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S*MBSE Patterns: A small scale example
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» This material illustrates a simple (lubricating oil filtration)
system MBSE S*Pattern, with (portable) S*Model data
shown in the "pattern starter kit", SE Patterns Workbook.

* Other material shows the same (portable) oil filter MBSE
pattern data in an OMG SysML® third party COTS tool.

* In general, S*Models and S*Patterns may be ported into
any tooling that is enabled with an S*Mapping from ICTT
System Sciences.
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Multiple configurations allow a product line family to cover the differing needs associated with
different customer groups, applications, market segments, regulations, and other variant drivers.

Family of Systems: Filter Configurations
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We'll see how the characteristics of general and specific oil filters are described by the S*Metamodel

Family of Systems: Filter Configurations
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Domain Models directly help by discovering and capturing all the external systems physically interacting
with the Subject System—these are the source of all Functional Requirements.

Domain Models
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7
Domain Models show the external systems that interact with a Subject System over its domain life

cycle. This defines the System Boundary, External Interfaces, Domain Relationships.
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8
Domain Models show the external systems that interact with a Subject System over its domain life

cycle. This defines the System Boundary, External Interfaces, Domain Relationships.
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Stakeholder Feature Models address a key SE challenge by making explicit the ultimate stakeholder
outcomes against which all decisions, trade-offs, optimizations, and outcomes will be scored and

Stakeholder

Features

selected. This covers all Stakeholders, not just Customers (e.g., Shareholders, Community, etc.)
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Stakeholder Feature Models address a key SE challenge by making explicit the ultimate stakeholder
outcomes against which all decisions, trade-offs, optimizations, and outcomes will be scored and
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selected. This covers all Stakeholders, not just Customers (e.g., Shareholders, Community, etc.)

Product Stakeholder Features, Feature A’r’rr'nbu’res
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Four key uses of Features

- Stakeholder value, trade space, optimization,
rationale

* Risk management (all risks are risks to Features)
- FMEA (later section)
* Partitioning of product line space (later section)

(_@ ICTT System Sciences
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Features are collections of Functional Interactions (behaviors) having value to Stakeholders;

their Attributes quantify that value impact. Features are in language of Stakeholders.
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An Interaction is an exchange, between two or more system components, of ™
force, energy, material, or information, resulting in component state changes.
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Functional Interaction Models a key SE challenge by discovering and describing all external interactions of4
a Subject System. This leads to all functional requirements and thereafter all other requirements, in the
Detail Requirements Model.

Product Functional Interactions, Roles
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An Interaction of Systems, expressed as an external (outcome) relationship in which systems 15

impact each other's states. Interacting systems fill Roles in the Interaction. Interactions
technically characterize (model) the behaviors summarized by stakeholder-valued Features.

Product Functional Interactions, Roles
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An Interaction of Systems, expressed as an external (outcome) relationship in which systems 16

impact each other's states. Interacting systems fill Roles in the Interaction. Interactions
technically characterize (model) the behaviors summarized by stakeholder-valued Features.
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ﬂ A Later “drilled down" in Detail Level Requirements Model,
COONICTT System Sciences  to obtain Requirements Statements.



State Models directly address a key SE challenge by discovering and describing all Situations, Modes, or 17
Use Cases (environmental states) that a Subject System will encounter. These are associated with
Functional Interactions that lead directly to requirements. State Models can also describe Designs.

Product State Model

State Transition States answer the question: "When
State ‘ o - . . does each requirement apply?"
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States are Situations (Modes, Use Cases, Phases) that will be encountered in the
environment of a Subject System, in which it is required to meet certain requirements.

Manufacturing System State Model
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Logical Architecture Models directly address key SE challenges by partitioning the structure of 19
requirements into Logical Roles independent of design, then address more SE challenges by stimulating

design ideation and role allocation to physical designs and future technologies.

Product Logical Architecture Model
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Detail Interaction Models directly address key SE challenge by providing model-based 21
Requirements. These include Functional as well as non-Functional aspects, including all technical

requirements (Role) Attributes.

Detail Interaction Models

Benefit: This allows prose Requirements Statements to be viewed as
Transfer Functions, greatly improving ability to audit regular detail

requirements by embedding them in the Model:
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22
Directly addressing a key SE challenge: How do we discover all the Requirements,

including Manufacturing as well as others?

