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Needs Identification and 
Specifications 2

CHAPTER 

Introduction
Needs, specifications, concepts, and embodiments are a compromise.

A design project normally starts with the process of discovery during the initiation stages of a proj-
ect (Figure 2.1). The main first step begins with (1) defining the need for the project, (2) developing 
detailed specifications to guide the design, and (3) accepting the specifications. This process goes by 
different names including framing, problem definition, and scoping.

All of the topics in this chapter support the single goal of developing specifications. Well writ-
ten specifications help to define the project and guide the work. Specifications are developed from 
the needs. In simple terms the needs are a mixture of quantitative, qualitative, and intangible factors. 
Needs come from a variety of sources with different motivations and expectations. Examples include:

l Inventors: A perceived need
l Entrepreneurs: A project essential to establishing a new business
l Sponsors/customers: A group that comes with a previously established need; they may also 

provide specifications
l Yourself: A self-identified project that has some value to solve your own needs
l Social: A humanitarian project motivated by helping people in need
l Competition: A design objective constrained by contest rules

It is essential to have a clear understanding of needs, to establish expectations for final deliv-
erables. Without clear needs every solution can be accepted or rejected on a whim. With less- 
experienced customers, such as inventors, part of the job will involve clarifying the needs. Once the 
needs are clearly established the specifications can be developed. Detailed specifications are benefi-
cial to the customer and project team because they (1) ensure a clear understanding of deliverables 
throughout the project, and (2) control the work, budget, and delivery date for the project. Agreement 
between the specifications and deliverables is required for a successful project. Developing detailed 
specifications is not meant to be an adversarial process; the enemy is ill-defined specifications. 
Always work toward a win-win set of specifications so that you know what to deliver and your cus-
tomer knows what to expect.

When it is not possible to establish a clear set of needs or specifications for a project it is unwise 
to advance to the detailed design phase. A wise approach is to create a pilot project that has a goal 
such as developing a detailed set of needs and specifications, creating a testable prototype, identifying 
problems, or refining user interfaces.
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In commercial design there is typically a customer and a supplier. The customer expresses needs 
and the supplier develops specifications. This process finishes successfully when a customer places 
an order for the design. A quotation, or quote, is a formal document prepared for a customer by a sup-
plier. It outlines the work to be done and the cost. A customer will accept a quote with another formal 
document, such as a purchase request. In a process where multiple suppliers are competing, the quotes 
are called bids. The process of developing quotations varies by industry, business, and project type.

The request for quotes (RFQ) bidding process is used when an experienced customer performs 
substantial planning before talking to suppliers (Figure 2.2). These customers have already consid-
ered the design needs, how much they are willing to pay, and detailed specifications for the design. 
An RFQ is created for suppliers who examine the needs and specifications and prepare quotes. The 
three critical business decisions for the customer are releasing an RFQ, selecting a bid/quote, and 
accepting the final deliverables. The critical business decisions for the supplier are deciding to pre-
pare a bid, submitting a bid, and issuing an invoice. This is the preferred approach for large projects.

Needs identification

Methods:
- Meetings.
- Market research.
- Group review.

Specification development

Methods:
- Meetings.
- QFD.
- Research.
- Prototyping.
- Patents.
- Preliminary concepts.
- Early embodiment.
- Benchmarking.

Customer needs

Attributes:
- Outcomes oriented.
- Perceived.
- Concepts.
- Numbers.
- Fuzzy and concise.

Needs list

Attribute:
- Some detail.
- Functional requirements.
- Rough specifications.
- Separated requirements.
- Needs vs. wants.
- Relative importance and value.

Supplier specifications

Attributes:
- Practical.
- Testable.
- Numerical.
- Competitive.
- Required.
- Clear and concise.

FIGURE 2.1

The initiation stages of a project.
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Internal justification.

Develop specifications.

Develop an RFQ.

Work with bidders and
provide clarifications.

Receive the bids and
review.

Compare bids based on the
RFQs.

Prepare to start the project.

Monitor project work.

Receive and accept the
project.

A need is
identified.

The project concept is
approved.

The project budget
is approved.

Reject unacceptable bids.

Select the winning bid.

Solution accepted.

Customer Project Team/Company

Examine RFQ.

Develop a bid.

Review the bid.

Receive notice of
acceptance.

Project design, build, and
testing.

Close project.

The RFQ is
distributed to
prospective
bidders.

Ask questions and
suggest changes.

Submit the bid or quote.

Decide to bid.

The draft of the bid is
complete.

Wait until the bid is
accepted or rejected.

Issue a PO or contract.

Review project progress/

Deliver the project.

The project is launched.

The project work is
completed.

FIGURE 2.2

A request for quotes (RFQ) competitive bidding process.
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Internal justification
including a project objective
and general budget.

Identify the project team.

Work with the project team
on needs and specifications.

Customer or sponsor.

Review the quote.

Prepare to start the project.

Monitor the project work.

Receive and test the
project.

Project team.

The quote is accepted.

Review the customer
needs.

Assess the needs and
specifications.

Estimate the project plan
and develop a quote.

Consider issuing a quote
or turning down the job.

Accept or reject the PO.

Project design, build, and
testing.

Close the project.

The project is accepted.

A need is identified.

Recruit a project team.

Meet and communicate to
identify specifications.

Accept the specifications.

Submit the quote.

Issue a PO or
contract.

Design work review.

Deliver the project.

The project is approved.

The team decides to
develop a proposal.

Detailed specifications are
approved.

A detailed quote is
completed.

The project is launched.

The project work is
completed.

FIGURE 2.3

Preferred supplier quote development.

A faster and simpler quoting process is used for a single supplier, as shown in Figure 2.3. A sin-
gle supplier is selected to do the design work, but a quote is still used as a decision point for both 
customer and supplier. This approach can be used between business divisions in a company or with 
separate companies. For example, a manufacturing department could be a customer looking for a new 
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test station. The project team is the engineering department, acting as an internal supplier. The quote 
is a budget request and payment is a transfer of money between accounts in the company. Another 
example is a homeowner looking for a new backup generator installation. A supplier is contacted to 
generate a quote and do the work. In these approaches the supplier develops the specifications from 
the customer needs. This approach is used when a project requires specialized skills and knowledge.

Often the project customer and supplier are the same person or group. Internal projects are less 
formal but still follow the process of proposals and approvals, as illustrated in Figure 2.4. These proj-
ects require a person, often called a champion, who develops the project from the needs to closure 

Become aware of a problem,
opportunity, new technology, etc.

Discuss a solution with the team and/or 
manager.

Investigate the resource required inside 
or outside the department.

Propose the project for budget allocation 
and scheduled time.

Preliminary design work including cost 
estimates and purchasing requests.

Review the project details and approve 
or halt.

Conduct the project design and build 
work.

Test the results for acceptance and close 
the project.

Temporary delays.

Abandon the project.

Undetermined delay.

It is not important.

The cost–benefit ratio is not 
high enough.

The cost is too high.

There are higher priorities.

Unexpected problems arise.

The project is not
progressing as expected.

Problem arise or priorities
change.

More work or resources are
needed to complete the
project.

FIGURE 2.4

Internal department or individual project.
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phases. At some point early on, the champion will develop a proposal for management and request 
a budget for the work. At all points the champion is considering the progress of the project work, as 
illustrated by the rightward arrows.

Given the arbitrary nature of the specification selection process, the process will need to iterate 
until a set of specifications is acceptable to the project team and the customer. Only when both are 
satisfied that the specifications are reasonable should they be approved and the project move forward 
to the conceptual design phase. Figure 2.5 shows a sample procedure.

Meet to get details and
approve previous details.

Discuss but do not accept the
changes.

Review the changes after the
meeting.

Draft the needs and specifications.

Are the specifications
complete?

Finalize the specifications.

Yes

No

FIGURE 2.5

Refining project needs.

From an abstract perspective, perceived specifications should converge to a final set of detail 
specifications (Figure 2.6). If the detailed specifications are developed too quickly, there are probably 
misunderstandings and rushed decisions. Eventually the perceived specifications will converge on an 
acceptable set of detailed specifications. Good specifications are an acceptable compromise between 
the customer and supplier objectives. A small but recognizable difference between ideal and accepted 
specifications is normal and indicates a healthy process. If the refining process takes too long, it prob-
ably means that more compromise is needed.

The most common and troublesome project issue is called feature creep. Once the project needs 
and specifications are accepted, the customer often asks for the modification or addition of other 
functions and specifications. Normally these are presented as trivial additions to the design, but they 
usually increase the overall cost, delay the project, add complexity, require backtracking, and increase 
the risks. After the project specifications have been accepted, changes should require negotiation. The 
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absolutely critical steps at this point are (1) freeze the detailed specifications by agreement and (2) 
provide a mechanism for considering specification change requests including schedule, budget, and 
deliverable requirement modifications. In simple terms, if the specifications are suitably detailed, a 
customer may request changes, but he or she can be asked to accept budget and timeline changes. 
Other problems that arise during specification development include:

l Details are “left for later.”
l Specifications are vague.
l Specifications cannot be tested for project closure.
l Performance measures are not clear and measureable.
l Critical details are omitted, such as training and documentation.
l Details intimidate and delay decisions.

Given that a project involves many people there
is always a difference between the written
specifications and what people expect. There are
also misunderstandings. The area in the dashed
line shows a range for the different project
stakeholders. Over time there is better agreement
about the specifications in general. However,
individual perceptions persist.

During the early phases of a project the needs will be
captured as detailed specification. In this example
there are a number of meetings to review
specifications and obtain agreements. Very simple
projects may not require a meeting.

Details and precision

Ideal specifications

Accepted specifications

Compromise and refinement

Approved
specification
details

Project launch Specification sign-off
Time

FIGURE 2.6

Refining specifications.

PROBLEMS

2.1 Can you be a project customer and supplier?

2.2 When a supplier is developing a quote, what can a customer do?

2.3 What is the difference between an RFQ and a quote?

2.4 Describe a multistep process for developing specifications.
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 2.5 Propose a numerical approach to measuring the progress of specification development.

 2.6 Assume that a draft specification is “a comfortable weight.” Brian wants to wait until a 
prototype is designed, built, and tested with a customer. Fernando wants to use a target of 650 g 
and adjust it later. Who is right? Why?

 2.7 Customers sometimes request changes after a quote is accepted. Can the supplier object if the 
quote does not include the specifications? How can the problem be solved?

