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Model Organization

pkg Model[ Model Organization J_J

Model Navigation Guide

—

0-Model Guidelines

User Defined Stereotypes

1-Dishwasher Context-as-is

]
2-Dishwasher Context-to-he
| 1
1-Requirements 8-Dishwasher
1-Black Box Spec
2-Structure
_| —|
3.Use Cases 2-Logical Design
= —
4-Behavior 3-Physical Design
5-Parametrics
]
4 Verification
[
6-Input-Output Definitions
1
7 Value Types
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Model Guidelines

* Includes OOSEM Process

Manage

Requirements
Traceability

(act [ MBSE Method (00SEM) ] ]

i

Model Guidelines

Analyze
Stakeholder
Needs

Analyze
System
Requirements

S

Define Logical
Architecture

——
il

synthesize

Architectures

[Alte rnative Physical

Optimize &

Evaluate
Alternatives

~
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OOSEM Profiles Package

User Defined

Stereotypes

pkg [ User Defined Stereotypes ]J_J
wstereotypes
system of interest
[Element]
wstereotypes wstereotypes
software store
[Element] [Element]
wstereotypes wstereotypes
hardware Mo
[Element] [Element]
xstereotypes
logical
[Element]
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SSA
To Be Model -}\\\

 Start by copying As-Is Model
* Then incrementally update as you proceed through OOSEM process

Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved. 5



Causal Analysis

[ Causal Analysis J_J

\

Operational Cost  Installation Cost  Production Cost

\l \ » Total Cost of Ownership

(' operator Workioad

EﬁectivenesE)

1123 La-vel Cleanlliness

User Value

pr——————————
Business Value
— —

D

/S

Commerical Residential

» Market Size
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Mission (Market) Requirements .-}\\

req [ Mission Reguirements J_J EEj

Context Level

zreguirementz
Market Requirements

T

zreguirementz
Reduce Workload for Cleaning Dishes

ld="21"
Text="Frovide a safe and cost effective capahility

to reduce the workload required of the userto
clean dishes, pots, pans, and utencils.”

Mission requirements may be referred to as Market requirements
for commercial applications
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Dishwasher Use Cases

uc [ Dishwasher Lse Cases J_J

i

Context Level Dishwasher =l Potential to

L // reduce operator
Load-Unload / workload

Dishwasher

ginclude:

el S e

Clean A.rtu:les

Residence =

Prewash

Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved. 8



Top Level BDD

bdd [Package] 2-Structure [ Context Level BDD J_J

zhlocks
Dishwasher Context a— Context Level
value s
amoes acguisition cost © Dollars
zmoe: cleaning akilty : Particulate Density
zimoes: operational cost : Dollars
smoes: operator workload : Minutes
zmoes: styling
zhlocks zhlocks zhlocks
User zzystem of interests E— Residence
Dishwasher
’ fblﬂ;kx- shlocks zblocks zhlocks eblocks
B on Water Source Power Source Sewer Installation Frame
zhlocks
S . e
LHility
value s
cost
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)

&szx
Proposed Approach ,\&

* Consider different ways to reduce the operator workload
* Reduce the effort to add and remove articles (e.g., auto-load)
* Reduce the effort to add detergent
* Reduce the effort to prewash the articles

* Initial focus is on item 3)

Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved. 10
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Dishwasher Requirements
Potential Requirements Impact e

req [ Dishwasher Reqguirements lJ

% arequirements

. 1 Dishwasher
System Level Dishwasher Requirements Table Specification

I
| |

arequirements areguirements arequirement=
Interface Requirements Functional Requirements Performance Requirements

requirement S a—— EP
’ P‘:Jwer IF ’ I TN l |
/ areguirements \ zrequirements srequirements sreguirements
ld="7.3.1" —

Wash Dry Hoise Energy
Text="The system requires d="7 21" Consumption
T10VAC power. Text="The system shall
automatically wash a