The three MBSE roads to finding all Requirements

MBSE provides a powerful paradigm for discovering all the
Interactions, and therefore all the system Functional and
Non-Functional Requirements:

1. Domain Model: Find all the external Actors that interact with the
system.

2. State Model: Find all the States (situations, modes, phases, use cases)
that the system will encounter.

3. Feature Model: Find all the Features valued by Stakeholders.

J “ Slake‘halder Stakeholder
Wi Requirement

Benefit: These three (redundant) paths
provide a higher-than-usual assurance of |
finding and validating all the Interactions |
and Requirements, which connect to each. |

This is illustrated by the following example i |
Model extracts . ... .
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discovering all the
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Interaction m Requirement (Required or Assumed Behavior)

Oil Filter System

Filter Lubricant

For a Return Lubricant stream of [Lubricant Viscosity Range] and
[Lubricant Pressure Range], the Qil Filter shall separate Filtered

Filter Lubricant

Technical Distribution Profile].
Requirements

viscosity within the

within the [Lubricant

L
Fi
Filter Lubricant Lt
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P
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Install Filter
Install Filter
Install Filter

Install Filter

il Filter System

Oil Filter System

Service Person

Service Person

The Qil Filter shall be manually installable in ten minutes or
less, using only a screwdriver.

The Qil Filter shall have installation instructions printed on its
exterior surface, in English

The Service Person shall have the visual acuity and hand
strength of an average 40 year old adult.

The Service Person shall be capable of reading English at the
tenth grade level.
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Physical Architecture Models describes the physical portion of the technology, to which Functional
Roles will later be allocated and optimized . . .

Product Physical Architectures
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Physical Architecture describes the subject system's major physical components, their

organization, and primary physical attributes.

Product Physical Architectures
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physical architecture (following BOM/assembly)
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Allocations of roles to physical architecture
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Logical roles are subsets of system behavior that formally model subsystems even though 33
they have not been allocated yet to physical designs.

Allocating Logical Architecture to Physical Architecture

B
5
2
82

- H
Oil Filter System \ ﬁ & o Y { >
______ [ Stakeholder Stakeholder Stakeholder Feature ‘:
' K > . World Requirement — .
she Service Structural Thermal coranges | B3 : tanggeoe Statement
212
giz neps Access Subsystem Energy 5N gt :
318 Distributor \ e H
L igstals [ rransmics ] [ ransmis ] 1 : ::n‘igf;'ﬁ,';
h |
' Removes Forces Forces - : E R:q‘,g:i‘, .,?:ZIE Lt
H ransmits Enfits .
mal . Vagors .
Forces Atmospheric E Every S*Metaclass shown is
bedded in both
Access H TRy
nsmits B Technical _absiraction (class) hierarchy.
Forces
_ Leaks — B
Solid Exterior To "’
e Contaminant . Containment _Scowpingp
Separator Subsystem
Rmoves dnd Isolates \ S
H
T T CoTSiTET T H
H H N H ;
..i..Contaminant i____ Lubricant Lubricant L S S I S VAT A -
Interface Inlet Interface Tt Outlet Interface
' i ", Allo‘\k?lion ’0
Al odia!mn ‘! Allkgtion \ -\.. R .
Support Spring { N\ Alogation | **
Bypass Valve N\ .“
/ . + i 1 *
/ / Physical \A(chlteciure i £
| *
/ / *

Bug, -.....SupponTube

Filter Media

Anti-Drain Valve

Sealing Ring
Cover Plate



Directly addressing a key SE challenge, multiple alternate physical architectures are typically 34
supported by a single Logical Architecture! This provides a powerful means for managing across
Technologies & Configurations, and enhances Platform Management.

Alternate Architecture, Technologies, Configurations
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Attribute Couplings

+ Attribute Couplings express parametric relationships

between attributes:

Kinetic Energy = Mass x (Velocity)?

- Market Share = TableLookupl4(Functional Performance, Reliability,
Weight)
- Generated Power = Input Power x Efficiency
- Reliability = Fpg(Bonding Time, Bonding Temperature, Bonding
Pressure) R e et
+ Couples the attributes of: e
- Stakeholder Features, i ' mpnl | L'
- Functional Roles || S — :
- Desian C R ;|- " Lot I
esigh Components o L ey |
- Input-Outputs %
SR S
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Attribute Couplings

Four types of Attribute Couplings:
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The Attribute Coupling Model addresses a key SE challenge to understand the quantitative 37
coupling of stakeholder preferences (Features) to technical requirements (Roles),
establishing a Feature-based scoring space for trade-offs.

