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Sources

e “Tops Shops”
— Robert Wilson & John Linscott

e “How Useful is QFD?”
— John L Sanford — Thunderhawks — Team 1038

* Special Thanks to %
— Ed Debler :

\4
* Thunder Chickens — Team 217
* The Flying Toasters — Team 3641
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Topics

* Systems Engineering

* Toaster Design Process:
— QFD (Quality Function Deployment)

* Q&A

4 - Introduction / Agenda



Systems Engineering

. How do you accomplish the following?
. Where do you start?




Systems Engineering

> How do you accomplish the following?
> Where do you start?




Systems Engineering

e Systems engineering is the branch of
engineering concerned with the development
of large and complex systems, where a
systems is understood to be an assembly of
combination of interrelated elements of parts
working together toward a common objective.

-University College London






QFD

EXHIBIT |

Startup and preproduction costs at Toyota
Auto Body before and after QFD

Jamnwary 1977

R o, W

April 1984
Post QFD

|39% of pre GFD costs] ql

D Preproduction costs
D Sharup costs

EXHIBIT Il

Japanese automaker with QFD made fewer
changes than U.S. company without QFD

Design changes

I

FLi el 1d=17 1=3 +J
Fniriths Manths Months Job #1 ponths




QFD

P

Design for Six Sigma

Getting to a Transfer Function

/\
QFD Thinking  ems N\

Mefrics /\
Product Design
" Characteristics
Customer 25 House of : ”'%ﬁ’.fs
— )23 || Quality 34 || House of -
52 #1 £% Quality -g-g House of
2= Ss || Quality 2 8|| House of
#2 5§ £ 3| cuaity
T e |l L
=5

Function rocess C

Y™

Transfer

Function 1
X, N

D F S S “ Product -=. .=-
P TQ's

DFSS provides an approach for rigorously capturing the

relationships shown in QFD in the form of a transfer function tant



QFD

EXHIBIT XI
Linked houses convey the customer’s voice through to manufacturing

Enginering Parts Key process Production
characteristics characteristies operations requirements
- 2 -
- 2i : : 2
§ é I §3| m (5| m §§ v
33 gt 3 &t
HOUSE PARTS PROCESS PRODUCTION

OF QUALITY DEPLOYMENT PLANNING PLANNING




Systems Engineering

Verification

System Design

‘ | Preliminary _
Design Design Process
Easy to fix

Critical
Design

Problems Y

Integration
& Testing

-

Hard to fix

i’:“- Think and plan BEFORE you act!



Toaster Design Process

(QFD) Quality Function Deployment

> A scientific method to integrate design and strategy
Pioneered by Yoji Akao at Mitsubishi

WHAT N —— ol

£ 3 b liletrR 3| [.
Eégéé o s gﬂ:sigégggﬁé
HEE “« iy £l |g
: b |22 2T |5(5 2 828 8|2 z 5|2 =3
eleasa hals st 1|@|ofo|o A o] A A H =
s | aTolo o Relationship
e 4 :|ololo A ® o|alofo| |ala
i | s ole[ofelo] | [a| |o sl - between WHAT
Cap2xballs into goals. ® ® A e]
[rrTT—— BERDAY = Al A A & HOW
Chin-up il ‘ ® (?j e| |e|o elole|e
. il nd] 2 A AlO|A ele|eo|e
Strateg|c Battoget b oY A Al |e|o| [e|e] |o
5| |olo olole| [o] |e
Importance = elojolo AEEC
Conl bl ‘|elolelelalelolo A o A
Ranked (least) 1-5 (most) kg ololele|ole]e o ifficul ino:
Beckoportsigion. | 1 | A|A|® o| |e| [a]|o|ofcle| |e DI Icu ty ratlng'
- ff
ST TeloTo 5 q—r?/ Impact vs Effort
D‘rﬁicu!twaﬂ‘ﬂllimpacws g::luu“v% ‘/
e nporacs v | 5 | 5t [ 7 [ [0 [ [ % [ [ [ [ [ o PO (e |6 [ [ [ [u]n]s
g Relative importance | 4.2% | 41% i.!% B9% | 26% | 58% 2‘5"6 5% | 35% | 2% l\h—«{% 13% | 37% | 2.0% | 48% | 80% |32% | 23% G.ﬂ”ﬁ) 23% 5&% 5.19': 18

@ Objective: Take the guess work out by assigning values in an organized fashion.



