Design & Development

Developing Design Candidates
Select the Best Design (Solution)
Construct a Prototype

Design Process
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Design Step Outcome

Development Design Creative Methods, Mockups / Rapid
Candidates Innovation Prototyping

SeIect.the Best Design Optimization Prlmary/Secondary
(Solution) Design

Design & Development

Machining / Rapid Artifact / Fully functional

P
Construct a Prototype Prototyping S
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Design & Development Artifact - Definition

Create an artifact that addresses the explicated
problem and fulfill the defined requirements.

MAE 162 D/E — Mechanical Engineering Design 1 / Il
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Design & Development Artifact - Definition

Research strategies
Research methods
' Practice-based approaches

Artefact outline De5|gn gnd Develop Artefact Artefact
and requirements Imaglne and SkE[Ch and Artefact kno\wledge
Brainstorm Build
Assess and Justify and
Select Reflect
A

Previous research
Knowledge about
existing artefacts

Stakeholder ideas
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Design Methods - Goals

Design Methods

Formalize Externalize

procedures of design design thinking

_ Communication
Problem Solutions Get your thoughts and thinking processes
Avoid overlooking factors Widen the search out of your head and into the charts
and diagrams

MAE 162 D/E — Mechanical Engineering Design 1 / Il U c L A
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Design Methods

Brainstorming

Synectics

A 4

Enlarge Search Space

User Scenarios

Objective Tree

Design Methods

Function Analysis

Performance Spec

Rational Methods
Morphological Chart

Weighted Objectives

Value Engineering
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Design Methods - Creative Methods

Brainstorming

> Creative Methods

Enlarge Search Space

User Scenarios
Objective Tree
Design Methods

Function Analysis

Performance Spec

Rational Methods
Morphological Chart

Weighted Objectives

Value Engineering
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Brainstorming
Creative Methods - Design Methods

« Aim
» Generating a large number of ideas,
* Most of the ideas will subsequently be discarded,
* Few novel ideas being identified as worth following up.

* Protocol
* Duration: 20-30 min
Group Leader Role
« Formulate the problem statement used as a starting point
* Ensure that the format of the method is followed,
» Ensure that it does not degenerate into a round-table discussion

« Step 1:
+ Spend a few minutes, in silence, writing down the first ideas that come into your head
» Step 2:

« Each group member, in turn, read out one idea from his or her set.
* The most important rule here is that no criticism is allowed from any other member of the group.
« Step 3:

* In Lesponseéo every other person's idea is to try to build on it, to take it a stage further, to use it as a stimulus for other ideas, or to combine it with his
or her own ideas.

+ Make a short pause after each idea is read out, to allow a moment for reflection and for writing down further new ideas.
« Step 4:
» Classify the ideas into related groups

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
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Design Methods - Creative Methods

Brainstorming

> Creative Methods

Enlarge Search Space

User Scenarios
Objective Tree
Design Methods

Function Analysis

Performance Spec

Rational Methods
Morphological Chart

Weighted Objectives

Value Engineering
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Synectics
Creative Methods - Design Methods

* Synectics - Creative thinking often draws on analogical
thinking, on the ability to see parallels or connections between
apparently dissimilar topics.

* Analogical Thinking (Definition) - Analogical thinking is what
we do when we use information from one domain (the source or
analogy) to help solve a problem in another domain (the target).

* Bisociation - A blending of elements drawn from two previously
unrelated patterns of thought into a new pattern.

 Blend of bi- + association; coined by Hungarian-British author
Arthur Koestler in his 1964 book The Act of Creation.

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
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Synectics - Bisociation
Creative Methods - Design Methods

Arthur Koestler
The Act of Creation 1964 =
MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA © All Rights Reserved
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Synectics -
Creative Methods - Design Methods

* Synectics versus Brainstorming

Method Brainstorming Synectics
Number of Solutions Large Single
Length of the session Short Long
 Mechanical Eneincering Deci
structor~ Jacob Rosm oD UCLA © Al Rights Reserved



Direct Analogy - Synectics - Types of Analogies
Creative Methods - Design Methods

 Direct Analogy — Seeking Biological solution to similar problem
« Example — Velcro

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA

Instructor — Jacob Rosen PhD. © All Rights Reserved



Personal Analogy - Synectics - Types of Analogies
Creative Methods - Design Methods

* Personal Analogy — The team members imagine what it would
be like to use oneself as the system or component that is being
designed.

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
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Symbolic Analogy - Synectics - Types of Analogies
Creative Methods - Design Methods

« Symbolic Analogy - Symbolic Analogy bases around
examinations of objects’ properties in an abstract fashion.

-

_— Upward movement Diffusion
’\/¢: am > O-Leaves>—@ through

through xylem

[

|

Xy!em

:

Root cortex

A @ <« Root g o Waterin g

hair the soil
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Fantasy Analogies - Synectics - Types of Analogies
Creative Methods - Design Methods

« Fantasy Analogies - ‘Impossible' wishes for things to be achieved in
some 'magical’ way.

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
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Session Protocol - Synectics
Creative Methods - Design Methods

e Session Protocol

« Starts with the '‘problem as given® - the problem statement as
presented by the client or company management.

 Seek Analogies (Understand the Problem) - help to 'make the
strange familiar', i.e. expressing the problem in terms of some more
familiar (but perhaps rather distant) analogy.

« Conceptualization of the '‘problem as understood‘ — Understand the
key factor or elements of the problem that need to be resolved, or
perhaps a complete reformulation of the problem.

« Seek Unusual & Creative Analogies (Create Solutions) - May lead
to novel solution concepts. The analogies are used to open up lines of
development which are pursued as hard and as imaginatively as
possible by the group.

