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Topic 6 (ver 1.0) Conceptual Design

Content of this module

Bellwork 6.1

Discuss the goals ofthe Concep tual Design P hase

Create draft conceptual problem statement

Define the function structure for the draftp roblem

Bellwork 6.2

Brain storm con cepts to ad dress o verall p roblem

Cate gorize the solutions

Define possib le “So lution Appro ache s” from Cate gories

Bellwork 63

List ad vantage sid isadva ntages of each Solution Ap proach

Define Factors base don o bserved advantag es/disadv antage s and design criteria

Bellwork 6.4

Leam to use a decisionmatrix

Usea de cision matrix to choose SolutionApp o ach

Bellwork 6.5

Rewrite problem statement and sub-functions

Brainstorm solutions to eachsub-function

Combine ideas and choosea final Solution Path
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6.1 An Abstract Problem Statement
and Function Structure

Intentionally left blank

Bell Work 6.1

In your journal ...

Describe the overall function that the machine must pe rform
according to what you know about the engineering challenge.
Describe the sub-functions (or steps) that a machine must perform
to achieve that overall function.
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Discuss the goals of the conceptual
design phase of the design project
Create a draft conceptual problem
statement

Define the function structure for
the draft problem
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Goals of Conceptual
Design Phase

Specificg ods for every project ph ae should have been defined during the project planning phase of t he project.
The goals of the Conceptual Design Phase should hawe been something
like:

clearly define the need (including function structure and required test
performance),

docunment possibl e solution concepts, and

choose the conceptual solutions tha best addresses the need.

Important: If at the end of the Conceptual Phase you have a picture in
your mind of what the design looks like, then you have NOT done
your job in this phase. You must remove all biases and choose only
the general operating “principle” and the basic path that the team
will pursue.
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We will deviate from
expert protocol...a little bit

Our Modified Process

Dis inguishing an “abstract” concept from a “biased”
specificdescription isdiffi cult for most rovice designers.
To help, we will proceed as follows:

Expert Process

Prablem Identification: Create a
alstract poblemstatement

Corceptual Design Create admft problem statement and function structure
Establish function structure by clearly Brainstorm ge neral concepts to address the overall
defining the ove rall function and the problem
sub-functions that the design must :
pe ffom Se parate the solutions intodiffe rent cate gories (solu tion

ap proach es)
Evaluate and choose ageneral solution ap proach
Re-wiite the proble m statement andthe sub-functions to
be biased tow ards this solutionapproach (butnot any
spe cific d esigns within the categoty of solutions)

Search for solution princip les to fulfil
eachsub-fun ction

Combine solution principles tofulfil the
overall function

Se lect suitable combinations todefine

conceptual solution alternatives Brainstorm ide as toaddress e ach sub-function

Evaluate and combine sub-functionconcepts toform
dif ferentv aria ions tosolv e the overall proble m
Makea final e valuationofthese variations to choosea
Embodiment Design final solution path
Then procee dto Embodime nt Design
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Evaluate the altem atives a gain st
previo usly defined criteria




Defining the Problem: More
than just a problem statement

Before we begin contriving solutions, we should be sure tha we are solving
the right problem.
You should thoroughly define the problem. This is called the “Problem
Identification” or “Claification of Task” phase of adesign project. (ihese
slides assume thatit is the first tep in the con ceptua  design phaseofthe proje ct)
Things included in the Problem Definition:
A singe sentence that makes a clear and corcise Prob lem Statement (e.g,
the cat keeps knocking over the plant which causesa mess)
Listof Constraints (limitationsthe design and developmert must conformto)
Listof Criteria (performarce specificatiors that the design must meet)
List of Wishes or Desires (prioiitized characteristics that would be preferred)
Needed I nformation (questions that someone needs o answer before the
firal evaluation and solution chadce can be made)
Sketches of the P roblem should be included...but NOT sketches of potential
sol utions.
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Creating the Problem Statement:
Caution