. 1 arequirements areguirements
reference load of articles with Cycle Time Water Usage
arequiremerts | | size, shape, and material as =742 \ =7 44"
pecified in Table 1" Sl ; L
usterinput IF \ — / Text="The Dishwasher shall Text="A complete normal
\/ clean greference loadin less clean cycle shall not use
arequirements than 2 hours under the reference maore than 5 gallons of
Water OutIf | conditions. . . water"
\@ﬂeday = ayVerify Cleanlines 3/
N~ > N
areguirements - - arequirements
User IF arequirement= arequirements Cleanliness
Physical Requirements Specialty Requirements
® ® Id="7.45" \
I I I | Text="The dishwasher shall
arequirements areguirements areguirements e Emars e amEre T'acr][heve af Samtat:onéeve;nf tshmm
Capaci Size Weight - or the reference load under the
= — 9 Reliability Safety specified conditions.”
ld="7.11 WBdByz aVerify Cleanlines
Text="The system shall
areguirements weight lfss than110 areguirements arequirementz \/
Styling pounds Maintainability Production Cost

Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved. 11



Dishwasher IBD
System Context

A

ibd [Block] Dishwasher Context[ System Context J_J

=

Context Level

Specify the external interfaces for Dishwashet:}

:User

cartral if

>
Control Input

.
Status

status if

Detergent

Acoustic Moise

: Dishwasher

electrical power if

: Residence

: Power Source

Electrical Power
Air Air
air if

detergert if water source if Wa? : Water Source
er
) ] article if sewerif [ [~ g "\_| :Sewer
noize if frame if [] ] pd : Installation Frame
o8

Prewash not required

Increased waste

Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved.
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SSA

STRATEGIES

|/O Definitions z\\

* Impact on Reference Load, Water, etc.
T~

ﬂluckx blockaN eblocks zhlocks
Water Detergent Force Acoustic Noise
values values ‘:r
flow rate strength
particulate density zhlocks
Pressure \nad
temp T

zexternalz WalueType: & zsignal=
Article MaterialKind Mode Select
values plastic
cleanlinenss level wood
contaminate binding strendgth ceramic =signal=
mat:_arial: Ma_terialHind stainless Control Signal e
particulate size
size
T‘ T‘ zsignals y( 'l(:ignax
zexternals gexternalz Valve Position let Valye Position Cmd
Dish Pot : / |
zsignal= eigniis
o —— Eernue / Drain 'I.I'atqe Pogition Cmd
Ltencil |

fsignalx zzignal
pray Arm Cmd | |Motor an:l Clean

[
zsignalz

Heater Cmd Dis

Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved. 13



/O Definitions (cont.)
Defining the Reference Load

bdd [ Reference Load J_J

wblocks

Reference Load

Bize

material :
particulate zsize

pot1 dish1 | dish2 utencil
swexternals wexternals wexternals
Pot Dish Utencil
wexternals
Article
VaullE s

cleanlinenzs level
contaminate binding strength

Materialkind
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Activity
(Load/U

* Update required reference
load to reflect articles that

* Precondition is changed

(‘act [ Load-unload Dishwasher 1
Context Level Operational Use Cases
cccccccccccccc
User = esystem of interests =]
Dishwasher -physical
|
are not pre-wasne power-ot)
I
: Open Door,
| th |
’
|
aﬂ"l" oo jpeli T —
= - — P : Provide
| \T} ‘ Access |‘|1 ‘
I L4
< | y
| I,-| |
Ia *I
!
[ [ = \
) N 2
! o 1 Add 1 Store |
| ;| | Deterge nt, | = Deterge nt .
' ‘ th | !
' e J
| N
| |
I | = I E—
| ! : Place Articl in : Store Article
| / ' | h [ | h |
. | —— ’
! ! | | out
| ! { +=min starting
| ;o | cleanliness level =min endin
/ Lt ’:‘Fin n cleanliness leve
|
! |+| | \V’\
|
| ! \ | o
: iy i |

Diagram for Use Case 1

nload Dishwasher)
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Activity Diagrams for Use Cases 2 }&
(Clean Articles) \ g

