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Plan for today

� Feedback - 1st Project Review (20 min)

� Lecture (30 min)
» Performance specification

� Team meeting (update FM, Engineering 
characteristics) (45 min)

� Additional lecture (15 min)
» Morphological chart
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Feedback on 1st Project Review

� Objectives tree (OT) – exactly 4 levels
� Functional model (FM) - emphasis on 4 functions:

» multi-ball server with automatic loading

» automatic aiming

» good sealing 

» automatic pressure adjustment and launching

� In QFD: 3rd level objectives from OT with weighting in rows 
Functions from FM in columns

� Use calculations in conceptual design – Performance spec.
� Gant chart - regularly updated and used to identify critical path. 

� Requirements list
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� Engineering Design Process 2nd

Edition, Chapter 6
» A specification consists of a metric and 

value
– Metrics are usually derived from functions 

(Chapter 5 & Lecture 5)

– Specifications can be established using 
different methods; we will use the 
‘Performance Specification Method’ 
(Chapter 6, section 6.2 & Lecture 8)
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1. Clarify objectives
The Objectives Tree method

2. Establish user requirements 

3. Identify constraints

4. Establish functions
The Function Analysis method

5. Establish design specification
The Performance Specification method The 
QFD Method (Design Matrix)

6. Generate alternatives 
The Morphological Chart method

7. Model and Analyse design
Mechanical Design methods

8. Test end evaluate design 
The Weighted Objectives method

Clearly understand the problem which has to be solved
Make sure not to overlook any of important aspects
Set the stage for UNBIASED solutions and Enhance team creativity

Why to follow a design process?
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Quality Function Deployment

� Quality (Objectives tree) is defined first
» Customer needs and requirements 
» Desirable product attributes - qualities

� Functions (Functional model) defined and analysed
» Function and sub-functions of product subsystems
» Required functions to obtain attributes

� Quality-Function Deployment (1st QFD) defined
» Function and sub-functions of product subsystems required to obtain 

attributes

� Engineering characteristics (2nd QFD) defined
» Performance, Prescription, Procedure
» Developed physical properties - quantities
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Expressing Specifications

� Three ways to formalize what the user’s wish into a 
property/characteristics suitable for engineers
» Prescriptive specifications (or constraints)

– Specify values for attributes of the designed product/process
– Ex.: The ladder step length can not exceed 20 in.

» Procedural specifications
– Identify specific procedures for calculating attributes or behavior
– Ex.: Maximum bending stress on a step is computed from σmax = Mc/I and 

the step is safe if σmax does not exceed σallow

» Performance specifications
– Identify performance levels that signify the desired functional 

behavior has been achieved
– Ex.: A step on a ladder is safe if it supports an 200 kg load
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Expressing Specs. for the Project

Consider how each of the three types of specifications might 
apply to the tennis ball server

Prescriptive specifications (or constraints)
The product must have a shipping volume not to exceed 50x50x100 
mm

Procedural specifications
The accuracy contribution to the products FOM will be calculated as 
FOMacc = 100(6 - (dC + dD)/2), where dC and dD are the distances 
from the target corner to where the ball lands

Performance specifications
The ball’s trajectory over the net should be less than 15 cm above 
the net where closer is better
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Step 1 : Compile specifications
» Use the functional model as a starting point
» For each sub-function, write an associated 

specification (independent of any particular solution)
» Make at least 2 specifications for each sub-function
» For example: To ensure smooth passing just one ball 

into barrel:
- Mass of the ball (mb)
- Diameter of the ball (db)
- Diameter of the passing device (Dd)
- No of balls to pass (nb) …
- Resistance (friction) (R )

» Add any additional specifications (or constraints) from 
project sources, such as from the assignment; 

The Performance Specification Method

Load tennis 
ball into

barrel

Tennis ball Tennis ball
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Support for Step 1: 

Standard categories 
for searching for 
specifications
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Step 2: Sort the engineering specifications by type
» Prescriptive (constraints) (mb, db )
» Procedural (Dd )
» Performance (nb; R)

Step 3: Quantify each engineering specification
» Engineering specifications should have quantities
» Express specifications as a range with limits or specific 

values (in the case of constraints)
» Quantifying may lead to more detailed specifications
» For example: mb = 35-50 g

db = 47 – 51 mm
Dd > 1.03 db
nb=1
R < 1.1 Pa s

The Performance Specification Method

To ensure smooth passing just 
one ball into barrel:
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� Step 4: Determine testing/verification approaches
» Identify what procedure your team will use to check that 

each specification is met
» State when the test or verification will occur in project 

timeline
» Examples :

Quantified specification:

• Loading of the ball easy and smooth

• Straight passages

• Same diameter of the pipe used 
throughout 

• One ball loaded at the time …

Test/verification measure:

• Review of concept variants 
(diameter and resistance) during 
concept selection

• Test with 20 balls during the 
preliminary design phase

• Validate with Simon from Group 4

The Performance Specification Method
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Step 5: Compile elements of engineering specification into a single document

Date Specification Resp. Test/Verification

Performance Specifications
12-Feb Grasping surface can be held by the 95 

percentile 4 year old
RBS Review of concept variants (estimated 

size of grasping surface) during concept 
selection

13-Feb Average diameter of grasping surface < 1 in. KLW Verify with engr. drawings during 
preliminary design phase

14-Feb Product stores > 80% of user input energy REF Measure energy storage potential 
during proof of concept

