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Plan for today

e Clarify issues from the last week (15 min)
e | ecture (35 min)
» Functional Model
e Team meeting (Finish OT, start FM) (45
min)
e Additional lecture (15 min)
» Modelling Tennis ball server
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T Clarify issues from the last week

e Team Issues:
» Reports from Coaches — mixed success
» Coaches MUST be present in the group

» ODbjective of having a meeting:

— Review progress on work given in previous meeting
— Understand requirements for next meeting
— Distribute work

» Take tasks step by step — if finish ask your
coach to help you identify new tasks

» Coaches are already assessing you...

Ahmed Kovacevic, City University London
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Clarity issues from the last week
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Deliverables for Phase 1
(Vision and Concept)

Submission on Moodle:  Report in word and pdf and presentation ppt
29t October @ 17:00 — Word and pdf
Presentation: Groups 1-5: 30" October @ 11:00 (AG21) (PPT+Notebook)
Groups 6-10: 3@ November@10:00 (ELGO1) (ppT+Notebook)

Team management:
Working agreement
Team Branding and Logo
WBS
Team calendar
Gantt chart
Group Notebook
Requirements:
Figure of Merit analysis
Budget, very short Introduction
Market Research
Client Statement/Constraint
Objective Tree and Weightings
Preliminary Requirements List

Function:

Black Box - Functional Model
Full Actual Functional Model
Preliminary Parameter Analysis

ED1:
Competitors analysis
Weighting of the Objectives
Importance of Functions
Projectile motion and pressure calc.
Morphological Chart
Concept Variants
Team Vision
Plan for Phase 2 — Embodiment

Ahmed Kovacevic, City University London



Functions - Lecture

e Engineering Design Process 2"
Edition, Chapter 4

» Discuss the essentials of function
analysis

» Create function structures based on

need statements
» Discuss the importance of function

analysis

Ahmed Kovacevic, City University London



ary  Phase 4: Establish Function

1. clarify objectives

establish user requirements, — | 4 Clarify Objectives — The Objectives tree

method

Client Statement }
(Need)

Problem Definition E
S

2.
3. identify constraints
4, establish functions

- - Prepare list of objectives
o ToF deslon cmenifioalishe - Order the list
(5. establish design specifications % 5 He obiecti
\ 6. generate alternatives I - Draw the objectives tree

2. Establish user requirements

_ Design g 3. ldentify constraints

SRR e

etailed Design '

SISt SRR

—————— e e —— — — ———

7. model or analyze design
\ 8. test and evaluate design  j

e e e e

4. Establish functions

- Create ‘black box’ model of the product

- Break down overall function in sub-functions
- Connect sub-function chains together

- Define the system boundaries (Constrains)

|\ 9. refine and optimize design

_—
S T T T T T T T T T T T T T T

Final Design
(Fabrication Specs k
& Documentation)

Design
Communication
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~ Objectives Tree and Functional Model

e Objectives are qualities the object should have
» Clients tend to speak in terms of objectives

e The Functions are what the product does without
considering any particular solution

» Engineers tend to speak in terms of functions

e Identifying the basic functions an object does, and then determining
solutions for these functions separately, leads to better solutions for the
overall problem

e Two levels of functions:
Overall functions and Sub-functions

e A product function is defined in a block diagram known
as a Functional Model

Ahmed Kovacevic, City University London
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Black Box System Model

e Functions often have
underlying law of physics or
engineering

Function

— Subfunction — Subfunction
_— . 1 .. i e Functions should consider
i e what the product does (the
problem) and NOT how it
e should do it (the solution)

Subfunction ) Subfunction P Subfunction >

\ J

Y

Transparent Box Model

Figure 5.1 The box diagram. Ahmed Kovacevic, City University London



= Functional Model Definitions

e Functional model
» Itis a picture, a graphical representation

» The overall function of a product is sub-divided into smaller,
more elemental (i.e. atomic) sub-functions

» The sub-functions are connected by the flows on which
they operate

e Sub-functions
» Simpler expressions of part of the product’s overall function

» Expressed in verb-object form at a consistent level of
detalil

10 Ahmed Kovacevic, City University London
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Why to create and use
Functional Models?

It places the emphasis on has to be accomplished
rather than how

It makes clear the various sub-systems or functions that
need to be solved in order to solve the entire problem

Enhances the creativity of the design team by allowing
them to focus on one sub-function at a time

Sub-functions may be derived from objectives tree (or
customer needs)

Ahmed Kovacevic, City University London



Intact cans Hold cans Send signal Crushed cans
» Load cans Align cans . to initiate Crush cans Eject cans > -
P crushing
A A A A A
Force Force Power Power Force
Input Input Loader| Loader
Loader Aligner
Aligner/holder
Aligner
Conductive
surface
Crusher housing
Crusher =7 Holder
housing Actuators
|
l \ Ejector
Ejector
~ Piston
Aligner/holder Figure 8.16 Concept Il of automatic can crusher.