(act [ Clean Articles |

[ ] M :
= I Potential impact
— — to requirements

zhlocks = zblocks = zhlocks =

Swiniillbard Rtsiers for wash and unfill
@

[door closed] I

Electrigal Power

I e {stleam} ~ g .
P " P ) : Distribute: : Provide
| i Select Stall"i.l |—°WE!r HHE‘ Electrical Puwrﬁr bE _— E‘ Electrical Powrﬁr ‘
. Power On| ) Electrical Power \ y
| ! ‘ {stream} ) '
|
| Water
| [time delaxr:td]g[' S Fill A \ {stream} ‘provide Watl%r |
\. Water N
| {stream}

wasgte | Water

{ftream} - : Drain Wateﬂ.l ‘

Water

{Etream}” . provide Water |
— # )

Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved. 16



Dishwasher

Black Box Specification

bdd [ Dishwasher Black Box Specification J_J

* Potential impacts

«system of interests
ablocks

Dishwasher

properties
«classifierBehaviors : Operational States

FENErences
wstores : Water
xstores  Article
wstores : Air

ValleSs
«stores cycle : Current Cycle
«mops: cycle time
amopz energy efficiency
«Mops noise level
«Mop» Size
«mops: water consumption
«mops: weight

operanons

7\

wash(i >
rNEE
fill(y

fill
store article(}
dry(}
manage faults()
distribute electrical power()
provide access()
store detergent()
control if electrical power if

TAY

. status if

water source if

=

Model
Navigation-
System Level

Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved.
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System State Machine

stm [State Machine] Operational States [ Operational Statmu

Open

System Level do / Provide Access

A

Mode Select / Set Mode 1/ Store Detergent
Close Door Open Door

Closed

-y

Wait

Fower On Power Off

yd

Cleaning

Finish
( Wait

entry / Determine Next Cycle

[ Filling Unfilling
do / Fil —J do/ Unfil
exit/ Set Cycle exit/ Set Cycle

—_
e

Spraying | Drying

do/ Dry
exit/ Set Cycle

;

( i | Rinsing
do / Wash do/ Rinse
exit/ Set Cycle | | exit/ SetCycle

Cleaning

%)Fin i=h

WWait

entry / Determine Next Cycle

%

| Filling T'~ 0 e ’|‘ " (unfilling )
doJ Fil do J Onl
exit / Set Cycle exit / Set Cycle
Spraying Drying
do / Dry
exit f Set Cycle

7~ N
do/ Was
exit / Set Cycle

L

Rin=zing

do ! Rinse
exit / Set Cycle

Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved.
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Dishwasher Logical Breakdown

Partial

A

bdd [ Logical Breakdown _]_J

=

Model Havigation-System Level

wlogicals
wblocks

1-0 Mgr

zlogicals
wblocks

Control Input Mgr

zlogicals
wblocks

Status Mgr

wlogicals
sblocks

Detergent Mgr

zlogicals
wblocks

Article Mgr

«=2yetem of interests
wblocks

Dishwasher

i

wlogicals
wblocks

Dishwasher-logical

xlogicals
wblocks

Acoustic Noise Mgr

zlogicals
wblocks

Electrical Power Mgr

wlogicals
wblocks

wlogicals
wblocks

Interface Mgr

zlogicals

zlogicals
wblocks

Infrastructure Mgr

sblocks

User Control Interface

wlogicals
wblocks

Fault Mgr

zlogicals
wblocks

User Status Interface

wlogicals
xblocks

User Detergent Interface

xlogicals

sblocks

zlogicals

Electrical Interconnection

wblocks
User Article Interface

clogicals

wblocks

wlogicals
wblocks

Water Interconnection

Acoustic Noise Interface

sblocks

zlogicals
Water Control Mgr

zlogicals
wblocks

Electrical Power Source Interface

wlogicals
wblocks

Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved.
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Dishwasher Logical Interconnection }&
Partial o