12-Feb > 80% of stored energy is transferred to disc 
for launch

REF Measure available energy during proof 
of concept

12-Feb Excess energy is dissipated by product KAG Review of concept variants during 
concept selection

13-Feb Force to press trigger < 0.5 lb. KLW Measure triggering force of alpha 
prototype

Prescriptive Specifications (Constraints)
12-Feb Force to "cock" launcher ≤ 5 lb. RBS Review of concept variants during 

concept selection
12-Feb Weight < 2 lb. CAR Weigh alpha prototype

Example: Specifications Sheet for Disc Launcher Toy (Partial)

The Performance Specification Method
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Step 6: Evaluate and update specifications as needed 
throughout the design project

» Make sure identified constraints are not too restrictive as to eliminate 
a better solution

» If specifications are updated, indicate so in the date column of the 
sheet

The Performance Specification Method

Date Specification Resp. Test/Verification

Performance Specifications
12-Feb Grasping surface can be held by the 95 

percentile 4 year old
RBS Review of concept variants (estimated 

size of grasping surface) during concept 
selection

13-Feb Average diameter of grasping surface < 
1.25 in. (Due to new ergonomic data)

KLW Verify with engr. drawings during 
preliminary design phase

14-Feb Product stores > 80% of user input energy REF Measure energy storage potential 
during proof of concept

12-Feb > 80% of stored energy is transferred to disc 
for launch

REF Measure available energy during proof 
of concept
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Compile requirements list
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Create and fully populate 2nd QFD
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Team meeting
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� Engineering Design Process 2nd

Edition, Chapter 6
» Use systematic methods to generate 

conceptual designs
» Generate a morphological chart
» Improve your creative brainstorming 

techniques
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1. Clarify objectives
The Objectives Tree method

2. Establish user requirements 

3. Identify constraints

4. Establish functions
The Function Analysis method

5. Establish design specification
The Performance Specification method The 
QFD Method (Design Matrix)

6. Generate alternatives 
The Morphological Chart method

7. Model and Analyse design
Mechanical Design methods

8. Test end evaluate design 
The Weighted Objectives method

Clearly understand the problem which has to be solved
Make sure not to overlook any of important aspects
Set the stage for UNBIASED solutions and Enhance team creativity

Why to follow a design process?
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Generating & Evaluating Alternatives

� Keys to thinking creatively
» Brainstorming

» Lateral thinking

� Concept variants generation
» Morphological chart

� Use a Decision Matrix to Evaluate Solutions
» Estimation of parameters
» Decision Matrix
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Objectives, functions, characteristics 
v.s. alternative solutions

� Previously, problem was clarified by use of four design 
tools
» Objectives Tree: A way to analyze customer needs and to group 

them logically
» Functional Model: An engineering first step at thinking about the 

general functions that the device must be able to do
» Engineering Specifications: A first step to specifying  performance 

of the product or process to be designed
» The Quality Function Deployment Method – Design Matr ix: 

Tool which helps to specify what the product must achieve and the 
criteria by which the alternative solutions will be judged. 

� These clarify the problem - they do not give the solution
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Vertical vs. Lateral Thinking

Vertical Thinking Lateral Thinking

Goal:  Selecting an idea Goal:  Generating ideas

focuses on “right or wrong” no “right or wrong”

is sequential jumps around

excludes irrelevant info welcomes all info

tries to finalize tries to expand possibilities

If vertical thinking is considered exclusively, one might 
never consider alternative ways to solve a problem
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Background: Thinking Creatively

� Successful designers think creatively

� EXERCISE ON CREATIVITY

� Successful designs are those that are fresh, innovative, and 
elegant, while yet being simple and direct
» They are artful and functional

� Many good designs, once unveiled, seem obvious
» People say, “Why didn’t I think of that?”

� Good designers “think of that” because they have 
developed the skills of:

» Brainstorming

» Lateral thinking
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Brainstorming

� Brainstorming is process of generating as many ideas for solving 
a problem as possible in a short period of time.

� Keys to successful brainstorming:
» No criticism of ideas!

– Evaluation comes later
– Criticism quenches creative fire; it shuts off the flow of ideas

» Welcome creative thinking
– Encourage wild ideas
– They expand the envelope of ideas, possibly leading to workable 

solutions we otherwise never would have reached 

» Aim for quantity of ideas
» Allow combining and extending ideas

– Encourage interaction among team members
– “Run the rut” on an idea
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Preparing for Brainstorming

� Make sure the problem is clearly defined and understood by all
» Objectives Trees help with this

� Focus on a sub-function rather than on the whole product.  
» Functional Models and Morphological Charts help with this

� Assign one person to be the moderator
» Moderator manages the session

» Make sure the rules are followed

� Assign another person to be the note-taker or scribe
» Scribe writes down all ideas suggested
» Rotate this responsibility so all have a chance to participate in 

brainstorming (scribes typically cannot record and generate ideas)
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Photo strip about brainstorming
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Morphological Chart
� Used to generate possible design solutions

» After the problem and the function of the device is understood, 
brainstorming can be used to generate potential solutions

� Very useful visual way of organizing  and assessing the range 
of possible solution combinations for a problem

� Very simple – it is a table
» Sub-functions listed in the first column
» Possible solutions to each sub-function shown in the rows to the right
» Possible solutions then selected to form a concept variant

Concept variant
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