Toaster Design Process

e N

S

Watch the Kickoff Video (fill out worksheets)
Read and Understand the Rules (fill out worksheets)
Simulate the Game (fill out worksheets)

Determine Strategic Importance (Scoring Opportunities &
Necessary Attributes)

Brainstorm Robot Capabilities and Features

. Determine Strategic (Scoring Opportunities & Necessary

Attributes) vs Capabilities and Features Relationship-QFD
Determine Importance of Design Features
Brainstorm Whole Robot Concept

. Check Robot solutions against QFD

Failure to plan is planning to fail!

=



Toaster Design Process

1. Watch the Kickoff Video

How many ways can you score?
How many teams are playing?
How big is the field?

What objects are on the field?
What are the penalties?

What did they say you can’t do?
Use the Kickoff Worksheet.

JS¥ Objective:
g jective

qg Have a basic understanding of the game.

an "

~Bemeowen

lllllllllll




Toaster Design Process

2. Read and Understand the Rules

— Read the rules aloud
 “Read” what the rules don’t say

— Discuss the rules

— Analyze the game
* Create a list of scoring differential opportunities

— Defense is a ‘scoring’ opportunity

— Fill out the Kickoff worksheet

DB Obj jve:
g jective

Q@ Create a list of scoring opportunities.



Toaster Design Process

3. Simulate the Game

— Use robot analogues (you!)
* Play the game with humans acting it out on full size area

— Make it realistic
e Limit motion and shorten match times

— Be creative and test out different strategies
— Add more to Kickoff worksheets

g Objective:

Q@ Dynamically test the game and it’s nuances



Toaster Design
Process

Strategic
Impoertance
Rank 1-5 (Most)

30-20-15-10

5

If a minibot is deployed and reaches the top

4. Determine Strategic Importance
— WHAT do you want to do? NOT HOW!

— WHAT are the Scoring Opportunities?

e (Both Explicit and Implicit)

— WHAT are the Necessary Attributes?

* (Both Explicit and Implicit)

— Obtain unanimous support or consensus

— Assign strategic importance

 Scalelto5(1=Iow;5 = high)

g Objective:

Q@ Assign strategic importance to scoring opportunities.



e A B C D
TO a Ste r D e S Ig n Difficulty Rating {Impact vs.
Capabilities & Features Effort) 5=High impact/Little Comments
1 effort
z Requires a lot of time programmin
P ro c e S S 2 E Autonomaus ; ; justtogeta fe's-fppoigms :

5. Brainstorm Robot Capabilities and Features

— What must your robot do to score points?
 What must it push? Pull?
 How fast should it go?
 What should it manipulate?
* How high does it need to reach?
* Autonomous modes?

— Don’t get too detailed just yet....Stay General

Objective:
Create a list of possible features that could work for all scoring opportunities:

such as autonomous, drive, drive speed, etc.
=



Toaster Design Process

6a. Determine Strategic vs Design Feature

» Some features work better with different strategies
»  Assign a value into the matrix

Blank = no relationship | s
1 = weak relationship = 2| |E|E|Z|E|<|=|2|2|2 582
5 = medium relationship — HHHHEBHEEEHEEEE
— 2213|2182 |2 AEIENE
9 = strong relationship it <7 E k
Implicit) 3
Auton-Sco L] © o | 0 ® | O | O o}
Ball Storag o} o ® ®
Eelationships e el ol e . .
:‘-‘JT_"S-Z‘].E L Co-opertition e | O | @ [ ] [ ]
Woderate O Defense Pushing e | e O © ®
Extension 14 e | C e | O L] L ] L ]
Wesk vl
peEsR v Foul Alley NrYE
Foul Bridg v L] @] ]

3 Objective:
g jective

Q@ Fill up the QFD Matrix. Be concise, Be honest, Be analytical.



Toaster Design Impact vs. Effort Diagram

Process 2

.

6b. Difficulty Rating:

Impact vs. Effort
— Rank the impact the 4

item/task will have against
the amount of effort it will
take to accomplish the
item/task.

— Example: If it takes you
very little effort but you m
get a big impact on the
robot, then it scores a 5.
Hint:
In Nature, energy follows the path of least resistance. You want your successes

g to take the least amount of effort.



Toaster Design Process

7. Determine Absolute Importance of Robot Capabilities & Features
The sum of the relationship score * strategic importance

Relationships

@ =Stong &
QO = Medium 3
A = Weak 1

and features

Capabilities

Scoring opportunities
and necessary attributes

| @® | Accurate autonomous

3x5=15

Uncap 2¢ball from goals.