ibd [ Dizshwasher-logical intercunnediun—pﬂrtiﬂllj
control if Model Navigation-System Level electrical power if
status if air if
s Water In Mgr
g water source if
detergent if . — —
: User Detergent Interface EETAL ] DEtEEE"t " astores | : Water Source Interface o [:l
Detergent T m_stﬂr_f.‘n B | | :water | in : Water
| :Detergent | T
e Spray Control Cmd, Water
Heater Cmd Contral
Cmd
v : Water Control Mgr —
VWater -
Water
. Control
!
* Water Control Cmd Cmd
article if : Article Mgr : Waste Water Mgr sewer if
L g z
[_I F : User Article Interface __ L. — s B e Tare :|
Adrticle | wstores | | astoren
. Article waste : Water waste : Water | waste | Water
noige if | | | | )
—— s frﬂm&lfI:l:|

T

Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved. 20



Wash
Logical Activity

(act [ Wash-logical ]J IEI

Model Havigation-System Level

wlogicals wblocks wlogicals wlogicals
wblocks Q xlogicals Q ublocks Q wblocks
Detergent Mgr Water Control Mgr Water In Mgr VWaste Water Magr

. «stores
: Water

P S

|
| control heat lj + ﬂ
|

heat water

hot : Water

I
o N
| " control s ' [ ' P
pray spray article collect waste
| | |:| ‘%‘lj %‘lj water
w=tores | | T
: Detergent
wsiores
é waste : Water
" dispense
‘ detergent into
water

Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved.
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Unfill

_ogical Activity

(act [ Unfil-logical ||

=

Model Navigation-System Level

wblocks
zlogicals

Water Control Mgr

-

zlogicals
wblocks

Waste Water Mgr

-

Sewer Interface

wlogicals
wblocks

®

wstores
waste : Water

4

-

generate
outflow

b

»

o

connect to
SEwWer

Jy

"mntrﬂl ﬂut—ﬂﬂwE
\ Viater

l:u ntrn:ll

Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved.
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Design Options

bdd [ Pre-wash Design DptinnsJ_J

wpdrdwares ahardwares \
Grinder VWater Cleanliness Senso

4

Valles

capaciy !
noize level ; db !
.
\ !

E

Model Havigation-System Level

wrationales
Option 1. The grinder, cleanliness sensaor,
and higher capacity pump enable reduced
aperator workload by requiring no pre-rinse of
the articles before loading (refer to market
requirements ). This is selected as the basis
for the initial physical architecture. Will
increase noise level

AN
=

ehardwarex» xblocks
Particulate Filter Detergent
| values
|. strength
I
|
N ]
arationales % arationales
Option 2. Add Option 3.
filter to remove Consider higher
large particles. strength
Dizadvantage detergent. May
iz that it must impact
be cleaned environment.
manualhy.

|
xhardwares
Pump
values
pressure

noise level : db

Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved.
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Logical to Physical Allocation }\
Waste Water Mgr Example s

bdd [ Logical to Physical Allocation-YWaste Water Mgr Example ]JJ

":'ﬂﬁf ablocks

«hardwares
Waste Water Mgr|  callocates - Basin

I

B 4 e
waste : Water Miiter

wblocks
aallpcates whardwares

Motor

New components that include
/ﬂf\> Grinder, Water Cleanliness Sensor,

L EERIREER: ‘ Grinder . .

2 and higher capacity Pump are the
art1 : Grinder . . . .
callocates | SSoWares - design option under consideration

wblocks values
capacity
noise level . db

/ﬁlucﬁ\

| _ xallocates é zhardwares >
NWater Cleanliness Sensgp
TTTememSe—————

Controller

Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved. 24



Physical Components

Logical to Physical Allocation
Matrix View

A

SSA

STRATEGIES

Logical Components
Legend G g o ow o g s S d ad S i e S NS g
/o SEENS SRR SRS NS AR LIRS
4 4 E T2 = §E EE DS O S 2 E 5w 8|05 Ew
8% E Q2R L ERS g2y 80 C0aly npop
§::=5538323838Ff 5825382283 2\2)2 222
N T T
Etl 1-5Structure il T (2021312 i1 1 1 1 2 1(|1/|1 1 5 2 8|1 1
ED 1-HW Components 1 I8 I 2 1 1 15 TSN ST T o (5] SR [ e S R [ R £
=] Air Heater v
= Air Temperature Sens
=] Air vent 4
.= Basin Ve Ve
Q Control Panel
=] Dispenser v v
=] Dispenser Valve v
=] Display e
Q Door |._/
Q Door Gasket
Q Door Latch
=] Drain valve e
= Enclosure VAW AN
Q Heater Switch
=] nput Control v
=] Insulation v NV
- Lower Rack e

Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved.