Rolling crusher|

Motor
(Turns rolling crusher)

Figure 8.14 Concept | of automatic can crusher.

Can completes
broken circuit

Power from
motor

Motor

/N

\J

_~Flywheel

Connection
1o inside
surface

Split

Figure 8.17 Concept IV of automatic can crusher.

Crushed cans

Figure 8.18 Concept V of automatic can crusher.

Power to motor
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isual Functional Mode - Definition

A functional model is a graphical representation of the functions a product performs on its inputs and outputs

cooked food, deaning

food, cleaning sol'n sol’'n, debris
electrical energy cook thermal energy (heat)
food
————— - ——_——,—,——— e ——y
_ M aterial flow =——
Overall function of a Energy flow ——> _
product is sub-divided into Sgnal flow - - - Sub-functions are _
smaller, sub-functions expressed in verb-object form
L ]
: convert :
electricity import elect. transfer dect. | regulate | gect. oledt. 10 sense | temp.
elect. dect. dect. : therm. ener,
therm. ener.
heat level j heat
______________________________ heat
food import fog store food | distribute > transfer export food
solid solid solid  |foodg ltherm. ener| foody |  solid
c debris ;
Sub-functions are —_— dean/ dirty
connected by the flows ' cleaning
SuluuuI Hipuit wi’g. separate Sol’g ;top SOl’ni Q(p(_)rt soluticg
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== Functional Model Basics

e A functional description is a combination of a
function (verb) acting on a flow (object)

» Function - the operation that the product performs on a
flow or a set of flows to transform it from its input state
to its output state

» Flow - a material, energy or signal that is used by or
affects the product

— Think of a flow as anything that is input to the product or an
output of the product

14 Ahmed Kovacevic, City University London



" Functional Model Basics (1)

e Functional description form:
Function (Verb)—-Flow (Object)

» Examples of functional descriptions

Function

The overall function of a student: Learn

The overall function of a bumble ball: Ente rtain

The overall function of a

mechanical pencil: De pOS”:

15 Ahmed Kovacevic, City University London



e Think about designing a “better” mouse trap
» What functions must it accomplish?
» Take a few minutes as a team and brainstorm about
mousetrap functions
e View the diagram below:
» Does it match your ideas? Note the verb + noun construction.
» Can you see that solving these “functions” separately can lead
to a wider range of potential designs?

Import Stop Store Export
Mouse Mouse Mouse Mouse

(Attract Mouse)

16 Ahmed Kovacevic, City University London



e Step 1: Create a “black box” model of the product
» State overall function of product

— Use your objective tree high level objectives to help
determine the overall function

» ldentify input and output flows
» Possibly related to lowest level objectives

discs, hand discs, hands
> >
human energy, _
dectricd energy - Iadmch translaiona energy
- ISCS
amed empty/full, cocked
————————————— > s

Materid flow
Enegy low ——

Signd low  ----—>
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Functional Modeling Procedure

e Step 2: Break down overall function into sub-functions

» Follow each input flow through the product and imagine what
function the product performs on the flow

» The Zen approach: BE the flow

m.e. heat
disc o| import |disc store disc | guide disg_| transmit -2 export f——15
> disc 7| disc disc mech. ener LA disc | disC

18 Ahmed Kovacevic, City University London



e For the flow of electrical energy,
what Is Its associated sub-

hest
handt —
dectricd
energy import ee store ece. supply ee. actuae ce. elconver[
dec. e dec. e dec. e dec. ener. >| dec. eto
mech. e
hand1 me.
. i me.
disc | transmit [— >
MECh. ENEY. |
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e Flow of the user mechanical

energy,
e what are associated sub-
functions?
. | % fired
hand amed {4 : | hand
| _ i f um il >
human trigger trigger —¥. trigger me
energy import he. [convet he| me | advance [ actuate me. transmit >
"1 hum. ener. to mech. e disc mech. ener. > Mech. ener. ey

discT disc

20 Ahmed Kovacevic, City University London



““Functional Modeling Procedure

e Step 3: Connect the sub-function chains together

» This may require additional sub-functions or
connecting flows

Materid oW — —-
Energy fow @ —

Signd flow  —mmmmmems >
hesat
handt >
dectricd
magy | mport e.e. store ee. supp| y e.e. actuate ee. dui“/zﬁtto
dec. e éec. e dec. e dec. ener. > e e
hand1 me. l
. i me.
disc transmit [ >
1 mech. ene. s —
| me.
disc . : ) guide . me. me.
import | disc__| store [ dis dis transmit f——> export -
| dix disc > (ad‘é?gcoe) | mech. ener. | disc | disc | dige
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“"Functional Modeling Procedure

e Step 3: Connect the sub-function chains together
» This may require additional sub-functions or