It is important tha a designe understands every aspect of the problem
and seeks to identify the true source of the problem and not smply how
the problem first presenteditself.
Consider these two Bamples:
The dbjective of a basketbal team isNOT o score alat of points...itis to score
more pointsthan the opponent. If the ttamis a professiona teamat the
beginning of the season, the dbjective isto score mare poirts than the
opponent without compromising the team’s ahility to pefom well in future
games (ie. key players are not expendable).
The dbjective of one charitable organization might be o provide fish for a

hungry population while the objective of arother charitable organization mi ght
be to each a hurgry population to fish for their own food.
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Creating the Problem
Statement: Abstraction

Again, let's use anexample toexplain the importance of abstraction
A design team was tld that their objective was to design a mbot o remove s pecific
itemsfrom a conveyor belt..so, they did just that. They found out allthe
specifi cations (weight and size) of the items to be emoved and they design an
expensive multi-jointed rabot to pick these items up roma moving conveyor.
Afterwards, they find out that the items to be removed are actualy the baxes on the
conveyor that were accidentally missed by the loading-filling crew. In other words,
they are empty boxes to be throvn away. The designers slap themselves on the
forehead because they could have simply installed an irexpersive air jet that would
automatically blow any un-weighted baxes off the conveyor without affecting the
loaded baxes.

The designers made two mistakes. Whenthey heard the term “rob of’ they
stuck that image in their minds and forgot to ek the detailed quesiions

about the real problem.
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Creating the Problem
Statement: Let’s do it (10 min)

Working in groups of four, createa Problem Statement based on the
information tat you have been given regarding the engineering
conpetition. (i.e., describe the overall required function of the machine)
Also list the generic sub-functions (or steps) that work bgether to fulfil the
entire function.
Example: The sub-functiors of “change a nonwarking light bulb” might irclude:
Secure replacement light bulb .
Remove theold bulb intact.
Installthenew bulb.
Testthatthe installed bulbis working .
Notes:
“Safety " isnotpartof this proble m satement,but instead might be listedas part of
theconstrints or criteria
“Gain phy dcal contactwith the bulb” is NOTIisted beca use thatw ould presume that

thereis no new tec hnology that could be d evelo ped usingn on o nta ctmea ns like
magneism orpneumatics. Do you knoww hy we should 't list ‘g et aladde 2"
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Adopting a draft Problem
Statement

We'll startwith one group’s problem staiement onthe board.

Then, based on suggestions from the class (only suggestions that are
generally accepted by the dass) modify the statementuntl it is clear,
thorough, andindependent of all solutions and solution strategies.
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Adopting a draft Function
Structure

Using the results of the small group discussions, define the sub-functions
that the overall functioncan be decomposed into. Sub-functions are
generally steps that must be accomplished to acconplish the overall task.
The sub-functions must be immediately rel evant tothe overall function
adopted by the entire am on the previous slide (ome functions defined by
smallgroups willno longerberelevant)

sub-function2
sub-functionl Lo, fronoed)

mission
conpleted

(i.e., @t objeet) Basel on gerator ctoice
sub-function3 sub-function...
(i.e., dore ofject) (i.e., p xeobjed)

Somel f omidion —=—pd
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6.2 Search for Conceptual
Solutions

Intentionally left blank

Bell Work 6.2

Review the rules for brainstorming. We will be brainstorming today
and everyone needs to know the rules...
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Brainstorming as mintes

In small goups of 5-8 brainstormsolutions for the overal function of the machine
Brainstorming Ru es:
Focws on ore specific topic for the duration of the session.
All tammembers participate in trn.
Only one idea per person per turn (addtiona ores can be jotted down quickly
less they be forgotten).
Accept allideas at face vaue. Do NOT edit, discuss, evaluate, rinforce, criticize,
ridicule, or belitte any idea during the brai rstorming session. The more
outrageous an idea, the better (pigs CAN fly).
Record dl ideas generated (try o avoid pictures or sketchesas much aspossible
but wse verbal descriptions instead).
A member may elect © “pass.”
Continue wntil al members “pass.”