Q Grinder
Q Motor

Q Water Cleanline

Legend
" Allocate
=
£
i
=
L
X
=
EI-E Physical 6
= Basin i
= controller v
v
v
e
e
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System Physical Breakdown

as-IS

bdd [Package] 2-Structure [ Dishwasher Breakdown lJ

System Level

L —

«system of interests

Dishwasher

wblocks

«system of interests

ablocks

Dishwasher-physical

wblocks
Dispenser|

references

wstorexs : Detergent

ablocks
Control Panel
wblocks I I
Enclosure «blocks wblocks whlocks
references Basin Display | |Input Control
wstores | Air references
«stores : Water
wblocks
ablocks R ack
Door [}
wblocks wblockn
Door Latch Lower Rack
ablocks
Door Gasket
ablocks ; ;
Insulation wexternals
Article

5
cleanlinenss level
contaminate binding strength

size
material : Materialkind

P Nicks ablocks
Processor TELl
T [ T LA
| | | |
wdllocatds | | | wblocks ablocks
Air Vent Water Heater
«softwares ‘ l ssoftwares heat water(}
wblocks | | ablocks B
Controller Interface SW i
| | Air Heater
| «allotates
«Jllucaten l
| | wblocks
Heater Switch
wsoftwares | |
wsoftwares
asoftwares -
ehlocks wsoftwares wblocks
Mitor ublocks Motor ablocks
Status Mar Water Inlet Valve
wblocks «hardware» wblocks
Upper Spray Arm ablocks Drain Valve
Pump
ablocks
block
L :Spal; AT Dispenser Valve

Air Temperature Sensor

wblocks wblocks
Wiring Plumbing
ablocks

wblocks
Water Temp Sensor

Water Level Sensor

«blocks

Dishwasher-physical is subclass of Dishwasher

Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved.
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Modifications

Dishwasher Physical Breakdown

chz
tor

1N\

Power Supply

zhlocks

zhlochs
Heater Switch

ahlock=
Water Inlet Valye

zblock= Feochs

Grinder

\ Pump /)

ablocks )
zhardwarez || |Drain Va

zblocks

Dizpenser Valve

Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved.

zblocks zhlock=
Air Vent Water Heater
heat water()
zhlock=
Air Heater

zhlocks zblock=
Wiring Plumbing
zhlocks

Air Temperature Sensor

/’ —

zhlockz
Water Clearsiness Sensor
—

zblock=
Water Temp Sensor

ahlocks
Water Level Sensor

Software controller impacted
but not shown

A

SSA
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Wash Activity (1 of 2 }&
Modifications o

esoftwares E ablocks Q ablocks Q ablocks Q ablocks Q ablocks Q
blocks VWater Cleanliness Sensor Motor Dispenser Dispenser Valve Basin
Controller
" :Command Valve iz open
= open-floke P
Valve Position |~ ifin wash cycle
| open-close %
[ -«cuntruIOperatn ra | Detergept———————.
T in D:_Control : Store Water
—z A ispenser
W/ 2 et Valve Position 4

| store:
E ;T"T'E opticnal TWatenr

-, Motor

(" :Command cmd (" :Provide )Torgue]
%E‘ Motor b ’J:‘ Torque

: Collect Waste |
| Wiater
th

E‘ Cleanliness estores
) waste : Water

Added
- Water Cleanliness Sensor

Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved. 28



Was
Mog

n Activity (2 of 2)
ifications

A

wblocks Q wblocks Q chardwares g whlocks Q wblocks Q
Basin Water Heater ablocks Lower Spary Arm Upper Spray Arm
Pump
M —
| i Spray Water lj out
Detergept——F———— EEE———— ) — e 4
- : Store Water | : Heat Water in :Vater” : pump Water ) 0ut:Wat e,
I:'( in : Spray Water
A + heated A |