 2.8 List three options if a customer makes a request that exceeds the specifications.

 2.9 Is “aesthetically pleasing” acceptable in specifications? Explain.

2.10 Mini-case: I already knew what to do

 Engineers are educated to invent. The inventive spark is often ignited when observing some 
daily inconvenience. The hero of our story, Ahmed, was first touched by the flame of invention 
in a forest. As a hiker he would travel long distances. On one particularly hot day he stopped to 
quell his growing thirst with water. Reaching for his canteen he realized that he had filled it but 
forgotten to clip it to his pack. During the remainder of the trip Ahmed’s burning thirst brought 
him to the realization that a solution would help him and many other outdoor sports enthusiasts. 
He imagined many possible solutions and eventually settled on a special hook for a canteen. 
If shaken the hook would beep unless a canteen or something similar was attached. The clip 
would remain attached to the backpack, waiting for the next trip with the canteen. With a little 
thought he conceptualized something in the shape of a carabineer with a solar panel to recharge 
the battery. He even went as far as thinking about a sensor to detect the bottle, an accelerometer 
for motion detection, a microprocessor, and a milled aluminum frame to hold it together. By the 
end of the hike Ahmed had a very good idea about the device he would build.

 At home Ahmed calculated he needed $15,000 to apply for a patent, purchase components, 
and do some sales work. He had $5000 and approached the bank for a $10,000 loan. The loan 
manager asked to see a set of the specifications and a patent search. Ahmed developed a set of 
specifications that outlined his design that included the following: a) accelerometer,  
b) microprocessor, c) 5 cm hook for canteen, d) solar cell and battery, e) contact switch,  
f) software, and g) cost $20 to make $80 to sell. (Note: This is a poor example of specifications.) 
Ahmed took the specifications and ideas to a patent lawyer and paid $1600 for a patent search. 
The search did not find any similar systems for canteens, but there were a few patents for similar 
construction equipment. Ahmed used the search results and specifications to obtain the loan. 
He then applied for a patent, built a prototype, and approached outdoor sports companies. Each 
company told him that the device was too expensive.

 After some disappointment Ahmed consulted with a product engineer, Saed, who explained that 
his problem was fundamental: his specifications were for the solution, not the problem. Saed 
helped Ahmed rewrite the specifications to read (a) hold a 2 cm canteen hook, (b) detect motion 
forces over 30 m/s2, (c) detect when a weight of 200 g to 5 kg is attached, and (d) provide an 
audible 80 dB alarm when in motion with no weight attached. Saed then led Ahmed through 
a new concept development process where they developed a mechanical only solution with a 
small metal piece that would bounce with a loud noise when the canteen was not holding it in 
place. The new design could be added to existing clips and cost $4 or less in retail stores.



41
 

2.1 Needs

2.1 Needs
Fuzzy design objectives will mean more work later.

Needs start the design process. The sources of the initial needs will vary wildly, but at the end of 
needs identification stage we must have something that will drive the design process. Given that 
the needs will be used to develop the specifications it is a good idea to identify all of the necessary, 
assumed, and desired needs. It is even better if the needs are expressed as measurable, or testable, 
qualities. In fact, the needs could be a draft version of the specifications. However, these must be 
reviewed technically before finalizing them as specifications. One common process error is to assume 
a solution and then select the needs and specifications for that solution, hence constraining you to a 
single design. To determine needs you should:

(1) Form a general idea of the problem and the motivation for a solution.
(2) Further define the problem and need.
(3) Check the need for completeness and consistency.
(4) Iterate as necessary.

Customer needs can be captured using a form, like the example in Figure 2.7. The form provides a 
few prompts that are often found in needs statements. These needs can be captured as freeform bullet 
lists, sketches, diagrams, photographs, and so on. Sometimes a customer will be able to describe their 
needs in detail. Sometimes a customer may not be able to express a clear set of needs, and the sup-
plier will need to develop these too. A detailed description of customer needs should focus on what 
the design needs to do, not how to do it. Restated, the needs should avoid requiring a specific design 
implementation. Examples of needs include:

l Able to withstand hurricane/typhoon winds
l Use international electrical outlets
l Be easy to carry
l Last 10 years
l Have storage for 10 boxes
l Use an engine from the same manufacturer
l Be fun
l Be similar to a competitor’s design, but avoid a patent
l To copy an existing product or design (also called reverse engineering)

After the needs have been captured, the process needs to work toward specifications. Naturally 
some of these will be established during the needs capturing phase, but after this point the other needs 
must be converted to testable, designable, and buildable functions and values. Some of the needs are 
easily translated to detailed specifications, while others are vague and hard to define. For example, 
“be fun” could mean many things, and the designers and customers will interpret this differently. This 
need has to be refined before trying to develop detailed specifications.

Ahmed made the mistake of planning ahead in the project and then making the other project steps 
fit his plan. He should have still performed a seven-step, or equivalent, design method. Expand the list 
of detailed specifications to 10 items. Be careful to avoid suggesting the solution.
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INFORMATION COLLECTION

Need Description:

Importance:

Function:

Requirements:

Complex Needs:

NEED ASSESSMENT

Design Type:

Conceptual Stage

Quality of information and stage of understanding

Acceptance and testing

Possible Implementation:

Who, what, where, when, why, how?

critical, important, useful, optional

Operation
Numerical performance measures
Testable values
Minimums, maximums, ranges, and ideals
Other constraints
Mass and dimensions

Timeline and critical dates
Cost constraints
Legal
Published standards or regulations (e.g., ASTM,
IEEE, SAE, OSHA, BIFMA, NFPA)
Available power, utilities, and facilities

Aesthetics
Usability
Feel
Documentation
Safety approval

Commodity
Reverse engineered
Incremental
Revolutionary
Niche/specialty
Consumer
Similar designs

Design type unknown or vague
A specific design type has already been chosen

The provided problem description is vague.
You are not ready to ask the sponsor questions yet.
Read the description in detail and break it down into
small “requirements.”

Written acceptances including tests, rates, limits,
counts, measurements, etc.
Yes/no checklist items
Tolerances
Standard tests - if they do not exist specify your own

technology, method, existing solution

Design Project Need Definition and Assessment

FIGURE 2.7

A needs worksheet.
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2.1.1 Research
Reinventing the wheel is not useful because many others have probably identified needs and associ-
ated specifications. They have also done the work to find the blind alleys and successes. Tricks that 
can be used to gather this information are listed below.

Competitors products:
l Searching—Use the Internet to search for similar designs. For consumer products, search sales 

and auction websites (e.g., Amazon or eBay). For industrial components and processes, search 
in general or use industrial search resources (e.g., ThomasNet.com or GlobalSpec.com).

l  Shopping—For a number of products, you can drop by sales outlets and look at the 
alternatives. In some cases you may buy the product to look at later.

l Catalogs—Standard suppliers will often have exhaustive lists of parts, data, and costs.
l  Contact—Phone or email some of the known suppliers and ask questions. If you are planning 

to purchase their systems a supplier may be very helpful. You might even be able to get 
references to other experts.

l  Manufacturers—Many manufacturers maintain and freely distribute product data sheets, 
manuals, application notes, product brochures, and more.

Informal:
l Crowd sourcing—Use public groups to develop ideas.
l  Internet—There are many professional websites where you will be able to find opinions, 

technical reviews, group discussions, etc. These can be very valuable sources of unfiltered 
information. Even inaccurate opinions can provide value if reviewed critically.

Technical:
l  Consultants—Paying for advice and knowledge is an option if suitable consultants are 

available.
l Library—Look for references in public and private libraries. Buying books is always an option.
l Internal—Find internal people to talk to who have similar experiences.
l Network—Find people you know who may have advice or suggestions.
Requirements:
l Legal issues—Liability
l Intellectual property—Patents, trade secrets, ownership
l Testing—Acceptance testing

PROBLEMS

2.11 Is it acceptable to have specification numbers in a needs list?

2.12 Is it fair to say that needs come from the customer and the specifications come from the 
supplier? Explain.

2.13 Write a reasonable list of five customer needs for a package of pasta.

2.14 Use a needs worksheet to define the need for a package of pasta.
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l Standards—UL, CSA, CE, SAE, IEEE, NIST, ASTM, BIFMA, ANSI, etc.
l Regulations—NEC, NFPA, FAA, FDA, NHTSA, FCC, etc.
l  Additional supplier requirements—FMEA, ISO 9000/14000/26000, supply-chain 

management, etc.
l Safety

PROBLEMS

2.15 Find five sources of information and a standard for breakage forces for residential window 
glass. Provide details for the resources including URLs, references, or paper/electronic copies.

2.16 What are the CE and ASTM standards for wax crayons?

2.1.2 Benchmarking and surveys
People don’t always know what they want.

Industrial customers generally understand what they want and why they need it. Public consumers have 
needs that are less defined. Larger companies have marketing departments that identify market segments 
and customer needs. In smaller companies marketing is performed by engineering, sales, and management. 
Consumers state their needs in opinions and with purchases. Current and past user needs can be inferred 
from sales numbers and current product features. The common name for this method is benchmarking.

l Look at desired and proposed features for existing products.
l Select products that are current or may be future competitors.
l Use customer feedback, such as surveys, to select the most important new product features.
l Prioritize the features for engineering development.
l Benchmarking outputs:

l A list of competitive products
l A list of features of features
l Consumer perceptions of the device features
l An engineering analysis of key components
l Your devices tested against the same criteria

Opinions capture future need. Initial consumer opinions state what they think they want, and these 
opinions serve as an excellent starting point for investigation. Market surveys and tests are used to 
develop hypotheses and then test them statistically. Market surveys begin with a statement of a perceived 
market segment and need. If the need statement proves true, it is refined and the process is repeated. The 
eventual outcome is a detailed picture of the range of customers and range of needs. The greatest mar-
keting mistakes are caused by trying to make the target market too broad or narrow. Broad marketing 
plans try to be everything to everyone and fail to more focused products. Narrow marketing plans pre-
pare a design for one consumer and assume that others will decide to adopt it. Marketing tools include:

l Survey opinions
l Actively seek, or passively review, data
l Customers
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l Paid study groups
l Review of public information such as Internet discussion forums

l Multiple surveys and testing to refine the detail
l Use of scientific methods for hypothesis testing
l Developing critical questions such as:

l How often will this be used?
l What feature is the most important?
l Do you own something similar?
l What would help you select one product over another?

l Market study outputs
l Estimated market size(s)
l Minimum features (this can include numbers)
l Desired features
l Relative feature importance
l Intangibles and observations
l Basic price and feature values
l Competitors

A formal method for incorporating consumer needs into the design process is quality functional 
deployment (QFD). This method, discussed later, is used to rank product features by using customer 
demands and features found in competitors’ products. The outcome is a relative ranking of specifi-
cations that can be used to focus engineering efforts where they will have the most market impact.  
Less formal methods include specification review using customer opinions and benchmarking data.