. Maeria oW — —
connecting flows Eregy fow
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22
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“"Functional Modeling Procedure

e Step 3: Connect the sub-function chains together
» This may require additional sub-functions or

. Maerid low — =——
connecting flows Erergy fow
Signd flow  —mmmmmems >
heat
dectricd
energy import ee. store ee. supply ee. atuae ee. eICorlvel‘tt
dec. e eec. e dec e dec. eng. €. e to
mech. e
. . han
amed aim i e
dart
hand > import hand '
hand ‘ fired
hand ’ hand
[ i 1 and
y | i ;] H! '
human trigger trigger :
energy import he [convet h.e[ me me. actuate
hum. ener. to mech. e mech. ener.
trigger
me. | me.
‘ N
disc . : ) guide . me. me.
import | disc__| store | disc dis transmit [——> export .
— > i disc (ad‘é?gcoe) -— | mech. ener | disc | disc | dige
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Functional Modeling Procedure

e Step 4: Define the system boundary

» This ensures that only product sub-functions are considered
for future design work

heat
dectrica = et Materid low —m—
energy - import ee. store ee supply e.e. actuate ee. dec. 6 o Energy low  — >
. dec. e dec. e dec. e dec. ener. oh e | Signd flow oo .
User - el I I NN AN T T T T T T T T T I T issannsns = - :
. aim . . Product
function . disc : me : :
—— : : : functions
. Import hand :
- hand i fired
. hand
: hand
human = trigger trigger
energy  : import he [convet h.e| me me. actuate
= | hum. ener. to mech. e mech. ene.
trigger
. me. me.
. y
disc = : : , guide . me. r me
. import disc store disc_ disq | transmit export [————>
— - > . > (advance) > i " . .
: disc disc ( disc ) mech. ener. |=9ISG  disc |2 disc
................................................................................................ empty/full_
24
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Functional Modeling Procedure

e Step 5: Identify appropriate components to perform
sub-functions and their interactions

»
hest
dectrica = et Materid low —m—
energy - import ee store ee supply e.e. actuate ee. dec. 6 o Energy low  — >
. dec. e dec. e dec. e dec. ener. oh e | Signd flow oo .
User - el I I NN AN T T T T T T T T T I T issannsns = - :
. aim . . Product
function . disc : me : :
hand * anarEETEETEEEEees : " functions
. |rr:1port hand :
' and i fired
. >
. hand ! hand
. an
human trigger trigger
energy  : import he [convet h.e| me me. actuate
= | hum. ener. to mech. e mech. ene.
trigger
. me. me.
. y
disc = : : , guide . me. r me
. import disc store disc_ disq | transmit export [————>
— - > . > (advance) > i " . .
: disc disc ( disc ) mech. ener. |=9ISG  disc |2 disc
................................................................................................ empty/full_
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Five Steps to a Functional Model

e Step 1: Create a black box model
» ldentify overall function
» Express overall function in verb-object form

» e.g. learn material, pass course, obtain degree, etc.
» ldentify input/output flows

debris, hands, air debris, hands, air

electricity, weight, pneumatic energy,

human energy Pick up weight, noise, heat
> debris

on/off

———————————— - | _onvoff, visud sgrdl__

Material flow — —
Energy flow - — >

Signal flow -— -

Ahmed Kovacevic, City University London
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“Five Steps to a Functional Model

e Step 2: Create function chains

» Follow “Zen approach” - BE the flow
— Think of every operation that the product does to the flow
— List all the operations as sub-functions

» EXpress sub-functions in a common language, i.e.
the functional basis

» Order sub-functions temporally (with respect to
time)

27 Ahmed Kovacevic, City University London
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" Functional Model Example

e Dustbuster function chains

Obijective: Powerful
Related to input flow of electricity

elect. display

Z=~5 import | store » charge > supply | actuate
elect. elect. level elect. elect.
convert | ., | convert p.e.

» elect. to » rot. to > —
rotation pneum.

