slide, FMEA isn't just a technical tool; it's a strategic asset. Its 
implementation reverberates through all facets of a business, from the drawing board to the 
end user. By committing to this method, companies are essentially investing in their future —
ensuring longevity, sustainability, and a robust bottom line.
As we move forward, we'll look into how to successfully implement FMEA and learn from 
instances where it's made a significant difference.
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Practical Steps in 
Performing FMEA

 Assemble the team.

 Define the scope 
(product/system/process).

 Populate FMEA template: 
failure mode, effects, causes, 
and controls.

 Rank, prioritize, and take action.
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Having established a strong foundational understanding of FMEA and its importance, it's 
time to dive deeper into the practicalities of implementing this invaluable method. The 
process might seem intricate at first, but with structured steps and a clear understanding, it 
can be seamlessly integrated into any project or system.
1. Assemble the Team: Every successful FMEA begins with assembling a multidisciplinary 
team. This team should ideally comprise individuals from diverse backgrounds — design 
engineers, manufacturing experts, quality control professionals, and even frontline 
operators. The logic here is simple. Different perspectives bring forth a more 
comprehensive understanding of potential issues, ensuring that no stone remains 
unturned. Moreover, a diverse team aids in fostering a collaborative environment, essential 
for addressing and rectifying complex issues.
2. Define the Scope: Clarity is paramount in FMEA. Before delving into the analysis, it's 
essential to explicitly define the scope. Are we analyzing a specific component of a product, 
an entire system, or perhaps a manufacturing process? Pinpointing the scope ensures that 
the team remains focused, maximizing efficiency and effectiveness. It also aids in ensuring 
resources are appropriately allocated, be it time, personnel, or tools.
3. Populate FMEA Template: With the team in place and the scope defined, the next step is 
to populate the FMEA template. This structured document is where the magic happens. 
Here, the team will list potential failure modes of the defined scope. For each failure mode, 
the team will then elucidate its potential effects, the potential causes leading to the failure, 
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and the existing controls in place to prevent or detect it. For instance, let's consider a car's 
braking system. A potential failure mode could be the brake pads wearing out prematurely. 
The effect? Reduced braking efficiency. The cause? Perhaps subpar material used in the 
brake pads. And the control? Regular maintenance checks to ensure the brake pads are in 
optimal condition.
4. Rank, Prioritize, and Take Action: Once the FMEA template is populated, the team needs 
to rank each failure mode based on its severity, occurrence, and detection — leading to the 
calculation of the Risk Priority Number (RPN). This quantification aids in prioritizing which 
failure modes need immediate attention. Naturally, issues with a high RPN — those that are 
severe, likely to occur, and hard to detect — take precedence. Once prioritized, the team can 
then outline corrective actions to mitigate these risks, setting the stage for a more reliable 
and robust design or process.
In summary, while the steps might seem linear, FMEA is a dynamic process. It demands 
regular reviews and updates, ensuring that as products or processes evolve, potential risks 
are continually identified and addressed. As we transition to our next slide, we'll delve into 
real-world applications, showcasing how businesses have tapped into the power of FMEA to 
revolutionize their offerings.
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Real-world 
FMEA 
Application
 Industries that rely heavily on 

FMEA.

 Brief case example.

 Continuous improvement 
through revisiting FMEA.
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As we navigate through the labyrinth of design and manufacturing, it becomes increasingly 
clear how pivotal FMEA is, especially when the stakes are high. So, where exactly is FMEA 
most prevalently applied, and what tangible results have organizations garnered from its 
implementation?
1. Industries Relying on FMEA: At the heart of FMEA is risk mitigation, and there's no 
denying that certain sectors simply can't afford to gamble. The aerospace and automotive 
sectors, for example, are prime arenas for FMEA. Given the critical nature of their products 
— airplanes and vehicles — any failure could have catastrophic implications, not just 
financially, but more crucially, in terms of human lives. Similarly, the healthcare industry 
employs FMEA to optimize medical equipment and processes, ensuring patient safety 
remains paramount. And let's not forget electronics, where the rapid pace of innovation 
demands constant quality checks, making FMEA an essential tool.
2. Brief Case Example:

Delving into the intricate world of risk assessment, there's no better realm to witness FMEA 
in action than the automotive industry. Here, intricacies are abundant, the margin for error 
is razor-thin, and the stakes — incredibly high.
1. Automotive Industry and FMEA: The automotive sector, with its myriad components 
and requirement for precision, has been a longtime proponent of FMEA. Every vehicle on 
the road today is a culmination of engineering genius and meticulous risk analysis. At the 
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forefront of this marriage between design and safety is the FMEA process. And a prime 
exemplar of this approach is none other than General Motors (GM).
2. General Motors (GM) - Leading the Charge in FMEA: GM, a stalwart in the automotive 
arena, has leveraged FMEA extensively to underpin its reputation for robust and reliable 
vehicles. One notable instance was their approach to battery system development for 
electric vehicles (EVs). With the EV boom, the safety and reliability of battery systems 
became paramount. GM utilized FMEA to thoroughly analyze potential failure modes in 
battery design and manufacturing processes. By predicting potential problems and 
addressing them preemptively, GM ensured not only the longevity of their batteries but also 
the safety of their vehicles and, more importantly, their drivers and passengers. This rigorous 
approach enabled GM to offer extensive warranties on their EV batteries, underscoring their 
confidence in the product's reliability. [Reference: National Highway Traffic Safety 
Administration. (2012). Interim Safety, Reliability, and Performance Assessment Report -
Chevrolet Volt Battery Incident Report.]
3. Continuous Improvement through Revisiting FMEA: As iterated before, the magic of 
FMEA lies not just in its initial implementation but in its iterative nature. Companies like GM 
continuously revisit their FMEA assessments, adapting to new technological advances and 
design innovations. This cyclical approach ensures that as vehicles evolve, the safety and 
reliability metrics are not just maintained but are constantly enhanced.
To encapsulate, while FMEA offers a structured methodology for risk assessment, its true 
brilliance shines through in real-world applications. It's the beacon that guides industries like 
automotive through the treacherous terrains of potential failures, ensuring that the journey, 
both metaphorically and literally, is smooth and safe.

3. Continuous Improvement through Revisiting FMEA: While an FMEA analysis can provide 
a robust safety net, the dynamic nature of industries means it's never a one-and-done affair. 
As products evolve, technologies advance, or manufacturing processes undergo 
transformation, previous risk assessments might no longer remain exhaustive. Therefore, it's 
imperative for organizations to continually revisit their FMEA analyses, ensuring that they 
stay ahead of the curve, preempting failures, and consistently delivering top-notch products 
and services.
In closing, FMEA isn't just a technique; it's a mindset. It fosters a culture of proactive 
thinking, allowing industries to not only tackle challenges head-on but also to anticipate 
them, ensuring they remain at the forefront of innovation, safety, and customer satisfaction. 
As we transition into our next section, we'll unravel another analytical powerhouse in the 
design realm: Quality Function Deployment.
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Introduction 
to QFD

 Definition of QFD.

 Historical context: From Japan 
to global adoption.