==

wstores

: Water

: Collect Waste |
Water

I+|.4’

1

o

wstorex

waste : Water

Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved.
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Unfi

Mog

: Current Cycle |>

| Activity
ifications

A

act [ Unfil

Current Cycle

Level Sensor Si

Leve|

Level Sensor Si

na

=

:Provide | Toraus
Torque

«stores
: Water

[Sensor Signal [ : sense Water
|:1 Level

nal

orque

asoftwares = ablocks = ablocks = ublocks whardwares = ablocks = ablocks =
«blocks Water Level Sensor Motor Basin «blocks Grinder Drain Valve
Controller Pump
Current Cycle [~ : Command Wator C Motof Cmd [~
Motor

in: Water™ + in : Watef - crind Waste inllwats '}:Control\.’arve ) out: Water
5 : Pump Water o i : Grind Waste " o T Position
out  Watgr ut: Wate| \

rain Valve Position Cr]

[ :Command
Valve Position
Drain

jpive Position Cmd

ablocks
waste : Water
{stream}

Added
- Larger capacity pump
- Grinder

Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved.
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System Interconnection
as-Is

ibd [Block] Dishwasher-physical [ Dishwasher Interconnection lJ
: Processor
esoftwares | | esoftwares ower if-1
| asoftwares | «softwares | [“Power Soppty | P 1l
System Level : Monitor l : Controller | 4 e SupRly < L:l
(| T | I = i Electrical Power Electrical Power
esoftwares |
: Control Panel : Status Mgr |
(L. I )
ntrol in if-1 == = = = A -
—| : Input Control | esoftwares — GHESERSWilch 3
Control Input -
. P Glinteriacelaw) — : Air Temperature Sensor
[status out if-1 | | sensor Signal
: Display >
Status | | Control Signal
| »
| Ly
| Control Signal
: Dispenser | :
dispenser if-1 [ estore» | [ ! - Motor
[ - 4 I ™
Detergert | :Detergent | [(— Cortral Signal
v -
Detergent ) A : Basin
My control signal \ Sensor Signal | _ water inlet if-1
w | Sensor Signal | «mrt? | < f| :Water Inlet Valve |_4_|
_ -] Cdntrdl Signal | Bead I Water Water
: Dispenser Valve : Water Level Sensor
Blue designates B | | I—_I
mechanical |
d A | e ——
interface :Water Temp Sensor (I |
Sensor Signal i
|
: |
: Water Heater _| | : Pump drain if-1
: Drain Valve
L _I__ Water
Detergent Water
:Door : Enclosure \ : Air Vent
: Door Latch
[jduor if-1 ’—l
4
v
Wiater
: Door Gasket
A 4
(Water
Article : Upper Rack
» p— N _4_| : Upper Spray Arm
- + Arti Water
article if-1 ¥ Anicle
C Article
: Lower Rack
Article — — — — f
> |": Article [1 [ :Lower Spary Arm
— Water
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Dishwasher Physical Interconnection }&
Modifications .

Sensor Signal
: Motor
water inlet if-1
4T 4| :Water Inlet Valve A < ]
Water Water
s Water
Cleanliness
Sensor
: Pump : Drain Valve grain if-1
r
= : Grinder Wa.t:er |_:|
\ Water
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Analysis Context BDD

bdd [ Analysis Context BDD ]J

Previously
defined \|

Model Navigation-Context L

E

Define a block for each engineering analysis to be performed
such as performance analysis, reliability analysis, and cost

"<,

Eeanliness Analysi/s/

analysis.
wblocks
zanalyzizs
Analysis Context
] ]
,-'\\
xanalysiss N zanalyziss wanalyzis» wanahysism

Operator Workload Analysis Coz=t Effectivenzs Analysis Co=t Analyzis

(

T —

czanahysizs

Reliability Analysis Noise Analysis

" wan aly=ziz» wanahysiss
Energy Efficiency Analysis

New -

For each analysis, define another block
definition diagram_to specify the subject of the

analysis and the constraint blocks to be used.