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
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Synectics - Analogies -
Example Fork Lift / Bendi Truck
Creative Methods - Design Methods

Head Length

Load Length

Y Overhead
/L8 Guard

13-1/2' aisle
rack-to-rack

13' aisle
pallet-to-pallet

Front Wheel Rear Wheel
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Synectics - Analogies -
Example Fork Lift / Bendi Truck
Creative Methods - Design Methods
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Synectics - Analogies -
Example ForkLift / Benditruck
Creative Methods - Design Methods

LN
-'}& 31;_',,"

CXm
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Synectics - Analogies -
Example Fork Lift / Bendi Truck
Creative Methods - Design Methods
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Design Methods - Creative Methods

Brainstorming

> Creative Methods

Enlarge Search Space

User Scenarios
Objective Tree
Design Methods

Function Analysis

Performance Spec

Rational Methods
Morphological Chart

Weighted Objectives

Value Engineering
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Enlarge the Search Space
Creative Methods - Design Methods

« Aim: A common form of mental block to creative thinking is to
assume rather narrow boundaries within which a solution is
sought. Many creativity technigues are aids to enlarging the
'search space'.

Solution

MAE 162 D/E — Mechanical Engineering Design 1 / Il U C L A
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Transformation - Enlarge the Search Space
Creative Methods - Design Methods

» Transformation - 'transform' the search for a solution from one
area to another. This often involves applying verbs that will
transform the problem in some way, such as

magnify, minify, modify, unify, subdue, subtract, add, divide,
multiply, repeat, replace, relax, dissolve, thicken, soften,
harden, roughen, flatten, rotate, rearrange, reverse, combine,
separate, substitute, eliminate.

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
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Transformation - Example
Enlarge the Search Space
Creative Methods - Design Methods

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
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https://youtu.be/dIxJ65WRYOE

From the Moon to Mars



https://youtu.be/aIgmMXZ7008
https://youtu.be/aIgmMXZ7008
https://youtu.be/dlxJ65WRy0E

NASA Reinvented The Wheel - Shape Memory Alloy Tires

3 YouTube



https://youtu.be/aIgmMXZ7008
https://youtu.be/aIgmMXZ7008
https://youtu.be/4LOOTyuLjLU

| https://youtu.be/pvKIzIdni68
Field Trials Utah: Robot team simulates Mars mission in Utah
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Random Input - Enlarge the Search Space
Creative Methods - Design Methods

 Random Input - Creativity can be triggered by random inputs from
whatever source.

« Opening a dictionary or other book and choosing a word at random and using that
to stimulate thought on the problem in hand.

« Switch on a television set and use the first visual image as the random input
stimulus.

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
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Why? Why? Why? - Enlarge the Search Space
Creative Methods - Design Methods

* Why? Why? Why? - .
« Ask a string of questions ":why?' about the problem:
* 'Why Is this device necessary?'’
 Why can't it be eliminated?’

« Each answer is followed up, with another "'Why?' until a dead
end Is reached or an unexpected answer prompts an idea for
a solution.

* There may be several answers to any particular 'Why?', and
these can be charted as a network of question-and-answer
chains.

MAE 162 D/E — Mechanical Engineering Design 1 / Il A
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Counter Planning - Enlarge the Search Space
Creative Methods - Design Methods

« Counter Planning

* Thesis — Antithesis — Synthesis - The concept of the dialectic, i.e.
pitting an idea (the thesis) against its opposite (the antithesis) in
order to generate a new idea (the synthesis).

 Conventional - Opposite - Compromise - Challenge a conventional

solution to a problem by proposing its deliberate opposite, and seeking
a compromise.

« Synthesis - Two completely different solutions can be deliberately
generated, with the intention of combining the best features of each
Into a new synthesis.

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
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Generalized Creative Methods
Creative Methods - Design Methods

 'Ah-hal!* moment - Generalized Creative Methods

* This general pattern is the following sequence

« Recognition is the first realization or acknowledgement that 'a
problem' exists.

- Preparation is the application of deliberate effort to understand the
problem.

* Incubation is a period of leaving it to 'mull over' in the mind, allowing
one's subconscious to go to work.

* [llumination is the (often quite sudden) perception or formulation of the
key idea.

 Verification is the hard work of developing and testing the idea.

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
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Generalized Creative Methods
Creative Methods - Design Methods

99%

100% 1%

Creative
Work

Preparation
Incubation
Verification

Inspiration
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Albert Einstein: How did he come up with ideas? | Understanding Einstein's Mind



https://youtu.be/aIgmMXZ7008
https://youtu.be/aIgmMXZ7008
https://youtu.be/QEoqBjRZr1g

3 YouTube

le - Mark Salata

princip

How taking a bath led to Archimedes’

Version 1
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Version 2: The real story behind Archimedes’ Eureka! - Armand D'Angour
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Generalized Creative Methods
Creative Methods - Design Methods

* Work — Relaxation — Work - The process is essentially work —
relaxation — work, with the creative insight occurring in a
period.

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
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Design Methods - Rational Methods

Design Methods

Creative Methods

Brainstorming

Enlarge Search Space

> Rational Methods

User Scenarios

Objective Tree

Function Analysis

Performance Spec

Morphological Chart

Weighted Objectives
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Rational Methods - Design Methods

General Aim
Identify Opportunities
Clarify Objectives

Establishing Function
Setting Requirements

Determining Characteristics

Method
User Scenarios

Objective Tree

Function Analysis

Performance Specification

Quality Function Deployments (arp)

Specific Aim

Identify and define an opportunity for a new or improved product.
Clarify design objectives and sub objectives, and the relationships
between them.

Establish the functions required, and the system boundary, of a
new design.

Make an accurate specification of the performance required of a
design solution.

Set targets to be achieved for the engineering characteristics of
a product, such that they satisfy customer requirements.

Generating Alternatives
Evaluating Alternatives

Improving Details

Morphological Chart
Weighted Objectives

Value Engineering

Generate the complete range of alternative design solutions for a
product.

Compare the utility values of alternative design proposals, on the
basis of performance against differentially weighted objectives.

Increase or maintain the value of a product to its purchaser whilst
reducing its cost to its producer.

MAE 162 D/E — Mechanical Engineering Design 1 / Il
Instructor — Jacob Rosen PhD.
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Rational Methods - Design Methods

Overall Overall
problem L2 * solution
Clarifying identifying Improving
‘.' objectives bl opportunities il details
‘ \
° Establishing Evaluating
functions alternatives

alternatives

Setting |  Determining Generating
v requirements characteristics "

Sub-probiems

Sub-solutions
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Generating Alternatives
Morphological Chart Method
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Generating Alternatives - Introduction
Rational Methods - Design Methods

« Solution Generation - The generation of solutions is, of
course, the essential, central aspect of designing

 Variation / Modification to an Existing Artifact - most
designing Is actually a variation from or modification to an
already existing product or machine. Clients and customers
usually want improvements rather than novelties.