PROBLEMS

2.17 Find three companies that produce 10 kW audio amplifiers and identify similar products from 
each. Identify a website that discusses and reviews the products. Read reviews and find 10 
features/specifications that are mentioned as advantages and disadvantages for each of the 
amplifiers. Estimate customer importance and satisfaction for each. Use a scale that ranges from 
0.0 (= “don’t care” or “don’t like”) to 1.0 (= “must have” or “very happy”).

2.1.3 Market-driven design
Revolutionary, or evolutionary, change?

A market is a collection of individuals who want different solutions to their own particular needs. The 
narrowest extreme is a market of one individual. This is relatively easy to identify, but limited in a 
commercial sense. The broadest extreme is all of the people who could be in the market, requiring that 
any design “be all things to all people.” Broad designs are remarkably difficult to define because each 
person has design features that he or she requires, some he or she wants and some that are less impor-
tant. Consequently, broad designs usually end up satisfying no one fully.
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Identifying a market requires that a group of customers be defined by the features or specifica-
tions that they require, want, and are relevant. The task of identifying the market, product features, and 
specifications is often done by sales and marketing professionals. For our purposes the descriptions 
markets and customers will be used interchangeably, assuming that they have been grouped by needs. 
Typical categories of customers include the following:

l A single customer who is well known
l A large market base that must be characterized statistically
l A complex market that has many different identifiable groups
l An unknown customer base

Whether designing consumer products or a single piece of industrial equipment, it is valuable to 
recognize some of the factors that influence individual customers. Simple examples of these varia-
tions include floor cleaner dust collectors that are transparent in North America but opaque in Japan 
so that dirt is not visible. Computer mice for computer gamers may be “technology black” and have 
over a dozen buttons, but a mouse for young children may have a single button that is shaped like a 
cartoon character. A piece of equipment designed for the Canadian marketplace may use 120 V 60 Hz 
AC for the controls and provide user interfaces in English and French. A similar piece of equipment 
for Indonesia may use 220 V 50 Hz AC for the controls and have a user interface that uses colored pic-
tures that are language neutral. Some of the factors used when defining customers are:

l Region
l Culture
l Personal history
l Interests
l Ethics/morals/religion
l Financial standing

Most designs have some sort of predecessor. When a design is a major departure from previous 
approaches we call this a revolutionary design. However, almost all design work makes evolution-
ary, or incremental, improvements on existing designs. One way to consider designs is as a set of 
features. Examples of features for a laptop computer include cameras, CD drives, serial ports, USB 
ports, printer ports, wireless networking, and so on. Over time the value of each feature will change. 
A new feature can be expensive to add and only appeal to a small number of consumers. Over time 
the new feature becomes expected, and eventually becomes obsolete. For example, CD drives were 
new and expensive features in the 1990s. These were often expensive options for new computers. 
Over the subsequent two decades these were replaced with faster and higher capacity drives at lower 
prices. As of 2010, many computers began to use other forms of storage with other advantages, and 
many expensive laptop computers are now offered without any CD drive option. Older features cost 
money to include, but do not add much value to the consumer. These legacy features are eventually 
removed from the standard product design.

A designer must decide how many evolutionary changes, or new features, should be added. If 
there are too many, the user will end up paying a premium for features he or she does not need. If 
there are too few features then the design will be stale and probably obsolete. The Kano curve shows 
this trend (Figure 2.8). Over time the new features become expected features and the customer looks 
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for newer features. Techniques such as benchmarking and the House of Quality techniques can be 
useful (see Section 2.3). Some important points are:

l Over time new features are added; these are novel at first, but become standard, and then obsolete.
l Over time the number of features will increase but the consumer no longer considers older 

features to be special.
l A product with a large number of new features often exceeds customers’ needs and maximum 

purchase price.

The Kano model concept is valuable for setting an expectation for design. Primarily, the market 
rewards incremental improvements, but punishes too little or too much change. A fast approach to 
evaluating a feature is the neighbor test. Imagine purchasing a new product, taking it home, and meet-
ing your neighbor on the way. You excitedly show them your new purchase. How do you reply when 
he or she asks “Why did you need a new one?” If you can answer in one clear sentence the improve-
ment is “understandable.” If it costs less and does more it is “acceptable.” Is it “exciting”? Consider a 
new car with an advanced braking system. You might tell the neighbor, “The new brakes cost a little 
more, but they are safer.” Most neighbors would ask “Were the old brakes not working?”

The neighbor test: How would you reply if a neighbor asked why you needed a new product?

Figure 2.9 shows the life cycle of a new design. Early in the design life there are high develop-
ment costs required for each copy of the design. However, at this point, the number of features and 
durability is low. Over time the design evolves, more are sold, the cost per copy drops, and the quality 
and number of features improve. People who buy designs in the early stages are called early adopters 

Note: This trend encourages designers to add new
features as old features lose appeal.

Fully Implemented

Excitement

Disgusted

Performance

Customer response

Absent

Delighted

Basic

Over time consumer tastes
drift and new features are
needed for the same
perceived value.

Product
Function

FIGURE 2.8

The Kano model of design features.
Source: Kano (1996).
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and they pay a premium for the newer design. A good example of this trend is the semiconductor 
industry. Moore’s law suggests that the cost halves and transistor quantity doubles every 18 months. 
We see evidence of these trends in digital electronics such as phones and computers.

To put both of the previous graphs in a simpler context, a designer needs to select the optimum 
number of design features (Figure 2.10). The customer, sales, or marketing groups often indicate the 

Obsolete:
Nobody cares.

Feasible design
range

Bleeding edge: Too
advanced for the
market

The Kano model says the
curves will shift right.

Number of features

Consumer value/utility

Economic
value

Product cost

FIGURE 2.10

Selecting an appropriate number of design features.

High risk
+ high development cost

Precision and durability

Mature productNew product

Features

Cost

t

FIGURE 2.9

Design features.
Source: Ullman (1997).
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range of interest in specific features and which features have the most value. As with most things, we 
want to add the features that provide the most value. We could add new features now, but they would 
not have much value to the customer. However delaying the same feature to the next design cycle 
could have more customer interest with lower costs. In addition, delaying introduction of the feature 
will save design time now, and allow the designer to wait until there are better tools for the design 
work.

PROBLEMS

2.18 List five attributes of one customer group for fresh fruit and list five needs for fresh fruit. In 
other words, who is the group and what do they need?

2.19 Some products attempt to satisfy a broad number of market groups. Some products only satisfy 
a single market group or individual. What are the advantages and disadvantages of each?

2.20 Define five product elements that differentiate product consumers.

2.21 What is a legacy feature?

2.22 Are more consumer products revolutionary designs or incremental designs?

2.23 Why are the Kano curves always shifting to the right and down?

2.24 The Kano model works well in rational design space but at extremes it breaks down. Discuss 
what this means with an infinite number of product functions and excitement. Apply the 
neighbor test to five new computer features. Which of these features pass, fail, or are  
marginal?

2.25 A product is developed at the bleeding edge of the market and then kept on the market until it is 
obsolete. What must happen to the price for it to remain competitive? Use a graph to illustrate 
the change in value.

2.1.4 Patents
Patents are a source of ideas.

The patent system was developed to encourage inventors to share ideas with the general public and 
competitors in exchange for a few years of commercial monopoly. Patents are available for ideas 
that are new, unique, and non-obvious. Patentable ideas must have some sort of utility including pro-
cesses, design functions/components, machines, and business methods. Typical patents that might be 
found in a laptop computer include a new fan motor for cooling the processor, a circuit for sharing 
memory between multiple processor cores, an etching process for the integrated circuits, a design 
for a three-dimensional display, and a one-step owner registration process for new computers. The 
patents are valid for 20 years after the inventor files the initial disclosure, or 17 years after the patent 
is awarded. After the patent has expired others are free to use the ideas. It is worth noting that global 
patent law has been harmonized by the World Trade Organization (WTO), so most countries have 
similar patent structures and procedures.
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Patents can be very useful for designers. The patent database becomes an excellent resource for 
design ideas. For example a designer can use it to find alternative designs for items such as power 
supplies, latch designs, composite material lay-ups, and heart stents. Each patent includes a section 
outlining the best known implementations that can be used as design guides. If a patent has expired, 
the idea can be used freely. If a patent is still valid the ideas can be licensed. Licensing patents, or 
obtaining your own, can be very useful to establish competitive advantage. If a competitor holds a 
patent, you can design around their protected ideas. A wise designer will use the patent database as an 
encyclopedia of ideas and not be dissuaded when similar patents are found.1

Parts of a patent for compact fluorescent light bulbs are shown in Figures 2.11 through 2.13. 
Every patent contains clerical information that includes the title, number, inventor, date of filing, date 
of award, and abstract. Patents are expected to give references to previous patents that are related. 
These previous patent numbers can be extremely helpful when searching for similar ideas. It is very 
likely that other compact fluorescent light patents will also refer to the same patent numbers, and 
these will appear in a search for those numbers. The background of the invention describes the needs 
and utility and reference designs showing implementation.

The disclosure drawings, description of the drawings, and the summary of the invention are shown 
in Figure 2.12. Here the inventor describes the best method of implementation, containing the infor-
mation required to produce a similar design. The figures vary widely between disciplines including 
schematics, flowcharts, mechanical drawings, chemical equations, graphs, tables, story board draw-
ings, and so on. The text may seem difficult to read at first but the use of words is very specific and 
will be appreciated after some practice.

The claims provide legal weight to the patent (Figure 2.13). The claims are written specifically 
to indicate what is novel in the design, the preferred implementation, and alternate implementations. 
In the patent, claims 1, 2, and 3 discuss variants of the bulb to broaden the design space covered by 
the invention. If you suspect that your design may infringe on a patent that is currently valid, read the 
claims carefully. Sometimes a small novel variation that is not available in the current model will be 
enough to circumvent or extend the patent. If the technology is protected by an active patent it is rea-
sonable to negotiate a license.