Record every single idea without criticism!
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Compiling Brainstorming
Results

Starting with any smd | group, Exanple . .
read theidess and categorize the Whe(? gl\{)en ah)roblgm %talemegt_ balls
ideas on the board ¢eachershould wiite nee tobe co ec.E ’:em placed into
them on the boar d) various sooring bins,” the small groups
Al recorded thoughts are put came up with these ideas:
somewhere and categoriesare OneataTime Continuous Multiple
named/renamed as necessary  «Claw Ealator Scoop
(nanig the categories is the biggest chalenge) «Si ngle Sco op vane sweeper Scoo p-backh oe
~fourfingers conveyo r belt Basket
«Clamp Auger Net (withorwlo bars)
Dust Pan
Misc use sweeper/bi n
Vacuum . vane sweeper w ith bo
Adhesive/ impali ng Gena alAIMSG@IS  temi sba box
pocnone g .
lon-possession
?:;m‘\ghbz"e ;ﬁz:’e mi ght have m ultip le gri ppers it or
boar ds sweep dir ectly int o bin
shoot balls into
place (or catapu If) Copyright MichaelWienen, 2005
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Using Categories to Define
Alternative Solution Paths

Now, try © desaibe the soluion Exanple (Con't from previous)

categories without regardto any The caegories in the example onthe
specific solutioninthe caegory. previous slide led the example dass to
Note that some of the “categories” on  define the following “solution approaches™:
the previous dide might be more 1. Pick-n-place oneat a ime
appropriately listed & “constraints” or

2. Pick-n-place many s nmultaneously
3. Pick-n-place continu ously

4. Non-possession one ata time

5. Non-possession many at a ime
6. Non-possession continuously

“wishes/desires.”
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6.3 Defining Design Factors

Intentionally left blank

Bell Work 623
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wlons .

In your journal... Voas 7 dicarkie .
List each of the solution !

categories, LEAVE five spaces
:instll)etween each item in the dans ¥ y! b e
For each item, begin listing
what you think are the
advantages and disadvantages |

inherent to the category. Vidaas 3 ‘,k"‘—" kb

CopyigTviCHaelvvierer, 2005
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- Today’s Agenda
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e Classify the advantages and disadvantages to

determine “Factors by which to evaluate the
alternative s’
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Ad"an;i%:sed odds oer categores 4/6- B. Independe” ¢ Geces Tomoter teams
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] ) ing o
menmmhvdﬁen e £. Prdicteble scoring hgame piece\ype
Esp ecially

points (balls bOUTEe out) F. Ease Of Handirg €ac

simple Design (eads 1O rotust desian)
G. SImp!

Hardto keep
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Anyone Lost?

Our Modified Process

Dis inguishing an “abstract” corcept flom a “biased” s pecific description is d fficult for
most novice designers. To help, we will poceed as fd lows:

Create admft proble m statement andfunction structure

Brain storm ge neral concep's to add ress the ov erall prob lem

Separate the solutions intodiffe rent cate gories (solu ion approaches)‘/ You are here

Evaluate and choose ageneral solution approach

Re-wiite the proble m statement andthe sub-functions to be bia® dtowards this solution
approach (but not any specific designs within the category of solutions)

Brainstorm ide as toaddress e ach sub-function

Evaluate and combine sub-functionconcepts toform different varations to solve the overal
problem

Makea final e valuationofthese variations to choosea final soluton path

Then procee dto Embodime nt Design
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Analyzing the Alternatives

As a class we will list the advantages and
disadvantages of each general solution
concept.
Things to consider include (but not limited to):
predictability of the outocome
flexibility of the strategy toaccommodate un certainty in the environment
expected sinplidty of category of machines
ability of the strategy tobe precise (inmanipul aing game pieces)
dependence on operator skill
amount of control throughout the process
We will use the constraints, criteria, and desires as a
guide.
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Record the advantages/disadvantages
here....
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Factors: Classifying the
Advantages/Disadvantages

Look at the advantages/disadvantages that were listed for each
solution category.
Look for characteristics that seem to differe ntiate the various
designs. If a characteristic isimportant then list it as a “Design
Factor.”
Particularly helpful are Factors that seem to be mutually exclusive
like:

if amachine moves fast, itis oftendifficult to be precise

if amachine is stong, it is usually not light weight;

if amachine has a huge budket, it usudly can't differeniate small

parts;

if amachine has a lot of working parts, it is usually noteasy to build.
Asa dasslet’s define the factors by which we will evaluate all

design alternatives.
Copyright MichaelWienen, 2005
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Record the defined Design Factors here...
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Example factors that might come from
generalizing advantages/disadvantages written

positively to facilitate strategy evaluation)

As a Classr ate the im por tance of each
identified factor ...i.e.