MAE 162 D/E — Mechanical Engineering Design 1 / Il A
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Variation

* In a display there are 3 students and 3 chairs standing in a row.

* In how many different orders can the students sit on these
chairs?

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA

Instructor — Jacob Rosen PhD. © All Rights Reserved



Variation

o 31=1Xx2Xx3=6

AR NAR AAR
AR AAR AAR
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Variations (Factorial)

Number of Objects m Number of orders

Number of Objects _________

1 1! 1

2 2! 2

3 3! 6

4 41 24

5 5! 120

6 6! 720

7 7! 5040

8 8! 40,320

9 9! 362,880

10 10! 3,628,800

20 20! 2,432,902,000,000,000,000e=2.4e+18

26 26! 403,291,460,000,000,000,000,000,000=4.0329146e+26
netuctor -t Rosen D, UCLA © Al Rights Reserved



The factorial function
always overtakes an
exponential function

Bx10 '

w1 =
A=10
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2510 '
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18 19 20 o1 29
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The Evolution of 8 Objects Americans Use Every Day
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https://www.cashnetusa.com/blog/evolution-of-8-objects-americans-use-every-day/

TELEPHONE

Phones evolved to be smaller and lighter, until going fully mobile
with the creation of cell phones.

1900s 1920s 1940s 19605 1980s 2000s
Strowger Kellogg Dial Western Electric 500 The Trimline AT&T Cordless iPhone
Candlestick Phone Grabaphone Telephone 4400
- . L] L . L - L] . - K
A Ty g
1910s 1930s 19505 1970s 1990s 2010s
Model SOAL Western Electric The Princess Novelty Phones Nokia 1610 iPhone X
Candlestick 302
MAE 162 D/E — Mechanical Engineering Design 1 / Il
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Dial a rotary phone



https://youtu.be/aIgmMXZ7008
https://youtu.be/aIgmMXZ7008
https://youtu.be/1OADXNGnJok
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* SIGNIFICANTLY SHORTER KEYING TIME ¥SIGNIFICANTLY MORE PREFERRED
t SIGNIFICANTLY LOWER ERROR RATE
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TV

Through the decades, TVs grew both larger and slimmer.

19205 19405 1960s 1980s 2000s

Image Dissector RCA 630-TS Predicta Magnavox Tabletop Samsung Smart TV

1930s 1950s 1970s 1990s 2010s
RCA TRK-12 Westinghouse Sony 19" KV-1920 Philips Flat TV Samsung Curved
HB40CK15 Color UHD TV
Spot
MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
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Fans transitioned from heavy-duty metal to lightweight

FAN

plastic models, before going completely bladeless.

:

-

19005 1920s 1960s 1980s 2000s
Crocker-Wheeler GE "Quiet Fan™ Eskimo Box Fan Blue Blade Dyson Air
Electric fan Multiplier

|

1910s

Westinghouse Electric
Brass Fan

1930s

Emerson
“Silver Swan"

1950s

GE Model F11A103

|
A

1970s

Panasonic 16-Inch
Electric Desk Fan

i

'//

W

g \Qflﬁ@

1990s

Super 127
Desk Fan

I
2010s
Dyson Pure Cool

gSpot

MAE 162 D/E — Mechanical Engineering Design 1 / Il
Instructor — Jacob Rosen PhD.

UCLA

© All Rights Reserved



1900s 1920s

Hoover 700

Hoover Model 0

VACUUM CLEANER

Since their inception, vacuum cleaners have evolved to be smaller

and more portable, with the goal of making cleaning easier.

-
1940s 1960s

Electrolux Z36

The Hoover
Constellation

L

1910s
The Royal Standard

% "

1930s 19505 1970s 1990s 2010s
Hoover Mode! 150 The Hamiiton Interstate Engineering Dyson DCO1L Dyson 360 Eye
Beach Model 14 Corporation's Model C-8 Bagless 'Hoover'

Spot
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HEADPHONES

Headphones evolved from bulky over-ear speakers to nearly
invisible buds, as the technology focused on music.

n ] M i i
'—lh Ak SIGI‘EE al! W
19005 1920s 19405 19605 1980s 2000s
Electrophons Brandes AKG K120 DYM Koss ESP-6 Walkman iPod Earbuds
Superior Headphone
™ ™ ! - - - - l - - -
( Ty
f \ ¥
Py
= C i
1910s 1930s 1950s 1970s 1990s 2010s
Baldy Phones Ericsson HKoss 5P3 Sennhelser Sony MDR-GE1 Apple AlrPods
Headphonas Stereophones HD414
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CAR

Cars grew larger through the decades until the 1980s,
when design became more economical.

Cm—C —Q—— @ " ®

1900s 1920s 1940s 1960s 19805 2000s
Oldsmobile Chrysler Model 1949 Ford Ford Galaxie Ford Escort Toyota Prius
Curved Dash B-70 500

| —— -
® D= © O
1910s 1930s 19505 1970s 1990s 2010s
Ford Model T Ford Model 18 Chevrolet Impala Oldsmobile Cutlass Ford Taurus Toyota Camry
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SNEAKERS

Once used almost exclusively for sports and leisure activities,
sneakers evolved into fashion statements.

e
19005 1920s 1940s 1960s 1980s 2000s
The "Pettitt™ Spring Court G1 Adolf Dassler Adidas Adidas Stan Smith Nike Air Jordans 1 Nike Free 5.0
Match Shoe Sportshuehe

. . . B . B . . °
e e S o
-, 2B
1910s 1930s 1950s 1970s 1990s 2010s
Converse All Star B.F. Goodrich Adidas Samba Nike Waffle Tread Nike Air Max 90 Nike VaporMax
PF Flyers (Air Max I11)

>PDOL
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HOME AUDIO SYSTEM

Home audio systems transitioned from ornate wooden designs
to compact, unobtrusive designs.