A basic patent search method is outlined in the following procedure. It is wise for designers to 
do a search when looking for design ideas or as a preliminary step when determining the novelty of 
a new concept. Although an engineer may do a basic patent search to look for ideas, and possible 
infringement, he or she will eventually have a patent attorney do a thorough search.

(1) Do a simple search to find patents using some technical keywords.
(2) Read the abstracts to determine relevance. You may find different language to use for the 

searches.
(3) For patents that are related to your design:

(a) Read the disclosure for technical design details.
(b) Read the background for needs (i.e., design motivations).
(c) If the patent is less than 20 years old, read the claims to see if your work infringes.

(4) Use the patent references to search for older related patents.
(5) Use the patent number to search for related, parallel, or newer patents.

1 For more on patents, see this book’s website: www.engineeringdesignprojects/home/content/resources/patents.

http://www.engineeringdesignprojects/home/content/resources/patents


512.1 Needs
 

United States
Patent Application Publication
Li

COMPACT FLUORESCENT LAMP

Inventors: Qingsong Li, Irving, TX (US)

Corresponding Address: Munsch, Hardt, Kopf & Harr, P.C. Intellec
 tual Property Docket Clerk 1445 Ross Avenue, Suite 4000, Dal
 las, TX 75202-2790 (US)

Appl. No: 10/212,939

Filed: Aug. 6, 2002

US 20030223230A1

Pub. No US 2003/0223230 A1
Pub. Date: Dec., 4, 2003

Related U.S. Application Data

Continuation-in-part of application No. 29/161,695, filed on May 31,
 2002.

Publication Classification
Int. Cl. ... F21V 7/10
U.S. Cl. ... 362/216; 362/260

In accordance with an embodiment of the present invention, a compact
 fluorescent lamp comprises a spiral compact fluorescent tube
 comprising a plurality of loops, at least one of the plurality of
 loops having a different cross-sectional width than a cross-sec
 tional width of at least another one of the plurality of loops.Cur
 rent U.S. Classification

International Classification
F21V007/10
Referenced by
Patent Number Filing date Issue date Original Assignee Title
US7045959 Jan 30, 2004May 16, 2006Shanghai Xiang Shan Industry LLCSpiral cold electrode fluorescent lamp
US7053555 Nov 13, 2003May 30, 2006Matsushita Electric Industrial Co., Ltd.Arc tube, discharge lamp, and production method of such arc tube,
 which enables brighter illuminance
US7264375 Mar 3, 2006 Sep 4, 2007Self-ballasted fluorescent lamp
US7268494 May 9, 2005 Sep 11, 2007 Toshiba Lighting & Technology Corporation Compact fluorescent lamp and luminaire using the same
US7503675 Jan 8, 2007 Mar 17, 2009S.C. Johnson & Son, Inc.Combination light device with insect control ingredient emission
US7862201 Jul 20, 2006 Jan 4, 2011TBT Asset Management International LimitedFluorescent lamp for lighting applications
US7973489 Nov 2, 2007 Jul 5, 2011TBT ASSET Management International LimitedLighting system for illumination using cold cathode fluorescent
 lamps
US7988323 Sep 29, 2009Aug 2, 2011 S.C. Johnson & Son, Inc.Lighting devices for illumination and ambiance lighting

COMPACT FLUORESCENT LAMP - BACKGROUND OF THE INVENTION
[0001] Many residential lighting products and light fixtures are configured around incandescent bulbs. Homeowners enjoy the warm light, low initial
 cost, and compact size of incandescent bulbs.
[0002] A different type of lighting product, known as a fluorescent lamp, is also available. A fluorescent lamp comprises a ballast and a glass tube
 with two electrodes, one at each end. The ballast is used to regulate electric current into the lamp. When switched on, electric current passes
 through the ballast. Electric current then passes in an arc between the electrodes through an inert gas in the glass tube. Heat from the arc vaporizes
 tiny drops of mercury in the glass tube, making them produce ultraviolet light, which in turn causes a phosphor coating on the inside surface
 of the glass tube to glow brightly and radiate in all directions. The most common configuration of a fluorescent lamp glass tube is a straight line.
 When compared with incandescent bulbs, fluorescent lamps use less electricity and typically last longer. These and other qualities make fluores
 cent lamps desirable substitutes for incandescent bulbs.
[0003] The general term “compact fluorescent lamp” (CFL) applies to smaller-sized fluorescent lamps, most of which have built-in ballasts and a
 threaded base that may be installed in a standard incandescent bulb socket. Although the underlying physics is the same, a CFL represents quite a
 departure from a standard fluorescent lamp. First, the color of light produced by a CFL is nearly identical to that of an incandescent bulb. Also,
 the threaded bases enable them to fit most standard incandescent bulb sockets. A spiral shaped CFL with a cylindrical profile, such as shown in
 FIGS. 1A and IB, is currently the most popular CFL. The drawbacks associated with fluorescent lighting products, e.g., coldlooking light, blink
 ing, awkward sizes and high-pitched noise, have largely disappeared in modern CFLs.

FIGURE 2.11

Compact fluorescent bulb.
Source: U.S. Patent 20030223230A1.

PROBLEMS

2.26 Locate U.S. patent 7,264,375. Read the abstract and describe how the double spiral makes the 
patent unique.

2.27 Find a patent for a car door-hinge design.
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SUMMARY OF THE INVENTION

[0004] In accordance with an embodiment of the present invention, a compact fluores
 cent lamp comprises a spiral compact fluorescent tube comprising a plurality of
 loops, at least one of the plurality of loops having a different crosssectional width
 than a cross-sectional width of at least another one of the plurality of loops.
[0005] In accordance with another embodiment of the present invention, a compact flu
 orescent lamp comprises a spiral compact fluorescent tube comprising of a plural
 ity of loops of non-uniform cross-sectional width.
[0006] Other aspects and features of the invention will become apparent to those ordi
 narily skilled in the art upon review of the following description of specific
 embodiments of the invention in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] For a more complete understanding of the present invention, the objects and
 advantages thereof, reference is now made to the following descriptions taken in
 connection with the accompanying drawings in which:
[0008] FIG. 1A is a front elevational view of a conventional compact fluorescent lamp
 and FIG. IB is a plan view showing a distal end of the compact fluorescent lamp of
 FIG. 1A;
[0009] FIG. 2A is a front elevational view of a conventional lamp reflector and FIG. 2B
 is a plan view showing a distal end of the lamp reflector of FIG. 2A;
[0010] FIG. 3 is a front elevational view of a compact fluorescent lamp in accordance
 with an embodiment of the present invention;
[0011] FIG. 4 illustrates light radiation pattern when the compact fluorescent lamp of
 FIG. 1A is combined with the lamp reflector of FIG. 2A shown in phantom;
[0012] FIG. 5A illustrates light radiation pattern of the compact fluorescent lamp of
 FIG. 3 when combined with a lamp reflector in accordance with an embodiment of
 the present invention;
[0013] FIG. 5B is a plan view showing a distal end of the compact fluorescent lamp
 reflector of FIG. 5A; and
[0014] FIG. 6 is a front elevational view of a compact fluorescent lamp in accordance
 with an alternative embodiment of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS
[0015] The preferred embodiment of the present invention and its advantages are best understood by referring to FIGS. 1 through 6 of the drawings.
[0016] FIG. 1A is a front elevational view of a conventional compact fluorescent lamp 10 and FIG. IB is a plan view showing a distal end of compact fluo
 rescent lamp 10. Compact fluorescent lamp 10 comprises a compact fluorescent tube 11 and a ballast 12. FIG. 2A is a front elevational view of a con
 ventional lamp reflector 20 and FIG. 2B is a plan view showing a distal end of lamp reflector 20. Lamp reflector 20 comprises a housing 22 and a cover
 24.
[0017] FIG. 3 is a front elevational view of a compact fluorescent lamp 30 in accordance with an embodiment of the present invention. Lamp 30 comprises
 a compact fluorescent tube 32 coupled to a ballast 34. Ballast 34 may be any ballast now known or later developed. Preferably, ballast 34 comprises a
 base 36. Preferably, base 36 is adapted for coupling with a conventional electrical light socket (not shown), for example an electrical socket used for
 incandescent bulbs. In the illustrated embodiment, base 36 has a plurality of threads 38 on the outer surface thereof for coupling lamp 30 with a con
 ventional electrical socket for incandescent bulbs.
[0018] Tube 32 comprises a proximal portion 39 and a distal portion 40. Preferably, proximal portion 39 couples with ballast 34. Distal portion 40 of tube
 32 preferably has a circular spiral configuration and comprises a plurality of loops. Depending on the desired shape or profile, tube 32 may have a
 more angular spiral configuration, for example triangular, square, rectangular, and/or the like. In the illustrated embodiment, distal portion 40 com
 prises loops 401, 402 and 403. Preferably, the plurality of loops of tube 32 are of non-uniform cross-sectional width or diameter. The cross-sectional
 width of loop 401 is X1; the cross-sectional width of loop 402 is X2 and the crosssectional width of loop 403 is X3. As can be seen from FIG. 3, the
 cross-sectional width of loops 401, 402 and 403 is such that X1>X2>X3. In other words, the loop closest to ballast 34 has the largest cross-sectional
 width and the cross-sectional width of the loops gradually decrease such that the loop farthest from ballast 34 has the smallest cross-sectional width. If
 desired, in an alternative embodiment, the cross-sectional width of the loops of tube 32 may be such that the loop closest to ballast 34 has the smallest
 cross-sectional width and the cross-sectional width of the loops gradually increase such that the loop farthest from ballast 34 has the largest cross-sec
 tional width.
[0019] As illustrated in FIGS. 1A and IB, each loop of conventional lamp 10 is of the same cross-sectional width. As such, as shown in part by broken lines
 13 in FIG. 1A, a profile of tube 11 of fluorescent lamp 10 along its longitudinal axis is substantially cylindrical. On the other hand, as illustrated by bro
 ken lines 37 in FIG. 3, a profile of tube 32 of lamp 30 along its longitudinal axis is substantially conical. Even if the length of tube 11 of lamp 10 and
 the length of tube 32 of lamp 30 are the same, the loops of lamp 30 are designed such that the width of the widest loop in lamp 30 is greater than the
 width of the loops in conventional lamp 10. As such, light from lamp 30 is spread out over a greater area than the light from lamp 10.
[0020] If desired, lamp 30 may comprise a lamp reflector 42 (FIG. 5A). Lamp reflector 42 is preferably coupled to ballast 34 or base 36. Lamp reflector 42
 has an inner reflective surface adapted to reflect light from tube 32 to augment light output. When light from tube 32 falls on the inner surface of lamp
 reflector 42, the light is reflected and directed outwardly away from lamp 30. As illustrated in FIG. 5A, lamp reflector 42 is preferably “funnel-shaped”.
 The shape of an outer surface of lamp reflector 42 is generally concave with respect to a longitudinal axis of lamp 40 with the cross-sectional width of
 lamp reflector 42 increasing linearly or non-linearly from an end proximal to ballast 34 towards an end distal from ballast 34. Preferably, lamp reflector
 42 is narrowest at the proximal end and widest at the distal end. The illustrated shape of lamp reflector 42 enables a higher light output from lamp 30
 than a conventional compact fluorescent lamp with a compact fluorescent tube of substantially identical length.
etc.....
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FIGURE 2.12