 QFD's role in connecting 
customer requirements to 
design specifications.
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Quality Function Deployment, often abbreviated as QFD, is a profound and holistic 
approach in the world of product design and manufacturing. But before we dive into the 
mechanics and marvels of QFD, it's crucial to understand its roots and raison d'être.
1. Definition of QFD: At its core, QFD can be perceived as a structured method used to 
transform qualitative user demands into quantitative parameters. This transformation then 
informs each stage of product development and production. In simpler terms, QFD can be 
imagined as a bridge: one that connects what the customer wants with how a product is 
designed and produced.
2. A Glimpse into History: The 1960s witnessed the birth of QFD in Japan. Initially, it was a 
response to the challenge of translating consumer desires into the design of a product, 
notably in the shipbuilding and automobile industries. The Japanese were looking for a way 
to design products that would resonate deeply with consumer needs and preferences. 
Their quest led them to QFD. Its success in Japan can be understood by the sheer quality 
and competitiveness of Japanese products, especially in the automotive and electronics 
sectors, during the latter half of the 20th century. Recognizing this, by the 1980s, industries 
around the globe started adopting QFD, making it an integral part of their product design 
and development processes.
3. Bridging Desires with Design: Now, one might wonder, why was there a need for such a 
methodology? The answer lies in the ever-evolving and diverse nature of customer 
requirements. As industries expanded and competition surged, it wasn't enough to just 
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produce; it became essential to produce what the consumer truly desired. QFD emerged as a 
beacon in this challenge. By methodically translating customer requirements into design 
specifications, it ensured that the voice of the customer was deeply embedded into the 
product, resonating in every feature, function, and facet of the design.
In essence, QFD is not just a design tool; it's a philosophy, a commitment to ensuring that 
customer desires and product design walk hand in hand, ensuring products that are not only 
functional but also deeply aligned with customer aspirations.
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The House of Quality

 Visual representation of QFD.

 Interrelationships between customer needs 
and design parameters.

 Hierarchical structuring from top-level 
needs to detailed specifications.
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Moving from the philosophical underpinnings of QFD, we dive into its most iconic 
representation: The House of Quality. This framework forms the foundation of QFD, 
enabling a systematic and visual translation of customer needs into design parameters. 
Let's unpack its intriguing structure.
1. Visual Representation of QFD: When you first encounter the House of Quality, it might 
seem like an intricate matrix with multiple data points. But in essence, it is a well-organized 
structure, mirroring the architecture of an actual house, thus the name. At its very top, you 
find customer needs, and on the left, the technical requirements or design parameters. The 
central matrix is where these two realms converse, allowing us to determine how each 
customer need is satisfied by various design parameters. And much like any well-designed 
house, it has provisions for roofs, walls, and a foundation which we'll delve into.
2. The Interplay of Needs and Parameters: This central matrix, the heart of the House of 
Quality, is where the magic happens. It's where customer needs and technical 
requirements intersect. By using symbols or numbers, we can indicate the strength and 
nature of the relationship between a particular customer need and a design parameter. For 
instance, a strong direct relationship might be represented by a large filled circle, while a 
weaker one could be depicted by a small circle. This visualization allows product designers 
and engineers to instantly discern which technical elements are crucial for fulfilling specific 
customer desires.
3. A Hierarchical Approach: But the House of Quality doesn't stop at just linking needs and 
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parameters. It delves deeper, ensuring that the translation from requirements to design is 
comprehensive. Let's break down the hierarchy:
•The Roof: Residing above the main matrix, the roof of the house captures the 
interrelationships between different design parameters. It helps identify synergies or 
conflicts between them, thus providing a broader perspective on the design dynamics.
•The Walls: On the right side, you have a scale that evaluates the importance of each 
customer need, ensuring priority is given where it matters the most to the customer.
•The Foundation: At the bottom, the House of Quality evaluates competitive benchmarking, 
helping designers understand how competing products fare in meeting customer needs, 
offering valuable insights into potential areas of differentiation or improvement.
By traversing from top-level needs to detailed specifications, the House of Quality ensures 
nothing is lost in translation. It's a beacon that illuminates the path from abstract customer 
desires to tangible product features.
In summary, the House of Quality isn't just a matrix; it's a narrative. A story of how a product 
comes to life, ensuring it resonates deeply with its intended users, addressing their needs 
and aspirations at every touchpoint.
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Benefits of 
Using QFD

 Ensuring customer-centric 
design.

 Prioritizing features based on 
customer importance.

 Streamlining product 
development processes.