=

1900s 1920s 1940s 1960s 1980s 2000s
Victor Victrola Victrola Admiral Home 8-Track Home JVC RC-MS0 Sonos ZP100
Talking Machine Portable Entertainment System Deck *Boombox™
|

iy =]

1910s 1930s 1950s 1970s 1990s 2010s
Edison’s Disc Zenith Z1000 Harman Kardon Advent Model 200 Sony SCD-1 Smart Speakers
Phonograph Cabinets Stratosphere Festival TA230 CD Player
Spot
MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
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Generating Alternatives - Morphological Chart
Rational Methods - Design Methods

Aim - Generate the complete range of alternative design solutions - The aim of the morphological chart
method is to generate the complete range of alternative design solutions for a product, and hence to widen the
search for potential new solutions.

1. List the features / functions /design blocks - List the features or functions that are essential to the product.
Whilst not being too long, the list must comprehensively cover the functions, at an appropriate level of
generalization.

2. List the means by which features/functions might be achieved - For each feature or function list the means
by which it might be achieved. These lists might include new ideas as well as known existing components or sub
solutions (3-8).

3. Draw up a chart containing all the possible sub solutions (Morph Chart). This morphological chart
represents the total solution space for the product, made up of the combinations of sub solutions.

4. Construction a Solution - Identify feasible combinations of sub solutions - The total number of possible
combinations may be very large, and so search strategies may have to be guided by constraints or criteria.

« Method 1 — choose only a restricted set of sub solutions from each row - say, those that are known to be
efficient or practical, or look promising

« Method 2 - identify the infeasible sub solutions, or incompatible pairs of sub solutions, and so rule out
those combinations that would include them

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
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Generating Alternatives - Morphological Chart
Rational Methods - Design Methods

« When to stop generating solutions

« Generate broad range of the design space
Representative
Diverse
Creative

e 20 solutions

Method 1 — choose only a restricted set of sub solutions from each row - say, those that are known to be
efficient or practical, or look promising

« Method 2 - identify the infeasible sub solutions, or incompatible pairs of sub solutions, and so rule out
those combinations that would include them

MAE 162 D/E — Mechanical Engineering Design 1 / Il CLA
Instructor — Jacob Rosen PhD. U © All Rights Reserved



Example: Water Bottle
Morphological Chart

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
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Example: Water Bottle
Morphological Chart - Step 1

« 1. List the features / functions / design blocks - List the features or functions that are
essential to the product. Whilst not being too long, the list must comprehensively cover
the functions, at an appropriate level of generalization.

Mouth Piece
Container

Handle

Geometry D:H Ratio
Shape

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
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Example: Water Bottle
Morphological Chart - Step 2 & 3

2. List the means by which features/functions might be achieved - For each feature or
function list the means by which it might be achieved. These lists might include new ideas
as well as known existing components or sub solutions.

3. Draw up a chart containing all the possible sub solutions (Morph Chart). This
morphological chart represents the total solution space for the product, made up of the
combinations of sub solutions.

Number of solutions

Mouth Piece Twist Top Faucet Rubber Nipple Pull Top AXAX3X3X4=576
Container Plastic Disposal Metal Glass
Handle Top Body Attached (pouch)
Geometry D:H Ratio <1:2 1.2-1:3 >1:3
Shape Ergonomic Pouch Straight Ribbed
:\r/IISAtI:ulciirD_/fa:xe;:::;cs:‘Er.\gineering pestent /1 U CLA © All Rights Reserved



Example: Water Bottle
Morphological Chart - Step 4

4. ldentify feasible combinations of sub solutions - The total number of possible
combinations may be very large, and so search strategies may have to be guided by
constraints or criteria.

Metal Water Bottle

Mouth Piece Twist Top Faucet Rubber Nipple Pull Top
Container Plastic Disposal Metal Glass
|:> Handle Top Body Attached (pouch)
Geometry D:H Ratio <1:2 1.2-1:3 >1:3
Shape Ergonomic Pouch Constant Diameter  Ribbed ~

Note: Skip a line (design block)

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
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Example: Water Bottle
Morphological Chart - Step 4

4. ldentify feasible combinations of sub solutions - The total number of possible
combinations may be very large, and so search strategies may have to be guided by
constraints or criteria.

Water Pouch Backpack

Mouth Piece Twist Top Faucet / Spigot Rubber Nipple Pull Top
Container Plastic Disposal Metal Glass
Handle Top Body Attached (pouch)

|:> Geometry D:H Ratio <1:2 1:2-1:3 >1:3
Shape Ergonomic Pouch Constant Diameter Ribbed

Note: Skip a line (design block)

MAE 162 D/E — Mechanical Engineering Design 1 / Il
Instructor — Jacob Rosen PhD. UCLA
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Example: Water Bottle
Morphological Chart - Step 4

4. ldentify feasible combinations of sub solutions - The total number of possible
combinations may be very large, and so search strategies may have to be guided by
constraints or criteria.

Water bottle Disposable

Mouth Piece Twist Top Faucet / Spigot Rubber Nipple Pull Top
Container Plastic Disposal Metal Glass ‘ )
= b
Handle Top Body Attached (pouch) :‘ 5
Geometry D:H Ratio <1:2 1:2-1:3 >1:3 i
Shape Ergonomic Pouch Constant Diameter Ribbed v as
Note: Multiple options of the same design block ﬂ | |
MAE 162 D/E — Mechanical Engineering Design 1 / Il
Instructor — Jacob Rosen PhD. UCLA © All Rights Reserved



Example: Water Bottle
Morphological Chart - Step 4

4. ldentify feasible combinations of sub solutions - The total number of possible
combinations may be very large, and so search strategies may have to be guided by
constraints or criteria.

Mouth Piece Twist Top Faucet / Spigot Rubber Nipple Pull Top
Container Plastic Disposal Metal Glass
Handle Top Body Attached (pouch)

Geometry D:H Ratio <1:2 1:2-1:3 >1:3

Shape Ergonomic Pouch Constant Diameter Ribbed

Note: Non Reasonable solutions

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA

Instructor — Jacob Rosen PhD. © All Rights Reserved



Example: Shaft Coupling
Morphological Chart

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
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Example: Shaft Coupling
Morphological Chart

oS

component

Driven

i

@1
O “lo t

Retaining
element

Rope

2

Sphere
O
Cyl nder

Tronsfer
element

O

IR
@
- \\ ‘
@®

Segment

Varighon

componen!