Compact fluorescent bulb (continued).
Source: U.S. Patent 20030223230A1.
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What is claimed is:
  1. A compact fluorescent lamp, comprising: a spiral compact fluorescent tube comprising a plurality of loops, at least one of said plurality of loops having
      a different cross-sectional width than a cross-sectional width of at least another one of said plurality of loops.
  2. The compact fluorescent lamp of claim 1, further comprising a ballast coupled to said compact fluorescent tube.
  3. The compact fluorescent lamp of claim 1, further comprising: a ballast coupled to said compact fluorescent tube; and a lamp reflector coupled to said
      ballast and operable to reflect light emitted by said compact fluorescent tube.
  4. The compact fluorescent lamp of claim 3, wherein a shape of an outer surface of said lamp reflector is generally concave with respect to a longitudinal
      axis of said compact fluorescent lamp with a cross-sectional width of said lamp reflector increasing non-linearly from an end proximal to said ballast
      to a distal end.
  5. The compact fluorescent lamp of claim 3, wherein an outer surface of said lamp reflector is funnel-shaped with a cross-sectional width of said lamp
      reflector increasing linearly from an end proximal to said ballast to a distal end.
  6. The compact fluorescent lamp of claim 3, wherein said lamp reflector comprises a reflector cover coupled to a distal end of said lamp reflector, said
      reflector cover operable to reduce glare from said spiral compact fluorescent lamp.
  7. The compact fluorescent lamp of claim 1, wherein a profile of said spiral compact fluorescent tube along a longitudinal axis of said compact fluorescent
      lamp is substantially conical.
  8. The compact fluorescent lamp of claim 1, wherein a profile of said spiral compact fluorescent tube along a longitudinal axis of said compact fluorescent
      lamp is noncylindrical.
  9. The compact fluorescent lamp of claim 2, wherein a loop of said plurality of loops closest to said ballast has a cross-sectional width larger than a cross-
      sectional width of any other loop of said plurality of loops.
10. The compact fluorescent lamp of claim 2, wherein a loop of said plurality of loops farthest from said ballast has a cross-sectional width smaller than a
      cross-sectional width of any other loop of said plurality of loops.
11. The compact fluorescent lamp of claim 2, wherein a cross-sectional width of each of said plurality of loops is staggered with the cross-sectional width
      of a loop closest to said ballast being the largest and the cross-sectional width of a loop farthest from said ballast being the smallest.
12. The compact fluorescent lamp of claim 1, wherein a configuration of each of said plurality of loops is circular.
13. The compact fluorescent lamp of claim 2, wherein a first loop of said plurality of loops has a cross-sectional width of X1, a second loop of said plurality
      of loops has a cross-sectional width of X2, and a third loop of said plurality of loops has a cross-sectional width of X3, such that X1>X2>X3.
14. The compact fluorescent lamp of claim 2, wherein said plurality of loops comprise three loops of decreasing cross-sectional widths such that a
      cross-sectional width of a loop closest to said ballast is greater than a cross-sectional width of the other two loops of said three loops.
15. The compact fluorescent lamp of claim 13, wherein said first loop is closer to said ballast than said second and third loops and said second loop is in
      between said first and third loops.
16. A compact fluorescent lamp, comprising: a spiral compact fluorescent tube comprising of a plurality of loops of non-uniform  cross-sectional width.
17. The compact fluorescent lamp of claim 16, further comprising a ballast coupled to said compact fluorescent tube, wherein said ballast is adapted to 
      couple with an electrical light socket.
18. The compact fluorescent lamp of claim 16, further comprising a ballast coupled to said compact fluorescent tube, wherein a plurality of threads are
      provided on an outer surface of said ballast to facilitate coupling of said ballast with an electrical light socket.
19. The compact fluorescent lamp of claim 17, further comprising a lamp reflector coupled to said ballast, said lamp reflector operable to reflect light
      emitted by said compact fluorescent tube.
20. The compact fluorescent lamp of claim 19, wherein an outer surface of said lamp reflector is generally concave with respect to a longitudinal axis of
      said compact fluorescent lamp with a cross-sectional width of said lamp reflector increasing non-linearly from an end proximal to said ballast to a
      distal end.
21. The compact fluorescent lamp of claim 19, wherein an outer surface of said lamp reflector is funnel-shaped with a cross-sectional width of said lamp
       reflector increasing linearly from an end proximal to said ballast to a distal end.
22. The compact fluorescent lamp of claim 19, said lamp reflector being shaped to reflect light emitting from said compact fluorescent tube in a direction
      outwardly away from said compact fluorescent lamp.
23. The compact fluorescent lamp of claim 17, wherein said plurality of loops comprise three loops of decreasing cross-sectional widths.
24. The compact fluorescent lamp of claim 23, wherein a cross-sectional width of a loop closest to said ballast is greater than a cross-sectional width of the
      other two loops of said three loops.
25. A compact fluorescent lamp, comprising: a spiral compact fluorescent tube comprising of a plurality of loops, at least two of said plurality of loops 
      having cross-sectional widths different from any other loop of said plurality of loops; a ballast coupled to said spiral compact fluorescent tube, said
      ballast operable to regulate flow of current into said spiral compact fluorescent tube; and a lamp reflector coupled to said ballast and operable to
      reflect light emitting from said spiral compact fluorescent tube.
26. The compact fluorescent lamp of claim 25, wherein said compact fluorescent lamp consumes electricity at the rate of thirty watts.
27. The compact fluorescent lamp of claim 25, wherein a light output of said compact fluorescent lamp is sixty-seven lumens per watt.

FIGURE 2.13

Compact fluorescent bulb (continued).
Source: U.S. Patent 20030223230A1.

2.28 Consider the claims in U.S. Patent 20030223230A1. How many of the 27 claims would remain 
if a patent examiner rejected claim 1?

2.29 Locate a standard that defines the maximum current that can be provided with a USB 3.0 
connection.

2.30 For your region, identify the government regulation or law that requires seat belt use in cars.

2.31 Use an Internet search, shopping, or auction site to find a machine that will shake a box with 
a force of up to 10 G (1 G is the force of gravity). Determine the price and the operating 
specifications for the machine.
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2.32 Locate a nearby company that manufactures products that you use. What other products does 
the company provide? (As an example, there is a local company that produces floor cleaning 
systems and I own one of its products. The company produces other floor cleaning products, 
which are sold in retail stores, as well as commercial floor cleaning products.)

2.33 Find a local interest group that has a professional focus. Good examples include groups such as 
the IEEE, ASME, IIE, and many others.

2.34 Locate a  Australian patent for a swing. Read the claims and determine what the patent covers.

2.35 Review U.S. Patent 1,836,349, for a candy forming machine and identify the major mechanical 
components in the figures.

2.36 Use the citations/references in U.S. Patent 7,564,678 to find a link to the original Apple iPod 
patent. For each patent used, list the patent number.

2.37 Use patent references for compact fluorescent bulbs to trace back to the original patent for the 
incandescent light bulb. List the patent numbers in the chain you follow.

2.2 Specifications
Specifications are the minimum acceptance criteria.

Needs can be vague but can often be used as guidelines to help develop the specifications. However, 
please be aware that you are promising that your deliverable will meet the specifications, so they must 
be exact. Anything less will make your design work more arbitrary and the acceptance of the final 
design will be arguable. Detailed specifications may seem to slow the design project with minutia 
that can be set later, but every detail that is skipped will take 10 times longer to add during detailed 
design, and 100 times longer to add during the build and test phase. Select a set of specifications that 
you know are feasible, so that you know what you must do and the customer knows what to expect. 
Attributes of acceptable specifications include the following:

l Define the project performance in detail.
l Include numbers, graphs, diagrams, etc.
l Details are provided first, then text; avoid the vagueness possible with the written word.
l Ensure that specifications allow you to agree how much and what is to be done.
l Avoid feature creep.
l Provide focus.
l Incorporate constraints.
l Define sign-off procedures to close the project.
l Specifications should be defined as minimum requirements, not a wish list.

In some cases the needs will be in the form of specifications. In other cases some of the needs  
will not be stated. It is important to convert the vague needs into exact specifications, as shown in  
Figure 2.14. If things go well, each of the needs will have a corresponding specification. For example, 
in the figure, specifications 10, 11, and 12 satisfy need C. Need C is addressed by specifications 1, 
2, 3, 4, 10, 11, and 12. In this example all of the specifications and needs are related. If any need is 
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not connected then it is not being addressed and it should be removed, or specifications added. If any 
specification is not mapped to a need it should be removed, or a corresponding need added.

A complete set of specifications will be exact and testable. At the end of the project they will be used 
to test the deliverables, as the final acceptance criteria. An example of a working table for specifications 
is shown in Figure 2.15. The final detailed specifications should be in this form. The specification values 
in the table will drive many detailed design decisions. If these values change later then detailed design 

Specification 1
Specification 2
Specification 3
Specification 4
Specification 5
Specification 6
Specification 7
Specification 8
Specification 9
Specification 10
Specification 11
Specification 12

Perceived Exact

Need A

Need B

Need C

Need D

Need E

FIGURE 2.14

Mapping needs to specifications.