Copyright © 2012-2023 by Sanford Friedenthal, All Rights Reserved.
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Cleanliness Analysis BDD

bdd [ Cleanlinesz Analyzis EIDDJ_J

The Analysis block refers to the subject of the analysis (i.e, E—I

s0a). which in this case refers to the Dishwasher Context Model Navigation-Context Level
block. The Cleanliness Analy sis block is also composed of

the constraint block used to specify the parameters and

equations.

wanalysiss 208

block
Cleanliness Analysis = i

Dishwasher Context

wconstraints
Cleanliness Analysis Equations

COonSLranls

{sanitation level=f{wash pressure, wash temp, wash time, solvent strength, particulate binding strength, article material}}

Paramerers
water pressure
wash time : Minutes
=zanitation level
wrater temp
solvent strength
particulate binding strength
article material
particulate binding area
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Cleanliness Analysis
Parametric Diagram

par [ Cleanliness Analysis J_J
ﬁ

o

The properties of the blocks are bound t
EELI the parameters of the eguations.

Maodel Navigation-Context Level

™ 7 soa:Dishwasher Context |
' |
| : Dishwasher-physical wconstraints
| : Cleanliness Analysis Equations
| = = = - | i
| | Article 1 I
|
| = ualy
I | cleanlinenss level - b :I e e
' |
: == |
| | | contaminate binding strength ! ; | wgquals :I particulate binding strength
| |
particulate size | éq”ﬂl’“ : P
| | | i :I particulate binding area
| I |
| | material : MaterialKind l gequals
I :I article material
| |
L — |
I : Dispenser |
' — — — |
| '_.' Detergent [ |
[—— |
| | strength ; | :I =solvent strength
| [E— | |
I |
I : Basin |
I |
| | : Water |
| I i |
| | temp:'C | :I wiater temp
| | I
[ |
| | | pressure | [ :l water pressure
| L— — — — |
|
| : Controller L
weglaly .
| wash time | :I SRS
| | \
I |
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Noise Analysis BDD

bdd [ Noise Analysis BDD ]/

ganalyziss
Hoise Analysis

=04
F—

zblocks
Dizhwaszher Context

gCconstraints

Hoize Analysis Equations

Paramerers
total noise : db
comp 1 noize : db
comp 2 noise . db
comp 3 noise
insulation thickness

=

Model Navigation-Context Level
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Noise Analysis
Parametric Diagram

STRATEGIES

par | NniseAnar',rslsLJ EEL']
Model Havigation-Context Level

r _saa_ I.'!Ehv:as h_er EﬂnText_ _I ( wconstraints
[ | : Noize Analysis Equations
I : Dishwasher-physical | |

I
| 3 geqlals :

noise level 1 total noise
| . F
| |
I : Enclosure |
| » Insulation l
| . mE*:LIEln
| thickness | :‘ insulation thickness
| |
| |
» Pump

| quUEI::u ]
I noise level : db I :| comp 1 noise
| |
| » Grinder l

I
| - y seguals

noise level : db ] :‘ comp 2 noise

|
| |
L _________ |
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Specification Tre

e

req [ Specification Tree ]J_J

i

Model Navigation-Context Level

grequirements

Market Requirements

T

| etraces

|__:.

grequirements

Dishwasher Ep-ecificatiﬂn

| etraces

wrequirements

Hardware Requirements

N

wreguirements

Pump Specification

wreguirements
Motor Specification

T

I
wtraces

|

I

grequirements
software Requirements

[

grequirements
Controller Specification
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Cleanliness Requirement Traceability z\&

req [Package] 1-Reguirements [ Cleanliness Traceability ]J

=

Model Navigation-System Level

stestCazes
Verify Cleanliness | __ gverifys

srequirements

Reduce Workload for
Cleaning Dizshes

| wderiveReqts

ereguirements
Cleanliness

Id="v7.4.5"