3 |®

Drive

i

Analysis

Combination

& )

(CJOIOIO)
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Example: Shaft Coupling
Morphological Chart

oS

component

Driven

i

@1
O “lo t

Retaining
element

Rope

2

Sphere
O
Cyl nder

Tronsfer
element

O

IR
@
- \\ ‘
@®

Segment

Varighon

componen!

3 |®

Drive

i

Analysis

Combination

& )

(CJOIOIO)
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Example: Shaft Coupling
Morphological Chart

Torison guard or

Centering of the the cage

steering cage Radially

sloped carrier

Driven shaft

S — Flexible polyamide
eering cage B ring, reinforced
(Keeps ball bearings wn% fabric

in central plane)

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
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Example: Fork Lift Truck
Morphological Chart
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Example: Fork Lift Truck
Morphological Chart

Feature Means

Support Wheels Track cu:tiw:on Slides Pedipulators
Prapulsion brisod it | akie | e

Power Electric Petrol Diesel B;:':d Steam
Transmission Gesahr:ﬂasnd Belts Chains Hydraulic F::ea)glbele
Steering T\:/jr::ienlg thl:li:st Rails

Stopping Brakes R&vr:;ste Ratchet

Hgate | Robwel | g | fune

Operator Sefar;enc: - 3?22? Standing Walking 23:::?;?

MAE 162 D/E — Mechanical Engineering Design 1 / Il
Instructor — Jacob Rosen PhD.
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Example: Fork Lift Truck
Morphological Chart

Feature Means
Air : o
Support Track ielian Slides Pedipulators
Piculiion Driven Air Moving Linear
P wheels thrust cable induction
Power Petrol Diesel Soktind Steam
gas
Transmission Goars and Belts Chains Hydraulic Plexible
shafts cable
" Turning Air :
Stsering wheels thrust =
‘i
; ~ Reverse
Stopping | _ thrust Ratchet
- o — —~
- Hydraulic Rack and Chain or
Lifting ! Screw :
ram pinion rope hoist
Seated at Seated Wi B
ated a eate . . ‘ emole
Operator P o Standing Walking

MAE 162 D/E — Mechanical Engineering Design 1 / Il

Instructor — Jacob Rosen PhD.

UCLA
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Example: Fork Lift Truck
Morphological Chart

,@'am‘{
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Aliens - Power Loader



https://youtu.be/aIgmMXZ7008
https://youtu.be/aIgmMXZ7008
https://youtu.be/FSrcMaid0mg

Evaluating Alternatives
Weighted Objectives Method

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
Instructor — Jacob Rosen PhD. © All Rights Reserved



Weighted Objectives Method
Rational Methods - Design Methods

« Aim - Compare the utility values of alternative design proposals - The aim of the weighted objectives
method is to compare the utility values of alternative design proposals, on the basis of performance against
differentially weighted objectives.

1. List the design objectives - These may need modification from an initial listi an objectives tree can also be a
useful feature of this method.

2. Rank-order the list of objectives - Pair-wise comparisons may help to establish the rank order.

3. Assign relative weightings to the objectives - These numerical values should be on an interval scalei an
alternative is to assign relative weights at different levels of an objectives tree, so that all weights sum to 1.0.

4. Tabulate the objectives parameters for each design candidate

5. Establish performance parameters or utility scores for each of the objectives - Both quantitative and
gualitative objectives should be reduced to performance on simple points scales.

6. Calculate and compare the relative utility values of the alternative designs - Multiply each parameter score
by its weighted value: the 'best’ alternative has the highest sum value. Comparison and discussion of utility value
profiles may be a better design aid than simply choosing the 'best'.

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
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Example: Shaft Hub - Dynamics Test Rig

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
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Example: Test Rig

Weighted Objectives Method - Step 1

List the design objectives - These
may need modification from an initial list
of an objectives tree can also be a useful

feature of this method.

* Quantitative assessment -
performance - An objective should be
stated in such a way that a
guantitative assessment can be made
of the performance achieved by a

design on that objective.
Example: Test Rig
Objectives
* (A) Reliable Operation
« (B) High Safety
« (C) Simple Production

* (D) Good Operational Characteristics

MAE 162 D/E — Mechanical Engineering Design 1 / Il

Instructor — Jacob Rosen PhD.

Reliable
and simple
testing
device

Low wear of
moving parts

Good .
reproducibility of Low susceptibility
torque-time to vibrations
curve

Reliable
operation

Few disturbing
factors

Tolerance of
overloading
High mechanical
safety

High
safety

Few possible
operalor errors

UCLA

Small number
of components
Low complexity
of components

Simple component
production

Simple

production Many standard

and bought-out
parts

Simple
assembly

Easy
maintenance
Good
operating
characteristics Ouick exchange of
Easy test connections
handling

Good accessibility of
measuring systems

© All Rights Reserved



Example: Test Rig
Weighted Objectives Method - Step 2

Rank-order the list of objectives - Objectives A B C D E Row totals
Pair-wise comparisons help to establish A - B 0 0 1 1
the rank order.

o | | . B 1 — 1 1 1 4
Step 2.1 - Each objective is considered in turn against
each of the others. A figure 1 or 0 is entered into the C’ 1 0 — 1 1 3
relevant matrix cell in the chart, depending on whether
the first objective is considered more or less important D 1 0 0 — 1 2
than the second, and so on.
For example, start with objective A and work along the E 0 0 0 O — 0
chart row, asking 'ls A more important than B?' ... 'than
C?'...'than D?', etc. Ifitis considered more

important, a 1 is entered in the matrix cell; if it is
considered less important, a O is entered.

