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Phases of Design
1.Problem Understanding

2.Specification Development

3.Conceptual Design

4.Detail Design

5.Production Specification

6.Manufacture

7.Disposal
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Machine Design}
}What we’ll talk about. 

The most nonlinear part.

The entire process is iterative. 
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Understand, then Design & Build
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Problem Understanding
• Who is the customer?

- end-user?
- reseller?
- sales team?
- ...???

• These customers will have some conflicting needs/
demands

• These customers will not do a good job telling you 
what they really want
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Who are the customers?}



Quality Function Deployment
• 1988 Harvard Business 

Review article 

• Developed from study of 
Kobe Shipyards
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Quality Function Deployment (QFD)
• QFD is a planning tool

- Customer Needs ➙ Product Dev. Requirements
- Establishes where time and effort should be focused
- Establishes where time and effort should not be focused

• QFD in not quality control
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Design Change Comparison
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The House of Quality
• A lot of the utility is 

completing the tool

• A “living” 
document
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The Problem Understanding Form
The “middle” of the House of Quality
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customer wants.

Measurable 
characteristics of 
the design.
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understanding of 
what your 
customer wants.

Measurable 
characteristics of 
the design.

How do the measurable 
characteristics of the design 
relate to what the customer 

requirements?



The Problem Understanding Form
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The Problem Understanding Form
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Using the House of Quality
• Look for:

- Blank rows
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The Problem Understanding Form
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Engineering Characteristics
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▣ △ ▣
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◉ Strong = 9
▣ Medium = 3
△ Weak = 1

Empty Rows are a Problem



Using the House of Quality
• Look for:

- Blank rows

- Blank columns
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Customer Need is not 
being addressed 



The Problem Understanding Form
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Using the House of Quality
• Look for: 

- Blank rows 

- Blank columns
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Customer Need is not 
being addressed 

Addressing a Customer 
Need that does not exist



The Problem Understanding Form
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Engineering Characteristics

Customer 
Requirements
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Technical Importance(s)
• We can get numbers
• Do not use only the numbers as justification for 

design decisions!
• Absolute Importance – Sum along a column

• Relative Importance – Absolute importance of Eng. 
Char ÷ Sum of absolute importances
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The Problem Understanding Form

!21

Engineering Characteristics

Customer 
Requirements
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5*9 + 9*9 + 2*3 = 132



The Problem Understanding Form
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The Problem Understanding Form
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Engineering Characteristics

Customer 
Requirements

◉ ▣ △

◉ ▣ ▣

◉ ▣ △

▣ △ ▣

◉ △ ◉ △

◉ Strong = 9
▣ Medium = 3
△ Weak = 1

5

6

9

2

1

Absolute Importance 132 92 34 17 25
sum 
300

Relative Importance 0.44 0.31 0.11 0.06 0.08



HoQ Exercise – For a Spaghetti Tower

• Identify the customer(s), then 

• List the: 
- Customer Requirements 
- Engineering Characteristics
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The HoQ Correlation Matrix
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The HoQ Correlation Matrix
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The HoQ Correlation Matrix
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House of Quality Tips/Hints
• Explicitly identify your customers

• List every thing any of your customers care about

• Take each point of that list and expand
- What does this really mean?
- What does the customer really want?

✦e.g. Reliable?… Uptime of 99.99%? Can survive misuse? 
✦e.g. Easy to use?… Low number of steps? Easily understandable 

process? Low physical effort needed?

• For each customer requirement, determine what you could 
measure to determine if you are satisfying it or not. These 
are (the start of) the Engineering Characteristics.

• Revisit regularly as your understanding of the problem 
improves!!!
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Design Specifications
• Translation of customer requirements into 

engineering specifications

• Numerical targets or constraints that all possible 
concepts must meet

• Derived from: 
- Standards 
- Engineering characteristics in House of Quality 
- Engineering analysis
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Design Specification Categories
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• Geometric  
• Kinematics  
• Dynamics  
• Energy  
• Costs  
• Material 
• Signals 
• Safety 

• Ergonomics 
• Schedules 
• Assembly 
• Transportation 
• Operation 
• Quality Control  
• Recycling



The Spec. Sheet
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Changes D/W Requirements Resp. Source



The Spec. Sheet
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For: PRODUCT NAME
Issued: mm/dd/yy

Page x of N

Changes D/W Requirements Resp. Source

Requirements, sorted by 
category.
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Spec. Sheet Tips/Hints
• Take every Eng. Char. and define numerical targets

- Uptime ➙ Uptime > 99.99% 
- Time between required maintenance ➙ Maintenance <1 time 

per year
- Number of assembly steps ➙ Number of assembly steps <15
- Top speed ➙ Top speed > 160mph
- Max. Acceleration ➙ 0-60mph time < 3s
- Battery life in hours at 75% load ➙ >5 hour life at 75% load
- “Average” user time between charges ➙ >1 day between 

charges in normal use
• Determine if each is a demand or wish/want
• For every demand, are there accompanying specs. that are 

wishes/wants?
• Revisit regularly as your understanding of the problem 

improves!!!
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