= )
Text = "The dishwasher
shall achieve a sanitation
_ level of Smin for the
zrationales reference load under the
Refer to Cleanliness Analysis specified conditions.”
NS =~ il F R SR
™, - -
U A R U
b ks fu e
At ~ | ~yuatis s -,
NS gaatidfy
usattsf'_,rn\r, N \
/ | \
hard ! .
; E[ll:éﬁ;e* , «blocks ablocks
S Water Heater whardwares
p 'II' waines .I water
values , T Cleanliness
pressure r thermal capacity: —
noize level : db heat water(}
purnp water()

,
“isatis fys
*,
wblocks
whardwares
Grinder

Parls

part1 : Grinder

Valles

capacity
noize level : db
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Verification Context
bdd [ Verification Context BDD J_J
sblocks el
Verification Domain Model Navigation-System Level
«blocks
-aifie- o=
Merification Context-Cleanliness
verify cleanliness() : VerdictKind
i I I ! system under test
«operators «test components «test components «system of interests
ablocks Reference Load-Test | Cleanliness Monitor ablocks
Tester Dishwasher-physical
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Verity Cleanliness Test Case o}-\\

act [Test Case] [ Verify Cleanliness ]_J EELI

Model Navigation-System Level

: Cleanliness Monitor :Tester system under test : Dishwasher-physical

P
|' Load
| Reference Load
I

. S—

|:"Set Dishwasher | — — _— L _— _ gq execute clean
(" Unload )
|_ Reference Load - -1 - - - = =

|
[ Monitor [ Position Article
|_ Cleanliness - 1 —I in Monitor

l Analyze Results — resuft wvalueTypes
_____ B ﬂh’_p verdict : VerdictKind

®
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Navigation Diagram }&SA
Top Level ol

* The first 3 diagrams (including this one) are pkg diagrams called
Navigation Diagrams that include links to other diagrams
e Top Level (this diagram)
* Context Level
e System Level

pkg [Model] Model [ Model Navigation-Top Level J_J

] ia

Model Guidelines Model Navigation-Conmtext Level

] ]

Model Organization Model Navigation-System Level
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Navigation Diagram
Context Level

o

pkg [Package] 2-Dishwasher Context-to-be [ Model Navigation-Context Level ]_J

Madel Navigation-Top Level

Context Level Views

i = % a o, o)

Mission Requirements Context Level BDD Dishwasher Use Cases Anahysss Context BID Input-Output Definitions Value Types
System Context Clean Articles Load-unload Dishwasher Cost Effectiveness Analysis BDD

o

Cost Effectivenss Analysis

&

Cleanliness Analysis BOD

it

Cleanliness Analysis

Operator Workload Analysis BDD

Operator Workload Analysis

&2

Noise Analysis BDD

o)

Noise Analysis
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Navigation Diagram
System Level

pkg [Package] 8-Dishwasher [ Model Navigation-System Level ]J

% System Level Views

Model Navigation-Top Level
o & 5

Specification Tree Dishwasher Black Box Specification Operational States Mermcanan ComexEEuL

% I‘_rlmEl % Verify C%nliness

Dishwasher Requirements Logical Breakdown

o

R @ Unfill
Dishwasher Requirements Table Dishwasher-logical interconnection-partial
% |-_f|'DE| Rinse

Cleanliness Traceability Design Options

A ==

Logical to Physical Allocation Matrix Wash-logical-OrigindVash

= =

Dishwasher Breakdown

Dishwasher Interconnection

--

Dishwasher-Image
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Project Evaluation a\&

* Review your project against the evaluation criteria provided in the
project overview
e Completeness
* Correctness of language and method
* Diagram layout quality

e Update as required to address issues
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Observations & Conclusions ,\&

* What did you learn?

* |dentify key insights regarding the MBSE
approach you would like to share
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