Ranked Order of Objectives

Verification Note: The upper right triangle matrix is
inverted to the bottom lower triangle matric (inverse
symmetry along the diagonal)

Step 2.2 — Sum up the rows and order the objective
according to their ranks

M > O N

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
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Example: Test Rig
Weighted Objectives Method - Step 3

Assign relative weightings to the

objectives - 10 B
9
3.1 Version 1 - Assign a numerical 3
value to each objective, representing its :
weight relative to the other objectives. Y € £ 10 Lizs U
6 C 7 7/28 0.25
4 D ) 5/28 0.18
5 D
A 4 4/28 0.15
4 A
E 2 2/28 0.07
3
2 X
1
:\r/‘ISAtI:ulcﬁtirl)_/fa:cl)th’e;:::;cs:‘Er.\gineering pestent /1 U CLA © All Rights Reserved



Example: Test Rig

Weighted Objectives Method - Step 3

Assign relative weightings to the
objectives —

3.1 Version 2 - Decide to share a
certain number of 'points' - say, 100 -
amongst all the objectives, awarding
points on relative value and making
tradeoffs and adjustments between the
points awarded to different objectives
until acceptable relative allocations are
achieved.

MAE 162 D/E — Mechanical Engineering Design 1 / Il
Instructor — Jacob Rosen PhD.

B 35
C r .
D 8
A 15
E 7
UCLA

m >» O O @

0.35
0.25
0.18
0.15
0.07
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Example: Test Rig
Weighted Objectives Method - Step 3

Level

3.2 Repeat the weight assignment to
each level of the objective tree
(Bottom left corner of each triangle)

Note: the sum of all the branches are
equal to 1

Level 1: 1

Level 2: 0.5+0.25+0.25=1
Level 3: 0.67+0.34=1; 0.34+0.33+0.33=1

0424 [/ Vr22 \%
L()._:Bﬁb 0.0 LU . .

Level 4: 0.25+0.75=1; 0.5+0.5=1

+ 009 + 0.04 04 + 008 + 025=10

MAE 162 D/E — Mechanical Engineering Design 1 / Il
Instructor — Jacob Rosen PhD.
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Example: Test Rig
Weighted Objectives Method - Step 3

3.3 Calculate the TRUE value of the
weight of each objective using the
value of the weight of the objective of
the above value (bottom right of each

triangle)
Level 2:

+ 1x0.5=0.5

« 1x0.25=0.25

« 1x0.25=0.25
Level 3:

* 0.5x0.67=0.34
* 0.5x0.33=0.16
Level 4:

« 0.67x0.25=0.09
« 0.67x0.75=0.25

” g
Y-

004 + 008 + 025=10

MAE 162 D/E — Mechanical Engineering Design 1 / Il
Instructor — Jacob Rosen PhD.
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Example: Test Rig
Weighted Objectives Method - Step 3

Level
3.4 Drop down all the TRUE weights
of all the objectives L
Note: The sum of all the weights mare
equal to zero
2
:
|
|
3 :
E
: :
| |
I |
) [
4 foy : :
) : :
0.25 .09 0.75§0.25 | :

TN H O N TR A
MAE 162 D/E — Mechanical Engineering Design 1 / Il

Instructor — Jacob Rosen PhD. UCLA
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Reliable
operation

::“&.A wv<... _”Qb

High safety

Reliable and
simple testing
device

v{-"d {:“4

wy;=0.3 |w.;,=03

Simple
production

—\\_uH.O.,_ ,,i...whc.g

Good operating
characteristics

idhuo.w wzzbuonw

Good reproducibility Low wear of
of torque-time moving parts
curve
Yin= | W= Wimnm= |[Wamnm=
0.7 0.28 0.2 0.056
Tolerance of Low susceptibility
overloading to vibrations
W= | Wan= W= | M=
03 | 012 | 05 0.14
I
" Few disturbing
High mechanical |1 factors
safety “
I W= | W=
, I
Win= | War= |
0.7 021 |
Ressonties
Few possible r
1
Operator efrors 1 | Small number
: " of components
W= | Wa= |,
a3 _| oe Win= |[Woan=
05 0.03
Simple component Low complexity
production of components
06 | 0.06 02 | 0012
Simple assembly Many standard
and bought-out
Wi3= | Wa=
0.4 0.04
| I
. I
Easy maintenance | Quick exchange
1 [I] of test connections
|
Win= | W= || W= | War=
03 | 006 0.6 0.084
Easy handling Good accessibility
of measuring
system
W= | Wne= W= W=
07 | 0.14 04 | 0.056

UCLA
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Vanant V, Vananl V, Vanant V, Vanan! V,
Weighted Weighted Weighted We:ghted
Magn. | Value ' value | Magn.  Value  value | Magn  Value  valve | Magn.  Value  value
Unit m, | V., W, m, V., ' W, m, V. wv,, m, V. wv,

mh | 3 | 0168 | low | 6 ' 03% |aveage 4 ' 0224 | lw | & | 03%
!

410 3 | oa0 | 230 | 7 o090 | 23 | 7 | o090 | <40 | 2 | 020

high 2 0.168 ow . 7 0.588 ow @ 6 0504 |(average)| 4 0.336

% | 5 s | 0600 | 10 7 | o8 | 10 7 | os0 | 2 B | 0960
. . , ' bRk 1 5 30 > 6olen st
average | 4 | 0840 | hgh 7 1470 | High 7 1.470 :g',{ 8 | 1680
e cine ma ' - 5 W L *snbosvonad
high 3 | 027 low 7 | 0630 low 6 0540 |average i 4 0.360
- — el - — — - » . s
- | average ] T 0.150 | average 4 0120 | average 4 0.120 low 6 0:180
L- - - J- . - - L-- -— ""1?" * Sr—
w | 5 Toxe |l m 7 | 0084 |average| S | 0060 | mon | 3 | 003
R v wle Wi St Bt aiting lins a3 Weanilhe o i s —e——
low 2 | 003 |awerage | 6 | 0108 |average . 6 0108 | Mgh 8 0.144
o e e i SE I SEELE i e " - __T‘ e e S
low 3 | 0120 |average | 5 | 0200 |average| 5 | 0200 hngU 7 | 0280
- g - ‘ > [ERPRIRALY| (SN

average | 4 | 0240 | low 8 | 0480 | low 7 | 0420 | mgh 3 | 0180

min 180 - 03386 120 7 0.588 120 7 0.588 180 4 0.336

good 7 0392 | good 7 0392 | good 7 0392 | average 5 0.280
OV, =5 | OWY, = OV, =85 | OWV,= OV,=78 | OWV,= OV, =68 | OWV, =
3812 6816 6.446 5.388