 Reducing costly design changes 
and iterations.
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When we think of QFD, it's not just a methodological approach to design, but it's 
fundamentally a philosophy. At the heart of QFD lies the commitment to putting the 
customer first and ensuring the end product genuinely resonates with their needs. Today, 
let's take a deep dive into the significant benefits of adopting QFD in product design and 
development.
1. Ensuring Customer-centric Design: At the core of any successful product is a satisfied 
customer. But how often have we seen products in the market that seem disjointed from 
what the consumer truly needs? The answer, unfortunately, is 'quite often'. QFD stands as a 
bulwark against such missteps. By starting with an understanding of customer needs and 
directly translating these into design specifications, QFD ensures that the voice of the 
customer is integrated throughout the product's design. It's not just about building a 
product right, but about building the right product.
2. Prioritizing Features Based on Customer Importance: One of the key challenges in 
product design is deciding which features to include and which to leave out. Resources, 
after all, are finite. QFD's House of Quality, with its weighted system, acts as a guiding star. 
By assigning values to customer needs based on their importance, it provides a clear 
indication of which features are non-negotiable and which might be 'nice-to-haves'. This 
prioritization not only ensures that the most crucial customer needs are addressed but also 
helps allocate resources more efficiently.
3. Streamlining Product Development Processes: Think of QFD as the compass in the 
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often-turbulent seas of product development. By providing a clear roadmap of what needs to 
be achieved, QFD helps in reducing ambiguities. Teams have a clearer vision of the end goal, 
leading to better alignment and synergy. The process thus becomes more streamlined, with a 
sharp focus on what truly matters. Moreover, by using tools like the House of Quality, there is 
a structured way to capture, evaluate, and translate requirements, leading to more efficient 
and effective design phases.
4. Reducing Costly Design Changes and Iterations: One of the most resource-draining 
aspects of product development is having to go back to the drawing board. Design changes, 
especially those late in the development process, can be costly, both in terms of time and 
finances. QFD acts as a proactive shield against such scenarios. By ensuring that potential 
challenges or misalignments are identified and addressed early in the design phase, the 
number of iterations and changes required down the line can be substantially reduced.
To encapsulate, QFD is more than just a design tool; it's a philosophy that emphasizes a deep 
connection with the customer. It ensures that we're not just creating products, but crafting 
experiences, memories, and solutions that deeply resonate with the end-user. In a world 
where customer preferences are constantly evolving, the adoption of QFD can truly be a 
game-changer for any organization seeking to stay ahead of the curve.
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Steps in 
Implementing 
QFD

Identify customer requirements.

Translate requirements into technical 
descriptors.

Evaluate competing 
products/services.

Set targets and prioritize actions.
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Implementing Quality Function Deployment, or QFD, isn't just a checklist of steps but an 
orchestrated alignment of the customer's voice with the product's design. The pathway to 
ensure this alignment involves a series of systematic steps, which, when undertaken 
diligently, yield products that resonate deeply with customer needs. Let's dissect these 
steps in detail:
1. Identify Customer Requirements: Everything in QFD starts with the customer. It's the 
golden rule. This initial phase is crucial and demands a profound understanding of the 
target audience. How do we do this? Through extensive market research, surveys, 
interviews, and feedback loops. The aim is to distill the plethora of customer voices into 
specific needs or wants. These aren't just features but underlying necessities that the 
customer might not explicitly state. For instance, when a customer says, 'I want a phone 
with long battery life,' the underlying need might be 'I want to stay connected without 
interruptions.'
2. Translate Requirements into Technical Descriptors: This is where the bridge between 
the abstract and the tangible is constructed. The identified customer requirements are 
transformed into measurable design parameters. These parameters, often technical, serve 
as a blueprint for the product's design. For example, the requirement for long battery life 
could be translated into technical descriptors like 'battery capacity,' 'energy consumption 
rate,' or 'standby time.' The beauty of this phase lies in its ability to serve as a translator, 
ensuring that the product design truly embodies the customer's needs.
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3. Evaluate Competing Products/Services: In a market flooded with options, understanding 
your competition is vital. This phase of QFD implementation delves deep into benchmarking. 
Products or services that compete directly with the envisioned product are meticulously 
evaluated. This isn't just about finding flaws in competitors but understanding where they 
shine, what customers appreciate about them, and where gaps exist. By doing so, it becomes 
possible to position the product in a way that capitalizes on the competition's weaknesses 
while emphasizing its unique strengths.
4. Set Targets and Prioritize Actions: Now that we have a clear picture of customer 
requirements, technical parameters, and the competitive landscape, it's time to set targets. 
These targets are realistic objectives that the product should meet or exceed. For instance, if 
competitor smartphones offer an average battery life of 10 hours, the target might be set at 
12 hours to provide a competitive edge. With these targets in place, actions are then 
prioritized. Resources, timelines, and efforts are aligned to ensure that the most critical 
aspects of the design, as dictated by QFD, are addressed efficiently.
To sum it up, implementing QFD is like crafting a symphony. Each instrument, or in this case, 
each step, plays its unique role, contributing to a harmonious end product that resonates 
with its audience, the customers. By methodically walking through these steps, organizations 
can ensure that their products not only meet but often exceed customer expectations, 
paving the way for sustained market success.
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Real-world QFD Application