Control shart goals.

Deliver balls to the shooter.

Cap 2 balls into gaals.

Maving small balls to your side.

Chin-up (50 points).

Dominate all space under chin-up
bar (kaep others away).

Be able to get anto the platform.

Be anywhere in playing field quickly.

Unscore stuffed cap.

Control 2¢ balls. Ax5=20

@®
O |3x3=)
A1x1=1

Block oppanents goal.

Block oppanent's doggy door.

§
<
E
2
£
E
&=
Release balls first. k]
5
3
5
§
]
4
3
4
5
3
§
k]
1
5

Bereliable.

Contral bonus balls. 1@ [1x5=5

Difficulty rating (impactvs. effort)
lttle effort

15+9+2049+1+5=59 [

Objective:
i{g Calculate the importance of the design features and prioritize.

)

®D



Toaster Design Process-Final QFD
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Direction of Improvemsnt (Fiow. only)]
E # 5 _
NEA : W || 2 % x| B
=l E | I H R &= = W o | 2
= 2 o = E o 2 ) - =] m =
¥ 22|35 e = |8 |z|E|2|E|2|2 a5 |2 E|m | %
£ =S| = gl i a | U 2 EO =1 5 | & w | 2| =B oo 2
3 |2|é & s|Elg|slz|2|2|2|(s|8|=|2|=|2|&
i =z]% o le|2le) 3 F |5 ||| Ef(5|lelE|e
B £158 |35 Searing .g g |- [=] [} z ol E | = E 2|15 | 2 HSE E
] E | E |8 | oeearsnitiers |5 |a 2|25 |5 25|22 |d |2
- = = ol Bl e —— < | 5 P I = O - |53 15 |2 =
" £ EN - Areributar = 5 g E | o
® 3 ] S 2| B tempticicans 5 i
o = o |w | E Implisit] -
1 [ ax Auton-Scores L ] [ ] O O O O O L D
° z |1 de| 2| @ Etall Storage L ] o O L ] L ] L ]
I IOWS II I : [mm wx| 5| @ Eridges Balance ® | (@ L L
4 [ ax| 5| @ Co-opertition e O(w L L
s |1 R I Defenze Pushing & & o L
ye OW i (nm ax| 5| @ Extension 14" [ ] O [ ] O [ ] [ ] L ] L
7 [ ax| 5| @ Foul Alley e 87 L
£ [nm ac| 5| @ Fioul Bridge Y| e|o|w =
4 [ we| B[ & Foul Key [ ] O [ ]
10 zz| 1| | Hail-Mary - Human scores -
1 ze| 1| @ Hubrid-Kinects | I BN LI o |8 | (@ O
1z | ac| 5| @ Pick up ball= aff Hoor O | . il BN & | O . O
1= |1 4| oz | @ Fiobot hieght 60 vs 84 O | D | ® | | ||| e e * | @
FER T ax| 5| @ Shaoot Hoops L ] L L DI BN BN O L
15 |1 R I Drrive cwer Barrier L ] L o o L L L
1 [
Tarqet (Whatue uant)
Max Fielationrhip (Fiedir Heqative)| % 4 [ a 4 [ [ a [ [ [ a 4 [ 4
Fa Diffizulky Raking (Impaztur EFfar| 3 g g 4 . 4 N N M N N N .
e S-HighimpactfLitkle oFFart
T
\ Technical Importance Fiating | 1.36d | 3673|1464 | 1509 | 7.527| 3545 3.4 | 2.055] 1691 | 1582 | 3.32| 2azv| s9se| sdze]| 5.345) @
Ficlative Weight | T | @ | de | me | 15w | T | ome | ks | ome | o3 | we | ks | omm | T | ttm | ome
Weight Ghare

Objective:
Visually see what is important so that you know what a successful solution/design
must accomplish.




Toaster Design Process

8. Brainstorm Whole Robot Concept
— Everyone presents
— Create cartoon concept drawings
— Discuss various mechanisms
— Roughly allocate motors

Objective:
@ Create a cartoon sketch of what the robot will
look like



Toaster Design Process

9. Check robot solutions against QFD

— Assess/evaluate each solution against every
category in QFD
— Rank on 1-5(best) scale

— See if you can combine top solutions to make
even better solutions

i Objective:

@ Make sure the solution chosen will best
accomplish what the QFD says as important



Questions & Answers