1 "
R,=0.39 WA, = | R,=085 |WR, =068 R, =050 WA, = R, =052 WA, =054




Example: Test Rig
Weighted Objectives Method - Step 4

Tabulate the objectives parameters
for each design candidate

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA

Instructor — Jacob Rosen PhD. © All Rights Reserved



Evaluation criteria Ebiective Variant V; (e.g.Eng. Il' Variant V5 (e.g.Eng.,) Variant '.f’J Variant Vin
arameters o . o _
Value | Weighted Value | Weighted Value | Weighted Value | Weighted]
Vit value Viz value Yi :IE’!,{’UE Vim | value
Wy Wi i Wim
Low fuel Fuel
consumption ' consumption
Light weight Mass per
construction ' unit power
Simple Simplicity of J
production || components
Long service Service
life = | life
)
MAE 162 D/E — Mechanical Engineering Design 1 / Il
Instructor — Jacob Rosen PhD. UCLA © All Rights Reserved



Vanant V,

Weighted
value Value
wv, Vs
0.336 4
0.980 7
0.588 6
0.840 7
1.470 7
- 0,630 6
| 0120 4
0.084 5
0.108 6
0.200 5
0.480 7
0.588 7
0.392 7 1
owv, = ov,=78
6816
R,=065 |WA, =068 R,=050 |




Example: Test Rig
Weighted Objectives Method - Step 5

5. Establish performance parameters
or utility scores for each of the

objectives _ Both quantitative and 11-point scale = Meaning 5-point scale  Meaning
qualitative objectives should be reduced 0 Totally useless solution
to performance on simple points scales. _ 0 Inadequate
1 Inadequate solution
2 Very poor solution
3 Poor solution 1 Weak
+ Tolerable solution
5 Adequate solution
5 Satisfactory
6 Satisfactory solution
7 Good solution
B Good
8 Very good solution :
9 Excellent solution
e e = - 4 Excellent
10 Perfect or ideal solution

MAE 162 D/E — Mechanical Engineering Design 1 / Il A
Instructor — Jacob Rosen PhD. UCL © All Rights Reserved



Value scale

Use-value analysis

Guideline VDI 2225

Pts. Meaning Pts. Meaning
0 absolutely useless
solution )
0 unsatisfactory
1 very inadequate solution
2 weak solution
1 just tolerable
3 tolerable solution
4 adequate solution
2 adequate
5 satisfactory solution
6 good solution with
few drawbacks 3 good
7 good solution
8 very good solution
9 solution exceeding 4 very good
the requirement (ideal)
10 ideal solution

11-point scale = Meaning 5-point scale  Meaning
0 Totally useless solution
0 Inadequate
1 Inadequate solution
2 Very poor solution
3 Poor solution 1 Weak
4 Tolerable solution
5 Adequate solution
2 Satisfactory
6 Satisfactory solution
7 Good solution
3 Good
8 Very good solution
9 Excellent solution
4 Excellent
10 Perfect or ideal solution

MAE 162 D/E — Mechanical Engineering Design 1 / Il
Instructor — Jacob Rosen PhD.

UCLA © All Rights Reserved



—y
L}

simple

Value Scale Parameter magnitudes
Use-value | VDI 2225 Fuel Mass per unit | Simplicity | Service life
analysis Pts consumption  power of

Pts q/kWh ka/kW components

0 . extremely

| complicated

2 .

1 complicated

3

4

2 average

5 |

6 3 simple

7

8

9 4 extremely

MAE 162 D/E — Mechanical Engineering Design 1 / Il

Instructor — Jacob Rosen PhD.
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value value
WV, wv,
0 168 0.3%
0420 I 0.980
DO S 0168 0588
m:?nod 0.600 0840
mﬂwu 0.840 | 1.470
] o 027 | 0630
0150 | 0.120
0072 - 0.084
0036 0.108
0120 0200
0.240 | om0
03% 0.588
0.392 | 0392
OV, =51 | OWY, = OV, =85 | OWY, -
3812 x 6816 6.446 5388
R,=0.39 |WR, =038 | R,=085 |WR, =068 R, =050 WA, =064 R, =052 |WR, =054|




Evaluation criteria arameters Variant ¥, (e.g.Eng.q) Variant V, (eg.fng.,) Variant I.fj Variant V.,
Magn. Value Weighted Magn. Value Weighted Magn. Value Weighted
m, vy value ., FIJ value mii “ij value
Wt Unit Wy Wi W
Lowfuel o3 f P N T 8 24 300 5 15 . y W,
consumotion consumption | Twh 1) 1} 1
Lightweight 0.5 ) Mass per kg 1.7 9 135 27 4 0,6 M., v, Wy
construction unit power W 2 2 2
Simple Simplicity of compli
0.1 - 2 0.2 5 05 ¥y, WY,
production components cated a—— M3 3) 3)
Long service Serviee 80000 150000 7 14 v, Wy,
e 02 life km 4 0.4 . mq r 4
" o Yi i M " W i Vi i
" M vn'l wn 1 "h2 Va2 wvnl mnj I"r|| wnj
n
. C?‘Ir‘.| OH'I"I g'.-’:, rJ.-wz 0‘-‘] OIWI-
="
i=1 R WR, 2 WR, U WA

MAE 162 D/E — Mechanical Engineering Design 1 / Il
Instructor — Jacob Rosen PhD.
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Example: Test Rig
Weighted Objectives Method - Step 5

n

5. Calculate and compare the relative Unweighted: OV, = Z Vi

utility values of the alternative J Y

designs - Multiply each parameter score B

by its weighted value: the 'best’ n n
alternative has the highest sum value. sl ! A WL g
Comparison and discussion of utility Weighted: OWV; = Z il A b
value profiles may be a better design aid i=1 i=1

than simply choosing the 'best'.