Industries benefiting from 
QFD.

Brief case example. Evolution of QFD in 
modern design scenarios.

In this digital age, where customer preferences evolve at a dizzying pace, understanding 
their needs and translating those needs into tangible products is paramount. Quality 
Function Deployment, or QFD, serves as a linchpin in this endeavor across myriad 
industries. Today, let's peel back the layers and delve into the real-world applications of 
QFD.
1. Industries Benefiting from QFD: Almost every industry that is customer-focused has 
embraced QFD in one form or another. The automotive sector uses QFD to resonate with 
drivers' wants and needs, ensuring that each vehicle rollout meets market demand. The 
healthcare sector deploys QFD to enhance patient care, ensuring equipment and protocols 
are tailored to patient needs. Consumer electronics, food and beverage, aerospace, 
software development – the list goes on. What’s common among them? A deep-seated 
desire to connect with their audience and provide unparalleled value.
2. Brief Case Example: Toyota's Use of QFD: Toyota, a name synonymous with automotive 
excellence, is a sterling example of QFD in action. In the 1960s, Toyota began using QFD to 
get a better grip on the American market's desires. They realized that the American 
consumer was different from their Japanese counterpart. For instance, the American 
consumer preferred larger cars with more horsepower, whereas the Japanese market 
leaned towards compact and fuel-efficient cars. Through QFD, Toyota could decipher these 
nuances in customer preferences and translated them into design and manufacturing 
specifics. The result? Cars like the Toyota Camry or the RAV4, tailored for the American 
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audience, becoming market leaders. This strategic alignment of design to customer needs 
through QFD was pivotal in Toyota's meteoric rise in global markets.
3. Evolution of QFD in Modern Design Scenarios: As with all things, QFD has evolved. With 
the advent of digital technologies and Industry 4.0, QFD is now more dynamic, incorporating 
real-time feedback loops, AI-driven analytics, and predictive modeling. In the past, QFD 
might have been a linear process – from customer need to product rollout. Today, it's 
cyclical. Products are launched, feedback is gathered, analyzed, and funneled back into the 
design phase, ensuring continuous improvement. It's no longer just about meeting customer 
needs but anticipating them. With augmented reality, for example, potential customers can 
interact with a prototype, providing immediate feedback that can be looped into the design, 
further blurring the lines between design, testing, and market launch.
To wrap up, QFD stands tall as a beacon, guiding industries towards customer-centricity. Its 
adaptability, its focus on tangible results, and its embracement of modern technology 
ensures that it remains a crucial tool in a designer's toolkit, irrespective of the changing tides 
of market dynamics.
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Introduction to Value 
Analysis & Engineering

 Definition of Value Analysis and Value 
Engineering (VA/VE).

 Historical context: Origin during WWII for 
cost reduction.

 Objective: Optimize value by evaluating 
function vs. cost.