A. Spedficity of Game Piece Selection How i mpor tant is each on e? (T ota =10 0)

B. Independent of Driver Skill A.6
C. Ability to protect pieces from other B. 2
teams C 6
D. Potential for High Speed Scoring D.24
E. Predictable scoring outcome E 16

F. Ease of Handling each game piece type F. 14
G. Simple Design (leadsto robust design) G.10
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6.4 Decision Matrices

Intentionally left blank

Bell Work 6.4

In your journal...

Review our list of solution cate gories and think about how you
would rate each one of them in each of the “Design Factors’ that

we defined yesterday.
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Today’'s Agenda

Learn to use a Decision Matrix.

Our Modified Process

Ditinguishing an *abdt ra " concept from a if[ABCDETFG N
“based” pecific decripton & diff cult for most H . 8
novie desgners T o help, we wil proed as S )
follows 1[6 0 6 0 16 14 5 |47 &
Crede adraft pr blem statemert andfundions trucure 2| 312 6241614 5 (rB_O) §
Bransiom @naal oneps toaddes theowral — %
prblen 3] 024 62416 0 5 75
Sare thesdutiasintodifigent ategories (oluion &
aprane) o mA—SlllHere! 4612 0120 7 0 fa7] B
\aliate md hose a @naal oltio aproa
Reawitethe 1 lan atamert andihe bt brsto 5]024 0248 7 10 |73V
bebima tovard tissolti aproah (ut not ay
spedfc desgnswithi the ategoryof soltiors) 6 3240248 05 64
Bransom des toaddes @ sw-undim e 24 6 24 16 14 10

Ewaliate a1d @bire sub-urcton oneets toform
diferert varatiosto sohe theoveallprotiem
Makea falevduaionof the evaiatios to iogea
firal soUtionpath

Ther preeed toEmmdment Design

Example: Choosing a solution approach
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Decision Matrices

The purpose of a dedsion matrixis © aid a designer to meke dedsions
when there are multipl e options and each option must b e evaluated in
many different area (or criteria)

It is very inportant to use adecision matrix for all complex d ecisions
because human nature is to choose “favorites” based on our past
experience instead of choosing the best idea based on ALL the fads.

[
F Design Fadas ae
o T d—
Altemati vesthat 606016145 4 Iitelagoss heop
Ut be eva uated 20| 312 6 2416145 (80 Each designissoradin
aeligal inthefirg 3§ 024 624160 5 75 each fadtor (val uesare high,
olum 4612 0120 7 0 |47 medi um, and low onl y)
5§ 024 0248 7 10 |73
6] 324 0248 0 5 64 Rdaive importance of
Totd of all fectors, o each Des qn Fctorsi's
6 24 6 24 16 14 10 “—
must be 10 liged at the batan
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Thewimer is the onewi th the highest total

Below is an Example.. asaclass | et smake our
own Decision Matrix
A Spedfidty of Game Piece Selection

B. Independent of Driver Skill

C. Ability to protect pieces from other
teams

Steps to Creating a
Decision Matrix

1. Narrow the design alternatives in informal discussions. Favored trits can be
combined to form fewer-better design alte mative s.

2. Generate alist of independent factors that effect how well the d esign will
address the original problem statement.

3. Spedfy therelative importance of each factor by assigning ita max mum-point
value (last row in the matrix). The sum ofall these factor weig htings should be 100.

4. Rate each design in eachfactor category. only use high, medium or lowvalues ineach
cell of thematrix. Engage team dicussions for each cell until conse nsus s reache d.

5. Designs with the highest totals should be further developed and their cell
values sarutinized. Look for a natural break in the total scores.