Specification Required or
Optional

Value Units Final Acceptance
Test or Method

Customer
Approved

Note: Consumer product specifications are available on manufacturers and retailer websites. These are not
identical to design specifications. Consumer specifications are a mix of technical specifications, embodiment,
and design. For example specifications for a computer might include a specific processor number. The technical
specification would have referred to the Intel or AMD processor bus protocols, the specific processor was
defined as a test case. Likewise the consumer specifications for a canoe paddle focus on the blade shape, weight,
color, materials, and total length.The technical specifications for the paddle would include blade break off force,
blade drag in water, and mass. The technical specifications define design objectives, the consumer specifications
provide the design outcomes. The design specifications tell us what the paddle blade SHOULD DO while the
consumer specifications tell us what the blade IS.

FIGURE 2.15

Specification worksheet.
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work will need to be redone. In some cases a customer may have essential and optional specification val-
ues. Examples include an extra USB port on a computer or a louder volume range for computer speakers. 
If the “optional” category is not used there will be a tendency to add options as “required” so that they 
are not forgotten. Each specification should have an undeniable value that can be tested. It is very help-
ful to specify what tests will be used at the end of the project and what numerical values or ranges are 
required. For functional elements it is critical to indicate what capabilities are required and how they are 
to be tested. The needs list may contain customer suggested specifications and values.

Figure 2.16 illustrates the effects of detail in specifications. The best option is something quantifi-
able that can be tested. Qualitative features are acceptable but there is always a question of under-
standing. For example, a specification may read “brightness adjustment buttons.” The customer expects 
physical buttons on the case, while the designers add two software-only buttons on a computer screen, 
to save cost and time. Intangible specifications should be avoided because they are very subjective and 
unverifiable. For example a specification for “environmentally friendly” may mean recycled paper to 
the customer, but to the engineers it means minimal waste in production. Again, details are very impor-
tant. Avoid nonspecific specifications such as “low cost,” “nice appearance,” “durable,” “aesthetically 
pleasing,” or “user friendly.” For each specification, ask yourself, “How will I be able to prove this at 
the end of the project?” A number of good practices for developing specifications are listed as follows:

l Industrial designers get early/pre-approval for look and feel, usage model, function, and 
aesthetics.

l Use benchmark designs when developing needs and specifications.
l If the specifications contain optional requirements, leave these out or connect them to a design bonus.
l Push for evolutionary before revolutionary designs.

Quantitative
expected lifetime or usage
quality expectations
efficiency and power consumption
quality and reliability
performance
cost
dimensions and mass

Qualitative
materials; recycled or recyclable, special
requirements
manufacturing methods
maintenance and repair

Intangible
environmental impact
human factors
ethics and morals
look and feel
aesthetics

Risk of Loss or Failure

Changes
Required

FIGURE 2.16

The spectrum of specifications.
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l If a customer pushes for open design items to see what is possible or to leave room for change, 
add these as an option in the specifications. But do not plan to change the specifications without 
renegotiation.

l Try to talk in general terms that focus on the function instead of solution (e.g., “the automobile 
should be able to move on ground with a 12-inch variation in height” instead of “the axle 
clearance should be 12 inches”).

l Break requirements into separate measurable or testable values.
l Keep the requirements as simple as possible.
l Avoid vague language; use numbers and technical goals.
l Do not include more specifications than the minimum needed. If extras are added mark them as 

optional.
l If there are optional specifications, define a point of frustration or use a development bonus.

A reasonable process for developing specifications is shown in Figure 2.17. The process is to (1) 
approve reasonable and testable specifications, (2) continue looking at untestable or unreasonable 
specifications, and (3) be prepared to reject specifications. Select specification values so that the pro-
cess results in a win-win outcome for supplier and customer. Strategically, the supplier wants to have 
a set of specifications so simple that it could deliver an empty box. Likewise, the customer wants to 
include as much as possible in the specifications to maximize the benefits. In addition, some project 
sponsors will push for open items or “loose ends” in projects because they want to see what else is 
possible, hoping to get extra value. However, these strategic extremes result in a poorer product at the 
end of the design project.

PROBLEMS

2.38 Why is it important that a customer and supplier sign off, or agree formally, on specifications?

2.39 Write a set of specifications for a ball point pen.

2.40 Give an example of a specification for a bucket volume written in quantitative, qualitative, and 
intangible forms.

2.41 What consumers say they want in a product can be difficult to evaluate. Examples include 
“ergonomic,” “easy to use,” “aesthetically pleasing,” “responsive,” etc. Write down the four 
examples given and then add another five examples.

2.42 Locate sales material for an automobile that includes specifications. Break the specifications 
into (a) quantitative, (b) qualitative, and (c) intangible.

2.43 Complete a needs worksheet for the following customer problem: “I have an issue with seating 
on a public bus. Each seat is separated with a rail to keep riders from occupying more than a 
single seat. When the rail is too short riders will put their bags in the next seat. If the rail is 
elbow height then riders will rest on the rail and lean into the next seat. When the rail is too 
high the seats start to feel like boxes and people will not sit in them. I need a rail height that 
will maximize the number of riders sitting in seats.”
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Is negotiation
an option?

Compare it to similar
designs.

It is acceptable.

Change the
specifications to
match the plan.

Make the specification
optional and/or prepare
for problems.

Is the specification
testable?

Is the specification
numerical?

Is the specification
reasonable?

Is the specification
reasonable?

Is the specification
testable?

Yes

Yes

Yes

No

Yes Yes

Yes

No

No

No

NoNo

FIGURE 2.17

Screening specifications.

2.44 Select two similar small passenger automobiles. Create a table that compares the basic 
specifications of these automobiles. List five other factors that are not listed in the specifications 
but differentiate the vehicles.

2.45 Mini-case: Aesthetics as a specification

 Medical professionals may offer clinics in distant locations. Equipment needed in these 
locations must be carried and set up at the remote locations. In one case a piece of equipment 
was designed to hold a scanner, warm a conductive fluid, hold a laptop, and provide mounts for 
various probes. The stand was designed to move and position the laptop and probes so that they 
were close to the patient.
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 In addition to the technical specifications for the cart, the sponsor asked that the final design 
be attractive. In response, the design team added “aesthetically pleasing” to the specifications. 
The sponsors approved the specifications and the design work proceeded. At the conclusion 
of the detailed design work the sponsor was invited to a formal design review. The frame, 
mechanisms, and other elements were found to be technically suitable. However, the customer 
was displeased with the appearance of the cart and did not give approval to release funds for 
building the design. Given that the specifications for appearance were vague there was no 
option other than to redesign the appearance of the housings.

 In the following weeks the team updated the appearance of the design and consulted with the 
customer numerous times before receiving approval to move ahead. It was recognized that 
the aesthetic specification was vague and likely to lead to delays and rejections of designs. 
Moreover, “aesthetic” should be viewed as a need, not a specification.

 How could the process of moving from needs to detailed design be changed to avoid redesign 
because of vague and/or arbitrary specifications? Is it possible to include artistic appearance as 
part of the specifications?

2.3 Quality functional deployment
Find the low-hanging fruit.

Quality is a measure of how well the final product meets the specifications. It is also a measure of 
how well the product meets the customer needs. The goal is to select the right specifications to prior-
itize the design process. A high-quality design will strike the best combination of wants and needs in 
the specifications. For example, a “quality” family car must have a long life, it should have a reason-
able cost, but good performance is optional. A “quality” sports car must have high power and excel-
lent handling, but the tradeoff is higher cost and shorter life. The specifications set the precision and  
features in a design. More features and precision means a higher cost. Customers notice precision 
below their expectations but higher precision is much less important. When precision increases above 
customer expectations the customer might not notice or care. For example, a customer expects to 
spend less for a low-precision component, but it costs less to manufacture. At a high precision level 
the cost of production is very high, but the customer does not notice or care about the extraordinary 
precision.

As a supplier, you have limited design resources and many customer needs. The customers can 
compare your product to those of competitors. You have things you do well and other things you 
could improve. The quality function deployment (QFD) method (1) compares your design capabilities 
with the customer needs, (2) compares the customer needs of your product to other competitors, (3) 
compares the technical aspects of your product to other products, and (4) outlines the effort required 
for design improvement (Figure 2.18). The QFD outcome is a ranked list of design features that will 
produce the greatest benefit for the effort. A QFD, or House of Quality, chart is shown in Figure 2.18. 
The multistep analysis process begins in Step 1(a) with the voice of the customer, or the customer 
needs. It is important that these are from the customer perspective, much like consumer specifica-
tions. (Note: Quickly skimming ahead a few pages will help when picturing the matrix contents.)

In Step 1(b), the voice of the supplier is expressed as design capabilities and design features that 
can be controlled during the design. The list should omit obvious or easy functions and focus on the 
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Interactions

Step 2b: Feature Correlation
Matrix -Shows interactions
between design features.

Customer needs

Step 1a: Voice of the
Customer (VOC) -
Customer needs and
wants are listed using
input from various
sources. The relative
importance for each
need or want should
be listed.

Supplier capabilities

Step 1b: Voice of the Supplier (VOS) -This
list focuses on needs in the design and
existing technical design and build
capabilities for the design. These should not
focus on specific specifications, design
concepts, and embodiments.

Customer-supplier compatibility

Step 2a: Customer-Engineering Relationship
Matrix -This matrix relates the capabilities
(VOS) to the needs (VOC). The relationships
include positive, negative, and none. This
matrix exposes missing, redundant, and
conflicting needs and capabilities. If there
are problems the VOC and VOS can be
revised.

Evaluation matrix.

Step 4: Technical Difficulty -This step scores
each supplier capability for the design. This
includes target values, relative difficulty, or
cost for applying each company capability.
When this step is complete the company
capabilities will be ranked. At this point very
difficult steps can be simplified by revisiting
the VOS.

Step 5: Priority Calculation -The scores are
combined to determine which capabilities
should be prioritized. The winner will
receive more design effort to increase the
overall performance.

The competition

Step 3: Competitive
Products -Each
competitive design is
compared to the
customer needs. A
relative score is assigned
for how well each
design performs. This
step indicates which
needs will provide more
competitive advantage.

Customer
considerations.

Supplier
considerations.