Today, we'll delve into a fascinating realm of engineering and design – Value Analysis and 
Value Engineering, or more commonly referred to as VA/VE. This field is the confluence of 
functionality, cost, and value, ensuring that products and processes are optimized for both 
the manufacturer and the end-user.
1. Definition of Value Analysis and Value Engineering (VA/VE): Let's break it down. At its 
core, Value Analysis is a methodical approach to analyzing a product or a process to 
improve its value by either enhancing its function or reducing its cost. On the other hand, 
Value Engineering extends this methodology during the product design phase, ensuring 
that the product is designed with optimum value from the outset. While they slightly differ 
in application, both share a common goal: delivering the best product at the lowest 
possible cost without compromising its intended function or quality.
2. Historical Context: Origin During WWII for Cost Reduction: The concept of VA/VE isn't 
novel. Its origins trace back to World War II. During the war, there was an acute shortage of 
skilled labor, raw materials, and component parts. In this backdrop, the General Electric 
Company, or GE, found itself grappling with these constraints. Lawrence D. Miles and Harry 
Erlicher at GE pioneered the methodology of VA/VE as a solution to these shortages. 
Instead of simply focusing on alternative materials, they took a step back and reevaluated 
the very function of components. The question they posed was straightforward yet 
profound: "Can we find alternative ways to achieve the same function at a lower cost?" 
This mindset laid the foundation for what we know today as Value Analysis and Value 
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Engineering.
3. Objective: Optimize Value by Evaluating Function vs. Cost: The essence of VA/VE lies in 
its objective: maximizing value. And how do we determine value? It's a balance between 
function and cost. If a product can deliver its intended function at a reduced cost without 
compromising quality or performance, its value increases. Conversely, if by incurring a little 
more cost, its functionality drastically improves, it might still be deemed valuable. This 
dynamic interplay ensures that products are not just cost-effective but also functionally 
robust. In an age of rapid technological advancements and evolving consumer preferences, 
the ability to dynamically assess and realign function versus cost becomes an invaluable tool 
in a manufacturer's arsenal.
As we navigate through this session, we'll uncover the methodologies, applications, and real-
world implementations of VA/VE. The insights we gain here are not just theoretical but have 
tangible implications in today's Industry 4.0 landscape.
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Fundamental Concepts

Function Analysis: Identifying and classifying functions.

Cost Worth: Determining essential and non-essential costs.

FAST (Function Analysis System Technique): Pictorial representation.

Having grasped the essence of Value Analysis and Engineering, let's delve deeper into its 
core concepts that make this technique so efficient and crucial for today's industrial 
scenarios.
1. Function Analysis: Identifying and Classifying Functions: Central to VA/VE is the concept 
of Function Analysis. But what does it mean to analyze a function? Imagine a simple object 
– say, a pen. Its primary function is to write. However, it might also have secondary 
functions, like looking aesthetically pleasing or serving as a makeshift ruler. By identifying 
and classifying these functions, we can determine which ones are essential and which are 
auxiliary. Every product or process has basic functions (primary purpose) and secondary 
functions (additional benefits). In VA/VE, we dissect these functions to understand the 
product's core essence and where cost efficiencies or improvements can be introduced.
2. Cost Worth: Determining Essential and Non-Essential Costs: With functions in 
perspective, we segue into 'Cost Worth.' Not all costs in a product are equal. Some costs 
directly link to the basic function of the product, while others might pertain to secondary 
functions or even be superfluous. For instance, a luxury pen's gold plating doesn't enhance 
its writing capability but serves a secondary aesthetic function. By distinguishing between 
essential and non-essential costs, VA/VE equips us with the clarity to make informed 
decisions. Is the gold plating adding sufficient value to justify its cost? Or can we achieve a 
similar aesthetic appeal in a more cost-effective manner? These are the sort of questions 
VA/VE prompts us to ask.
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3. FAST (Function Analysis System Technique): Pictorial Representation: Now, while 
discussing functions and costs is insightful, visualizing these relationships can truly elevate 
our understanding. Enter FAST – or the Function Analysis System Technique. It’s a graphical 
tool that outlines how functions of a product or process interrelate. By creating a FAST 
diagram, one maps out primary and secondary functions and how they tie together. Think of 
it like a flowchart, but for functions. This visualization allows teams to identify areas of 
overlap, redundancy, or potential enhancement. When combined with the Cost Worth 
analysis, FAST diagrams provide a holistic overview, facilitating more strategic design and 
manufacturing decisions.
By mastering these fundamental concepts, professionals equip themselves with the tools to 
dissect any product or process, analyze its value, and innovate more cost-effectively and 
functionally. This iterative process of analysis, reevaluation, and enhancement underscores 
the ethos of continuous improvement that Industry 4.0 so fervently champions.
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Benefits of Value Analysis & 
Engineering