. oV i=1
Unweighted: R; = — =
' Vmax - 1 Vmax - N
n
y u)i . V”‘

Weighted: WR; = =

" n
Vmax - Z Wi Vmax - Z Wi
i=] i=1

MAE 162 D/E — Mechanical Engineering Design 1 / Il UCLA
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Evaluation criteria Parameters Variant ¥, (e.g.Eng.q) Variant V, (eg.fng.,) Variant I.fj Variant V.,
Magn. Value Weighted Magn. Value Weighted Weighted Magn. Value Weighted
m, vy value ., Vi value value e Vim value
No. Unit W, Wi Wi Wi
Low fuel Fuel
1 240 8 24 300 5 1 Wv.. v W
consumption consumption l:_i’;'-h > 1j Mim im Tm
2 | Ughiweight 015 | Massper K 17 9 135 27 4 06 W V. W
construction ' unit power Tp% ' ' | ‘ 2 Tam 2m m
Simple Simplicity of ) compli v ”
3 oroducton 0.1 components cated 2 0.2 aVerane § 0.5 lwsj my Im ¥ 3m
Long service Service
- 80000 150000 7 1.4 . v, Wy, ¥
o 02 | ¥ km 4 08 my | Vg p m o W,
' W. . v WV. . V. . v :
| | Unweighted| R; = " 2 2 j j j m [ Ymo | e
_ Vmax - N1 '
. : OwWYy;
" | Weighted]WR; = = M2 | Wi Mo Vo " "o | Yom | W
. Vmax - 2 : Wi 0% 0w, A || 78 Ve | W
W= .
| g R
i=1 1=1 2 e, I )| | m W

MAE 162 D/E — Mechanical Engineering Design 1 / Il
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' Vanant V, Vanant V. Vanant V Vanant V,
Evaluation critena Parameters w%m 2 We 3 Weighted Weighted
Magn. | Value by Magn.  Value  value | Magn  Value  valve | Magn.  Value = value
. wt t | m, | v, W, [ m, v, Wy, | my, v, Wy, | m, Y, W,
Low wear of Amount of H 4 | |
1 0.056 gh | 3 0168 low | 6 ° 03% |average 4 0224 ow | 6 0.336
momgpam A ] | |
g Jan|Medenes () w0 | 5 |oes o] 0 joseo | 2 | 7 | om0 | <k | 2 0280
it S e ngh | 2 | 0168 | low , 7 058 | lw . 6 | 0504 |average)| 4 | 03%
: ' :
Tolerance of Overload {
| oratonin tiag | SN “ | s s | 0600 | 10 7 | 080 | w0 7 | os0 | 20 5 | 00
5 ':xy“"""”“ [ [ S —— average | 4 | 080 | hoh | 7 |14 | hgn | 7 | t4m | X |8 | 160
Ll o S 7 Yoo hoh | 3 |02 | lw | 7 | 0630 | lw | 6 | 0500 [aeage| 4 | 030
i 4 i Lilobiss = L & R : b cuiiie ol o y . &> s
N s [y [ owgt| & |0 foewe) 4 |00 fowage| 4 |0 | m | 6 | oW
- - W I }. s o .+. ! = > semmcrey. DS N—_—
8 t,":wm conpexty oo WC“"’"""“ low 6 | 0072 | low 7 | 0084 |average| 5 | 0060 | mgn | 3 1 o0
— v s memes " O feom it oo aniomanad - e o ———
g | |
o & ppoie g 0018 MM low 2 0036 | average 6 | 0108 |average , 6 0108 | Mgh 8 0.144
Wm . N P e e, WP " T T G N R —
s M Y t»d low 3 | 0120 |average| 5 | 0200 [average| 5 | 0200 | mgh | 7 | 0280
= — e sl +__- = - - X - . LTI e o oven RIS
o e 7Y g ooage | 4 | 020 | v | 6 |00 | bw | 7 |o@ | mp | 3 |0
. - E'Bn“ 5??'“'“' mn | 190 | 4 |03 | 120 | 7 |oses | 120 | 7 | oses | w0 | ¢ | 03%
Good accessivilly Accessibilty of g g R e
L oo M LT i v o SO @od | 7 |0 |god | 7 |03 | goa | T |0 |aweuge| 5 | 020
Iw,= OV, =51 | OWV, = £ OV, =85 | OWV, = OV, =78 | OWV, = OV, =68 | OWV, =
10 1812 : 916 6 446 5,388
R, ,o.mm‘ = WA, =068 R, =052 FVR. 3054




Example: Test Rig

Weighted Objectives Method - Value Profile

Utility values were calculated for each w

V,

objective, for each of four alternative
designs. The second alternative (variant

7

Variant V,: OWV, =6.82

Variant V;: OWV3 6.45

V2) emerges as the 'best’ solution, with ; e ! g
an overall utility value of 6.816. 744 ' . 6
’ o 7 N <
However, variant V3 seems quite 7 y// //// 7. \\\\\\\\\\‘ ., 7
: " /// SIS Ao //\\\\\\\\\ _F 7
comparable, with an overall utility value . 7 / \\\\\\ \\\ =
of 6.446. A comparison of the 'value 4 y //// //// /\ \ ;‘ ’
profiles' of these two alternatives was /// / \\\ \\\\ kS ‘
therefore made. This is shown in the ’ /// A L 5
figure , where the thickness of each bar : /////{/7/7/1// ; s, i
in the chart represents the relative 5 — . 5 \Y\\\\\\\ s :
weight of each objective, and its length . /7 4 ANNNNN =Y S
re g : et : A L ANNEENNNNNNNN EE ;
presents the score for that objective N Y S e o AR Rl —— =
achieved by the particular design. ] W, 109 87 65 4321012345678 910 boowy | T
| 7
:\':ISAtEulct:irD_/fa:xe;:::;cs:‘Erjgineering pesten /1 UCLA © All Rights Reserved



Weighted Objectives Method - Value Profile

Weak spots can be identified from below average
values for individual evaluation criteria. Careful
attention must be paid to them, particularly in the case
of promising variants with good overall values, and
they ought if possible to be eliminated during further
development.

The identification of weak spots may be facilitated by
graphs of the sub values—by the so-called value
profiles illustrated in figure.

The lengths of the bars correspond to the values and
the thicknesses to the weightings. The areas of the
bars then indicate the weighted subvalues, and the
cross-hatched area the overall weighted value of a
solution variant. It is clear that, in order to improve a
solution, it is essential to improve those subvalues that
provide a greater contribution to the overall value than
the rest.

In the figure, variant 2 is better than variant 1,
although both have the same overall weighted
value.
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