FIGURE 2.18

The House of Quality layout and steps.
Source: Hauser and Clausing (1988).
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more difficult design aspects or more challenging design specifications. The customer–supplier com-
patibility matrix is completed in Step 2(a) with the related voice of the customer (VOC) and voice of 
the supplier (VOS). The score represents how strongly each customer need is supported by the sup-
plier capability. The complication triangle on the top relates each of the supplier capabilities. This can 
be used to indicate how an improvement on one capability might positively or negatively impact other 
design functions. Step 3 is a comparison between your product and the competitor’s from the custom-
ers’ perspectives. The scores are relative rankings.

A technical comparison of competitors’ products is done in Step 4. This reveals what supplier 
capabilities are actually important to the customer. Finally, in Step 5, the scores are combined into 
numerical totals for each design capability. A capability with the highest score will allow the greatest 
amount of customer quality improvement, with the least amount of effort.

An example of needs worksheet for a floor cleaner is shown in Figure 2.19. The VOC, Step 1(a), 
is developed first. If the requirements are not obvious they can be developed using the needs and 
“whats.” These should result in a list of requirements that the customer uses to differentiate products. 
The customer requirements are related to the final technical specifications but they are not the same. 
For example, a consumer specification of a quiet coffee grinder might translate into a technical speci-
fication of motor precision, housing design, and grinding blades. For the floor cleaner in this example, 
the customer wants to be able to pick up dirt, move the cleaner easily, and minimize maintenance. 
Each of the requirements is given a relative importance and the total should add up to 100%. In the 
example, two different customers are considered. Note that the number of replacement bags is more 
important to daily users.

Uses What does it mean?
(Whats or Hows)

Requirements

Vacuuming

Storage

Dirt removal.

Handling.

Sound.

Lower mass.

Removes dust particles.

Removes large debris.

Consumables used.

Bags/filter
changes.

Small size.

Use fewer bags and filters.

Less time changing bag/filter.

Quiet.

Self contained in a small volume.

Customer value.

15%

10%

5%

15%

10%

20%

10%V
O

C
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to
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er

 R
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ts

Maintenance

Repairs. A long life before failure. 15%

Daily
use.

10%

30%

10%

5%

5%

10%

20%

10%

Monthly
use.

FIGURE 2.19

Step 1(a), a sample voice of the customer (VOC) needs worksheet.
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Step 1(a): Voice of the customer (VOC)
l This step should include marketing, sales, and other professionals with customer contact.
l  Select a target customer group for the design. Avoid the temptation to expand the group to 

increase the market size.
l Identify the customers’ needs, “whats,” and requirements.
l Convert the needs to “whats” by asking, “What must be accomplished?”
l Convert the “whats” to requirements by asking, “How will this be accomplished?”
l  If customers are only able to provide general needs it may be necessary for the QFD team to 

develop the “whats” and requirements.
l Requirements should be measurable and differentiate designs. For example, don’t use “it can 

clean.”
l  For customer value scores ask, “What is your top priority?” Another approach is to ask for an 

ordered ranking of all of the options.

The voice of the supplier (VOS) should be much easier to develop using knowledge of past proj-
ects and technical expertise. As a minimum, the list should include capabilities that will, or will prob-
ably, be used in the design work. The VOS capabilities are listed across the top row of Figure 2.20. 
These split the work into the challenging technical design elements including the motor, air system, 
and housing. Individually each of these capabilities requires different skill sets and effort. For exam-
ple the structure requires manufacturing and aesthetic expertise, the impellor requires mechanical 
engineering, and the motor requires electrical and manufacturing expertise. This example is relatively 
high level but it could conceivably contain more than 100 features and components. This list could 
also include a power switch, lights for dark corners, the handle, and much more. The capabilities do 
not need to be limited to in-house abilities if they can be provided by an outside supplier.

Step 1(b): Voice of the supplier (VOS)
l The capabilities required for the design work are listed across the top of the chart.
l These should be developed with design, manufacturing, and quality engineering input.
l This should be a list of the challenging functions and components.
l  Most businesses are able to identify these tasks by groups and individuals in the company, 

such as an engine design group.
l The capabilities can include outside suppliers.
l This list does not need to include minor design and manufacturing issues or tasks.
l  These are not concepts or specifications, but they are related because they will eventually be 

used to select specification values and design embodiments.

Once the needs and capabilities are defined, Step 2(a) or Step 2(b) can be completed. Step 2(a) 
is shown in Figure 2.21, with an intersection matrix for the VOC and VOS items. Values are added 
to the boxes to indicate a strong (9), moderate (3), weak (1), or no (0) relationship. The values can 
be slightly subjective, but should be based on the current capabilities and designs. An example of a 
strong positive relationship is the impellor design may have a significant impact on the quietness of 
the cleaner. An example of no relationship would be the impellor does not affect the time required to 
change a dust collection bag.

Step 2(a): Begin laying out the planning matrix
l  The relationship can be determined by asking, “If we change the supplier capability, will it 

impact the customer requirement?”
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l The magnitude of the strong effect is 9 for a very large positive or negative effect.
l The magnitude of the moderate effect is 3 for a smaller positive or negative effect.
l For a score of 1 there is a marginal interaction between design factors.
l  These diagrams can also be drawn with circles and triangles as a visual aid, but that is not 

done here.
l  Each capability row is multiplied by the customer value to get an importance score. Higher 

scores mean that capability has more impact on customer satisfaction.
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Requirements

Lower mass.

Removes dust particles.

Removes large debris.

Use fewer bags and filters.

Less time changing bag/filter.

Quiet.

Self contained in a small volume.

15%

10%

5%

15%

10%

20%

10%

A long life before failure. 15%

Dail.

10%

30%

10%

5%

5%

10%

20%

10%

Mon.

FIGURE 2.20

Step 1(b), mapping needs to specifications.

When the customer–supplier matrix is complete, there should be some strong values in each col-
umn and row. Empty rows could mean that capabilities are not needed, or that requirements are not 
being addressed. The importance rating can be used to highlight supplier capabilities providing the 
greatest customer value. In this case the agitator, dust collection, and attachments have notably high 
scores. The electric motor score is very low, meaning that the customer does not value the motor, 
although he or she does value what the motor does.

Many of the supplier capabilities interact, as shown in the triangular top of the house in Figure 2.22. 
The columns and diagonals relate each design capability to the others. A higher score indicates that 
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the supplier capability interacts with other capabilities. For example, changing the motor would 
require changes to the impellor and structure of the cleaner. However, the electric motor is entirely 
independent of the agitator design.

Step 2(b): Supplier capability correlation matrix
l  The relationship between each of the capabilities is indicated on the upper triangle where the 

vertical and diagonal lines meet.
l  A high score of 2 indicates that changes in one capability will require changes in the other. 

A score of 1 means minor changes may be needed, while no score indicates that they are 
unrelated and will not need any changes.

9 9 3 9 9

Scale:
9: Strong positive.
3: Moderate.
1: Weak positive.
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150 480 750 180 660 690 435Importance Rating
Monthly user.

Importance of the electric motor for daily users:
= [10, 5, 15, 20, 15, 10, 15, 10] * [0, 0, 3, 9, 0, 0, 3, 0]
= 0 + 0 + 45 + 180 + 0 + 0 + 45 + 0 = 270

210 420 668 218 578 578 473Average.

FIGURE 2.21

Step 2(a), the customer–supplier compatibility matrix.
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l  The control characteristics should be reconsidered if, in general, there are more negative than 
positive effects.

l  In this case the diagram is skewed to the left to make it easy to enter into a spreadsheet. 
Traditional methods use a centered triangle for visual effect.

l  Traditional methods use symbols for scores that are converted to numbers. They may also 
assign positive values for beneficial interactions or negative values for competing capabilities.

Scale:

2: Strong interaction.
1: Weak interaction.
0: Little/no interaction.
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Note: Normally this triangle
is drawn differently but in
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FIGURE 2.22

The supplier capability interaction matrix, Step 2(b).

The competition analysis is shown in Figure 2.23. For each of the customer requirements there is 
an estimate of how well it is achieved by a design. The same process is repeated for each competitive 
design. A calculation of a position is made to illustrate how far a supplier capability lags the leading 
competition. In this case the position for the motor is −18, meaning that a supplier is ahead of the 
competition and would not gain any value by improving the capability. However the score for the air 
filtration is 33, indicating that the competitors are far ahead in that capability. In this example air fil-
tration is a strong contender for extra design effort.

Step 3: Customer-capability importance rating
l  This stage should involve engineering, sales, marketing, and any other professional that works 

closely with the customers.
l Your product and the competitors’ are ranked against the consumer requirements.
l The scores range from 1, for no satisfaction, to 5, for absolute elation.
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l  Some traditional methods will draw graphs for the 1 to 5 scores for each product. This visually 
illustrates the relative satisfaction of customer needs.

l  The customer requirement satisfaction is converted to a supplier capability satisfaction using 
the consumer importance rating and the requirement–capability matrix.

l  The position is the difference between your product and the strongest competitor. A positive 
position means that the competition is ahead of the supplier.

l  The QFD method requires an existing product and competitors. However, with some creativity 
it can still be used. If the supplier does not currently have a product, it can project what could 
be done and how the product would compare. If a supplier does not have competitors then it 
can compare existing products in similar markets.
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5: Outstanding fulfillment of requirements.
4: Very pleased with performance.
3: Satisfactory response to requirements.
2: The solution partially fulfills the requirement.
1: Does not address the requirement.

Requirements

Lower mass.

Removes dust particles.

Removes large debris.

Use fewer bags and filters.

Less time changing bag/filter.

Quiet.

Self contained in a small volume.

A long life before failure.

3 2 4
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Customer value our product.
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Customer value competition A.

= [3, 2, 4, 4, 2, 4, 4, 3] * [0, 0, 3, 9, 0, 0, 3, 0]
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9 3 9
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FIGURE 2.23

Step 3, customer expectations are compared to competitive products.



672.3 Quality functional deployment
 

3 2 2 4 4 4 2

2 4 3 4 4 4 2

-7560
6th

10080
3rd

-20025
7th

28710
2nd

34650
1st

-6930
5th

2835
4th

A
gi

ta
to

r.

A
ir

 f
ilt

ra
tio

n.

D
us

t c
ol

le
ct

io
n.

A
tta

ch
m

en
ts

.

St
ru

ct
ur

e.

E
le

ct
ri

c 
m

ot
or

.

Im
pe

llo
r.

Design simplicity.

Manufacturing
simplicity.

Deployment score.