• Achieving functional excellence at minimal cost.
• Identifying unnecessary costs and eliminating 

them.
• Enhancing product functionality and 

performance.
• Streamlining product development and 

manufacturing processes.

Let's pivot our focus now to the tangible benefits of embracing Value Analysis and 
Engineering in our design and manufacturing practices.
1. Achieving Functional Excellence at Minimal Cost: When we speak of value, it's often 
misconstrued as merely cost-cutting. While cost efficiency is a significant aspect, VA/VE is 
more holistic. It's about deriving the maximum functional output for each unit of cost. The 
heart of the methodology lies in maximizing function. Consider the evolution of mobile 
phones. Initially, their core function was communication via calls. Now, they've morphed 
into mini-computers with myriad functions from photography to navigation, all while 
becoming more cost-effective when adjusted for inflation and features. This is a classic 
demonstration of achieving functional excellence at reduced costs.
2. Identifying Unnecessary Costs and Eliminating Them: Through a keen analysis of 
functions against their associated costs, VA/VE helps in identifying superfluous 
expenditures. Remember our earlier mention of the luxury pen with gold plating? While it 
adds aesthetic value, is it crucial to the pen's primary function of writing? VA/VE challenges 
designers and manufacturers to differentiate between 'nice-to-haves' and 'must-haves', 
paving the way for designs that deliver essential functions without inflating costs.
3. Enhancing Product Functionality and Performance: Beyond cost savings, VA/VE propels 
products to new heights of performance. By centering the design process around functional 
utility, products tend to evolve in ways that truly resonate with user needs. An example is 
the modern camera lens. Through rigorous value analysis, manufacturers have designed 
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lenses that not only offer superior image clarity but also incorporate features like image 
stabilization and rapid autofocus, all within price brackets that were once deemed 
impossible.
4. Streamlining Product Development and Manufacturing Processes: Lastly, VA/VE isn't just 
about the end product. The methodology extends its benefits to the very processes that 
birth these products. By focusing on function and value, R&D teams can prioritize effectively, 
reducing development times. Manufacturing processes, too, become leaner as unnecessary 
steps or materials get eliminated, resulting in quicker turnarounds and reduced waste.
In essence, Value Analysis and Engineering is a compass guiding industries toward products 
and processes that resonate with the dual clarion calls of the modern age - functional 
superiority and cost efficiency.
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Steps in the VA/VE Process

Information gathering.

Function analysis and specification.

Creative phase: brainstorming for alternatives.

Evaluation and selection of alternatives.

Implementation and monitoring.