28 Ahmed Kovacevic, City University London
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“"Five Steps to a Functional Model

e Step 3: Connect the function chains together
» Connect function chains for each flow
» Add/remove sub-functions as necessary

e Step 4: Define the system boundary
» Differentiate between user and device functions

e Step 5: Identify components for each sub-function
» Many alternative components can perform function

e Final check:

» Check if all objectives are covered
— Make sure each objective is met by at least one sub-function
— If not, sub-functions (or chains) must be added

29 Ahmed Kovacevic, City University London
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e Aggregating t

ne Dust

Functional Model Example

puster function chains

visud signd

[ — ->
.. - |
dedtridity import  |elect. store dect, | disPlay LI release dect
ded. dedt. chage | elect. | ey
status
heat
elect. J sound,_
h.e.
hand i convert convert
import actuate elect, ;
hand harld dect. eled_. to oL | rotationto
rotation pneum. human energy
l A I I
5 hand
. LN ) pe pe ne. pneum.
ar import air | channd air filter T export -
debris | ar/debris [ “debris | ar/debris  [debrig. ar  pe—— ar ar
" debris
\ .
glegr] i import o debris n debris
==— human h.e ore > expo —
i hand ; o
eneray debris debris >
he human energy
weight bdance | |hand | trensmit hend
—_— K > . n >
weight |weight | weight weight

Ahmed Kovacevic, City University London



~Functional Modeling Summary

e \What's the difference between
objectives and functions?

» Objectives tell us what the final product will “be”, what
gualities it will have

» Functions tell us what the object will “do”, without regard to
any particular form

— Functions will always relate input to output

— Functions capture the transformation that takes place
between input and output

e Though the difference may seem subtle, it is a very
Important distinction

31 Ahmed Kovacevic, City University London



UINIVERSITY OF LONDON

unctional mode examp e last y ecar
E Weightof battery ! "~
i Current . Dissipated
|
! _V?It-ag_e ______ b T Heat
' Hand |
Electrical : |
Energy E.E i
Import E.E Store : Actuate E.E ConverteElE. | M.E Transmit
Electrical E. Electrical E. Electrical E. to Mech. E. Mech. E. ==
T
e .
(Hand | yport | Hand : [ Trigger Aim [ Ta’gIEt‘iiSta.nCE :
rand Torget | | Aneleoftrsjectory |
[ Load Ball o
| e e s i 1 Dissipated
. i Heat &
i  PressureE.
i |
Ball Pos. I . >
Ball ) :
Eals Import __a_s.. Store _?IE._ Release _B_all_' Guide _BEII_ Position _Bﬁﬂ,_, Transmit Ball | Guide -—Ef”—u. Export —Eaﬁp
Balls Balls Ball Ball Ball PressureE. Bal| | =— Ball pr—
E r'y K.E ' K.E 7 K.E
. 1 . '
y VT T T T T T T T T T T . W
-1 Volume of balls ! I 0o - T
! Number of balls : =" 1 Power i == Friction ! “~° : Exit Ball :
; Storage volume ! | Delivered ! i Losses | i velocity |
i Weightoftennisballs | i onball P T fmomememes !
b e e e e - 1
Compressed -  Energy Flow
Gas | import [_CG | Guide
C.G. PressureE. .
cG . ———+ Materials Flow

E Volurme of Gas Tank

! Gas Pressure
o o

32

Ahmed Kovacevic, City University London



N

M Convels 10

= mcfg 4

SY s tean Oi et ;‘)f-“‘vﬁ-rd

U
!ﬁ:- &y g’t{j G’r Cf'x:;} _E;

by the 'ft | |




o

CITY Tennis ball server

@ | (Po\.f‘mt)@@fs N

v P S

?'L "J—ML-\-MME ]
P, - Disetoye (Bt

(Pu‘;!o -] I—"l?f
6= Ft

Gy (ge)

Tennis T T Batl (M- Mo of ‘onff; »
bc«ﬂ(’, Co, € By ,w._b&] Hwh é " "
serve (™ —p— ?SB["“‘S Djawmeded ¢ |
Augles T - ucivabo n @mﬂ‘m\
- dencbone (Bt



Tennis ball server

@) FUuNcTIonAL HMODEL

.d_’,r) ‘_\_ A



E
S &Q
&q

W?i

Elee L—»IL

’*""'ricﬂ:. el

O

25

- lee, &
t%td‘} (o L;[J»L
e r =
@_U‘ﬂ | Ea}
o s&@
ire) .
(m | .
1)



@ ENERGY comversion & CoNTROL  SYSTEM @

Ahmed Kovacevic, City University London



(B) AL LAUNCHING MecHavsy (<)

'?:,Gkiﬂﬂ-
!7 F\-«'.J 9":5 }U"Lb

SuPPLYUW &
STORE

WD &, ep,

Ahmed Kovacevic, City University London






Deliverables for Week 4

» Updated Notebook, Updated Gantt Chart
» Meeting minutes from last week

» Finalised & weighted Objectives Tree In
3 or 4 levels

» Market research
» Functional Model

40
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