Simplicity scale:
5: Trivial.
4: A routine operation.
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Daily user.

150 480 750 180 660 690 435Importance rating
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Customer value our product.

Customer value competition B.

Customer value competition A.

-18 12 -15 33 15 -3 3Position (Behind the leader)

2 2 2 4 4 4 2Lowest (most
difficult).

FIGURE 2.24

Steps 4 and 5, technical difficulty and deployment matrix.

The difficulty of improving a requirement/capability is estimated for the design and manufactur-
ing changes (Figure 2.24). In this case, a score of 5 indicates that the design or manufacturing effort 
is trivial. However, a score of 1 indicates that it will take a substantial amount of effort to make a 
slight improvement. The lower of the two scores is selected to reflect combined difficulty. In this 
example, the impellor is a very complicated design, but when complete, it should be relatively simple 
to injection mold. Therefore, the difficult design effort makes it a difficult part.

Step 4: Supplier capability simplicity
l Each of the supplier capabilities is considered as it relates to the product.
l If the supplier capability does not require substantial effort it receives a score of 5.



68 CHAPTER 2 Needs Identification and Specifications
 

l  A score of 1 is used for a supplier capability that requires substantial effort to make a trivial 
increase in improvement.

l Design and manufacturing are separated to emphasize the different natures.
l  The lower of the two scores is used to indicate a difficulty score. A lower score means that the 

capability will be costly to improve.

The various scores are multiplied to obtain a deployment score, as seen in Figure 2.24. A higher 
deployment score makes the supplier capability a better choice for improvement. A higher deploy-
ment score indicates that the capability is more important to the customer, lagging the competitors, 
and easy to improve. Negative deployment scores indicate that the supplier is already ahead of the 
competitors and extra effort would have less importance to the customer. In this example, the air fil-
tration capability received the highest score and should receive the most design effort to improve. The 
dust collector and impellor are also excellent candidates for improvement. On the other hand, effort 
that goes to the electric motor, agitator, and attachments would have little consumer benefit.

Step 5: Supplier capability deployment
l This is a combination of customer value, competitive comparison, and difficulty.
l The values are multiplied to emphasize multiple benefits.
l These scores can be normalized but the relative scores will be the same.
l  The highest scores should be the functions chosen for deployment. There is some room for 

management decisions, but the numbers are strong indicators.
l Deployment means that additional resources will be used to improve the design capability.

The true value of the QFD method is the ability to quantitatively analyze design effort. Although 
the numbers may be somewhat subjective they provide a greater level of objectivity. One problem 
the method exposes is a supplier who is so focused on perfecting a design element it neglects other 
customer values. In other words, a negative deployment score is a message that it is time to focus 
elsewhere. The QFD method may be extended to determine specification values by mapping supplier 
capabilities to specifications with deployment matrices. This is very valuable when the supplier capa-
bilities and specifications are not similar.

PROBLEMS

2.46 What is the difference between quality and precision?

2.47 Why is QFD called the House of Quality?

2.48 What do the top to bottom and left to right directions represent in QFD?

2.49 You are doing a QFD for a residential wall-mounted light switch. One of the needs you have 
heard is that it should “click sharply but quietly.”
(a) Convert the need to “hows” and create at least five requirements.
(b) Identify three possible customer groups for testing.
(c) Suggest relative values for each of the customers.

2.50 Your design team is developing the specifications for a can opener. You have already established 
that it will use a hand crank on the side. Define ten VOS capabilities and control variables. 
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Note: The can opener will have two handles, a blade to cut the lid, a roller to push the can onto 
the blade, and a crank to turn the roller. You can change component features to change the feel 
and performance of the can opener.

2.51 What should be done if the customer–supplier compatibility matrix has an empty column or row?

2.52 What does it mean if any columns or diagonals in the supplier capability interaction matrix are 
empty?

2.53 How could competitive values be created if there are no competitors?

2.54 Develop a QFD chart for coffee cup features. Use standard cups that are available from local 
coffee shops and vendors. The objective is to design a new cup with the widest consumer and 
vendor appeal.

INSTRUCTOR PROBLEMS

2.55 Describe a process for evaluating if a bicycle is “ergonomic.”

2.56 Select a laptop computer manufacturer. Use the memory size in its current product lines to 
construct a Kano curve.

2.57 Select a company that manufactures computer graphics cards. Develop a table that shows 
product age, one graphics benchmark, and the product cost. Identify the commodity and niche 
products in the table.

2.58 Consider standard window glass. You need to describe it using two perspectives: the customer 
needs and engineering specifications. The customer needs should be put in general terms such 
as solid, insulating, and clear. The specifications should be related to physical properties such 
as thermal resistance, fracture pressure, and transparency. Use a matrix to relate each of the 
specifications to the needs.

2.59 A bathroom fan design has the following requirements. Develop a list of specifications that 
address all of these and use a matrix to verify the coverage.
(a) Clears a regular bathroom in 5 minutes
(b) Quiet
(c) Normal utility ratings
(d) Fits in a standard hole
(e) Connects to standard ducts

2.60 Develop a set of questions for a customer. The customer currently uses 4 m high step ladders.

2.61 How are the QFD customer requirements and values obtained?

2.62 Consider a specification for a car that reads “hold five passengers.” Give five examples of the 
different interpretations that may be used in design and testing. For example, is the driver a 
passenger?

2.63 What are the advantages and disadvantages of numerical specifications?
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2.64 Why is testing important for numerical specifications?

2.65 The following vague specifications were provided for a laptop. Rewrite these to be specific and 
testable.
(a) Laptop will work 10 hours
(b) Screen is viewable in daylight
(c) Cost will be low
(d) It will be reliable
(e) High quality
(f) Can be upgraded
(g) Aesthetically pleasing

2.66 Consumer devices must be appealing and it is tempting to add aesthetics to the specifications. 
Explain how aesthetics could be in the specifications.

2.67 Office chairs have a maximum design weight. Find the specifications that define these.

2.68 Briefly describe why each of the following attributes is important when developing 
specifications:
(a) Detailed
(b) Testable
(c) Clear
(d) Understandable
(e) Unique and not open to interpretation

2.69 The reliability of research resources can vary. Use a search engine, such as Google, to find 
information about programmable logic controllers. Sort the first 50 information sources into 
academic, corporate, irrelevant, anecdotal, and unknown.

2.70 What is the difference between searching for information and searching for answers?

2.71 Find the following items for a battery.
(a) Specifications from a manufacturer’s website that include time–voltage curves
(b) A commercial site that compares batteries from various manufacturers
(c) A research paper that discusses new materials for increasing battery life
(d) An application or selector guide that indicates how to select various battery sizes, based on 

life, space, power, temperature, and more

2.72 How does learning to research new technologies support lifelong learning?

2.73 Find examples of:
(a) Databases of books and standards
(b) Retail catalogs with parametric selection tools
(c) Industry product guides

2.74 Use Internet auction or sales sites to find new and used prices for a laser cutting machine  
that can cut stainless steel circuit board mask materials at least 500 mm by 500 mm by 0.3 mm 
thick.
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2.75 Mini-case: Project initiation

 The military deals with entrepreneurial project approaches using the Defense Advanced 
Research Projects Agency (DARPA). The website lists a number of priority technologies as 
well as requests for general proposals.2 See “Opportunities” on the main web page and look 
for the submission processes for different companies and agencies. An example of a DARPA 
project could be a new system for non-lethal weaponry. A proposer would complete a proposal 
for outlining the project details and projected budget and deliverables. DARPA would receive 
and review the form. If the proposal meets the needs and policies it might be approved and the 
designer would be expected to deliver as outlined.

 The arts community generates many creative ideas but has issues reaching a larger customer 
base. In response, the Kickstarter website was created to present project proposals.3 Site visitors 
can view the projects and make bids on them. Each bidder contributes a small amount of the 
minimum needed for the project. If the minimum for a project is met or exceeded it moves 
forward. The outcomes of the projects vary widely. A common approach is to have different 
donation levels, and the level of donation is tied to a number of items and additional features. 
The niche for the website has expanded to include many engineering and technology projects. 
An example Kickstarter project might be a new type of computer mouse. The project sponsor 
would post a description of the planned project. Visitors would review the project details and 
might donate $75 for one mouse at the end of the project, or $200 for three mice. The proposer 
might require $150,000 before moving forward.

 What are the common elements in the DARPA and Kickstarter proposal processes?

2.76 Mini-case: Specification drift

 Gaming took a massive leap forward in the 1990s as computers became fast enough to expand 
graphics from two dimensions (2D) to three (3D). 2D games normally had characters that 
moved on a surface that scrolled as the game progressed. 3D games allowed a player to move in 
three dimensions using a perspective view. A few landmark 3D games included Doom (1993), 
Duke Nukem (1996), and Quake (1996). Customers enjoyed the new generations of 3D games 
and wanted more like them. The companies that developed Doom and Quake produced sequels 
that were all commercial successes. Duke Nukem, developed by 3D Realms, was also the 
subject of a design project called Duke Nukem Forever. The game was announced in 1997 for 
delivery in 1998.

 Between 1997 and 1998 game developers shifted from an on older graphics processing 
software library (engine) to a newer graphics engine developed for Quake II. The new graphics 
library was essential to provide a contemporary appearance. The team developed graphics, 
wrote software, and modified the library. In 1998 the Unreal engine was released and the team 
decided to move to it, discarding the work done with the Quake II engine. The next decade was 
filled with similar technical changes, the addition of new game features, business changes, and 
missed deadlines. The product has become synonymous with vaporware—promised software 
that never materializes.

2 www.darpa.mil/
3 www.kickstarter.com

http://www.darpa.mil/
http://www.kickstarter.com
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 When the game was eventually released in 2011 it was projected to sell 3 million copies but 
only sold 1.6 million. Compare this to Doom 3 (2004) which sold 3 million copies and Call of 
Duty: Modern Warfare 3 (2011) which sold 28 million copies.

 In hindsight the specifications for the project were repeatedly “improved” after substantial 
design work was complete. Each change resulted in lost time and effort. Ironically the 
developers’ desire to adapt, to produce a cutting-edge game, resulted in a game that was 13 
years late and was criticized for being outdated. It is possible to argue that they should have 
released the game in 1998 with the out-of-date features and then moved on to a newer version.

 Investigate the development of Duke Nukem Forever and find 10 events where the team 
effectively changed the specifications and embodiments.
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