to harness the transformative power of Value Analysis and Engineering, one must 
comprehend its structured and methodical process. Let's dive into the critical steps.
1. Information Gathering: Every journey starts with understanding where you are. Similarly, 
the VA/VE journey begins with comprehensive data collection. Here, teams gather all 
relevant information about the product or process in question. This could range from 
material specifications, manufacturing details, cost structures, to user feedback and 
competitor benchmarks. For instance, if you were to apply VA/VE to a home appliance like 
a refrigerator, you'd start by understanding its current design, the cost of materials, how 
users interact with it, and how it compares with market competitors.
2. Function Analysis and Specification: The cornerstone of VA/VE lies in functions. In this 
phase, every function of the product or process is identified, described, and classified 
based on its importance. Think of this as dissecting the refrigerator into its constituent 
functions - cooling, preserving freshness, ice-making, and so on. Each function is then 
weighed against its associated cost, setting the stage for identifying areas of potential value 
enhancement.
3. Creative Phase: Brainstorming for Alternatives: With a clear understanding of functions 
and their cost implications, the team embarks on a creative journey. The goal? To 
brainstorm alternative ways of delivering the same functions more efficiently. In our 
refrigerator example, could we design a more efficient cooling mechanism? Is there an 
innovative way to extend food freshness without escalating costs? This phase is marked by 
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open-mindedness, where no idea is too wild or implausible.
4. Evaluation and Selection of Alternatives: From the myriad ideas generated, it's time for a 
critical assessment. Here, alternatives are evaluated based on feasibility, cost implications, 
functional deliverance, and overall value proposition. It's a delicate balance between 
innovation and practicality. The most promising alternatives move forward. For our 
refrigerator, perhaps it's a new eco-friendly refrigerant or a design tweak that optimizes 
airflow and temperature consistency.
5. Implementation and Monitoring: Once the best alternatives are selected, they transition 
from paper to reality. Implementation may involve design changes, process modifications, or 
even supplier negotiations. But the VA/VE process doesn't end at implementation. 
Monitoring is vital. Teams track the performance of the implemented changes, ensuring they 
deliver the anticipated value and making adjustments if they fall short.
In essence, Value Analysis and Engineering is a cyclical process of continuous improvement. 
It’s about relentlessly pursuing optimal value by challenging the status quo, fostering 
innovation, and ensuring that every dollar spent truly counts.
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Real-world VA/VE 
Applications

 Industries that have adopted 
VA/VE.

 Brief case example: Cost 
reduction in automotive 
manufacturing.

 The evolving importance of 
VA/VE in today's competitive 
market.

As we move to grasp the real-world implications of Value Analysis and Value Engineering 
(VA/VE), it's evident that this approach isn't limited to just a few niches but is, in fact, a 
versatile tool embraced by various industries.
1. Industries that have adopted VA/VE: From consumer electronics, aerospace, and 
construction, to healthcare, automotive, and even the service sector – VA/VE has 
permeated various industries, empowering them to deliver better value to their customers. 
Think about it – whether it's optimizing a smartphone's features while keeping it 
affordable, or designing a high-performance aircraft that's cost-efficient – the principles of 
VA/VE are at play.
2. Brief Case Example: Cost Reduction in Automotive Manufacturing: One of the 
industries that has immensely benefited from VA/VE is the automotive sector. Let's take a 
quick dive into a specific case. A few years ago, a leading automotive manufacturer faced 
challenges with rising production costs. Upon applying VA/VE, they identified that a 
significant portion of these costs was attributed to the car's wiring harness – a critical 
component connecting various electronic devices in the vehicle. Through meticulous 
function analysis, they discovered that several wires were redundant or longer than 
necessary. By redesigning the wiring harness to eliminate superfluous wires and optimizing 
the length of essential ones, they managed to reduce material costs substantially without 
compromising the vehicle's functionality. This is a quintessential demonstration of how 
VA/VE can lead to tangible, impactful results.
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3. The Evolving Importance of VA/VE in Today's Competitive Market: In today's globalized 
and fiercely competitive marketplace, the margin for error is slim, and the need for 
differentiation is paramount. Customers demand more for less. They seek products and 
services that deliver outstanding functionality without a hefty price tag. In this landscape, 
VA/VE isn't just a 'good-to-have' – it's a 'must-have'. It's a strategic approach that companies 
employ to stay ahead, drive innovation, and consistently deliver unmatched value. As 
products become more complex and markets more saturated, the pertinence of VA/VE will 
only amplify, making it an indispensable tool in the arsenal of modern enterprises.
In conclusion, Value Analysis and Engineering isn't a mere theoretical concept; it's a proven 
methodology with tangible benefits, deeply embedded in the fabric of modern industry, 
driving innovation, reducing costs, and enhancing value.
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Lecture 4: Quality of 
Design Techniques

• Failure Mode and Effects 
Analysis (FMEA): design and 
process.

• Quality Function Deployment 
(QFD).

• Value analysis and engineering.
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