6. (If ne cessary tofurthe r < parate the final can dida tes) S pecifically compare the o pthree alte mative s
to eachother. Ineach cate gory, assign a ‘high” to only oneidea, “medium” to only one idea,and
“low” tothe remaining idea. Eliminateties in eachcategory by slighty modify ing each ide awith
traits from othe rdesigns if possble.

Caution: do NOT use magjority ruein filling out the values of a
decisionmatrix. |tisextremely important to the team toreach
consenaus on each of theindivi dual values
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D. Potential for Hgh Speed Scoring
E. Predictable scorin g outcome

E F G

>
w
(¢}
(W)

F. Ease of Handling eachgame piece type
G. Simple Design (leads to robust design)

0 16 14 5 47
24 16 14 5 80
2416 0 5 75
0 7 10 47
24 8 7 10 73
24 8 0 5 64

1. Fickn-place oneat atime

2. Pickn-place many smu taneoudy
3. Pick-n-place continuaudy

4. Nan-possession* ore at atime

5. Non-passession* mary & atime
6. Non-pcssession* conti nwoudy

24

24
24

o Ul W N B cagoy

OJwWw © O O W O
IN]
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IN]

24 24 16 14 10

K

* definepossess & nore thanthe

piece temporaily “ resting” on rdoot
pat..ircludirg sgnifi cart lifting ard
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precise motion cantrd

Only a guide...not a final decision

Asyou can see in the decision matrix, if each of the options have
any merit at all, then the final results can be very close.

Don't think of the resultsasan absolute decision rather a distinction
be twe en the poorer and better ideas.

Certainly the lowest scoring ideas are eliminated while none of the
top few ideasshould be casually dismissed.

Your design intuition might still be the most important factor...
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6.5 Combining Ideas and
Choosing Final Solution Path

Intentionally left blank

Bell Work 6.5

In your Journal...
List the rules for group brainstorming sessions.
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ating Today’'s Agenda

o
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o catin® Brainstorm solutions to each sub-function
Oour Modified Process Combine ideas into working systems and
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Final Problem Statement

Now that we've selected the general approach
that we will follow, as a dass let’s re-write the
problem statement to limit the types of ideas
that we will consider.
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Record final statement here...
and final function structure here...
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B rai n Storm i ng (5 minute s per sub-function)

In small groups of 5-8 Brainstarm solutions for each sub function

Brainstorming Ru es:
Focws on ore specific topic for the duration of the session.
All tammembers participate in trn.
Only one idea per person per turn (addtiona ores can be jotted down quickly
less they be forgotten).
Accept allideas at face vaue. Do NOT edit, discuss, evaluate, rinforce, criticize,
ridicule, or belitte any idea during the brai rstorming session. The more
outrageous an idea, the better (pigs CAN fly).
Record dl ideas generated (try o avoid pictures or sketchesas much aspossible
but wse verbal descriptions instead).
A member may elect © “pass.”
Continue wntil al members “pass.”

Record every single idea without criticism!
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Combine Into Working
Systems

List the ideas on the board Example: with functionsbeing
under each sub-function collect, store, and place balls,
With all the unique ideas viable combinations might be:
listed on the board, solicit Cdlet Sore Paxe
ways to combine them into — .

. shovel in shovel du mp shovel
working systems

. . shovel baket onmachine  catapu It from b aket

In. many casesa §| ngle idea iner in pincer op en pincer
wil p_erform multiple pin @r basket onmachine  conveyortobins
functions.

) . pin @r basket onmachine  2ndauto pincer
List aIlI th ? viable backhoe in backhoe dump backh oe
combinations.... SCISDI'S TOop in £oop open s@op

scisorssoop  chute tiltchute
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Narrow the Alternatives

As a class, quickly narrow the combinations by
allowing each person rate their top three
choices (top choice gets three points, 2nd
choice gets 2 paints, and 3rd choice gets 1
paint).

Tally the points for each composite system. The
top 3-5 choices should be entered into a
decision matrix.
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You are how ready to enter the
Embodiment Phase of the Project where
you will flush out all the material choices
and dimensions of the design.
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