Attribute Coupling Model--Requirements

*The "A" and "B" couplings
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The Attribute Coupling Model addresses a key Challenge to describe the coupling of Design 38
Component attributes to technical requirements (Role) attributes, provide scoring (in Feature
Space) of Design Attribute solutions.

Attribute Coupling Model--Designs

*The "A" and "B" couplings
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Attribute couplings cross domains

£ The Coupling Model is a unifying framework
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Generating Configurations from Patterns
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Generating Configurations from Patterns
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Generating Configurations from Patterns
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Generating Configurations from Patterns

——
i —

==
__———__

',’ v y,
Specific Needs for S*Configuration Agent
Features /

I
\
\

\ 4

I
| =~ — ———
\ \ N
\ protein chain \
\ L x ,
S . . - ) 4
N amino acid \ Pattern-Based Systems W@ / i .
| Englr;t:s(rzlgsgsEEZBSE) ‘\ | Metamodelfor W | St -S‘Wh"“’e’ Feature
i Model-Based Systems g Statemen
I'Ibosome ‘ Engineering (MBSE v = .
Pattern Management Funciore]
1 Process | T~  , b M At interaction
l 8 o -
c P Every S*Metaclass shown is.
I{ ¢ g ey o
/ § E I R O P B ) N _ Technca abtacion clss)erarhy
. ; P v
/ Pattern Configuration - -
7 Process improve oo e D,(Am Technical i
,’ Paftdrn Requirements. Requirement ole
b i Statement = £ B
(Projects, ~ * =
Applications) p||||||||||||||||m o ey
II or System Configurations ‘Il \ tatement G-~
[ ( IIIIIIIIIIIIIIIIII
mRNA ) .
movement of ribosome Pattern Class Hierarchy




44

Pattern Configuration Pathway

LY
S

LI LY L L L L I I L L R L L L R R L LR R R R SR L R E R L E XL XX XY
4
. A

' Stakeholder b
Stakeholder
' - '
: ) World Requirement {— Stakeholder Feature :
anguage

¢ v Statement (Lattribute ) 1
: N '
. \ '
) . \

. A Functional | '
' Interaction | State — System |,
0 : ! ]

s HighLevel Interaction) / '
o Requirements / . | '
: A — :
' . System of | ¢
’ . . a — Interface — y '
’ Every S*Metaclass shown is ; : Access .
’ embedded in both a / : '
: containment hierarchy and an Finess . | :
: T?g;ﬂigal abstraction (class) hierarchy. Coupling A : In put/ :
: Language \ . Outp ut :
- v AN : ,— —(attibute )~ < :
[} \ . | \ ]
(] ‘ \ 3 | / (]
S - logical System) il o 1-O Transfery~ '
‘ _ Technical — : L 1
! Detail Level R . unctional . &oupiing ]
v Requirements g? Utll’emr?[lt f Role /' ,,—:” ” ;

ateme - f===—"" ecomposition

b (Lattribute K\—:s\\\___ Coupling C :
[ ] ~

‘ '
0 '
' 0
0 '
' ’
0 0
. 0
' '

S

High Level Design (phystoe <3 Characterization
- . l1zatl
Design Constraint Coupling B
* Statement

(@ICTT System Sciences

o



Pre-populated

Populated by Configuration Process

Pattern Configuration Pathway

Feature

Feature FPK

Interaction

IPK Rule

_ _I Feature-Interaction Table
L

FPK

—
| Role-Phys Compon Table

Functional

IPK G \

. 7y \

U e \

/" Role Phys Comp | IPPK Rule

Role .
.

-9

]
1)
L)
.
.
1)
1}
[)
L}

= P o // e,
b : 'l' ',' Interaction-Role-Requirement TatiI67 Jr/ l]l—li \\
"_.é . Attribute ,,' e b ¢ [Erteraction | Role T Requirement | RsPkRule ] —* \\\ ' Design
S ' ’ opulated by * R iremen Y- \
' J; Pattern (AUT,‘:) "' g?al-::erenere]t ! | Interaction - Role Table H C'pmponent ry
[ A Lo \
1 A ] Interaction Role RPK Rule . " IPPK (]
. A [} L LY
A K . . . A
'|‘ ’:' ! Populated by ! RSPK ' 1 _ﬁ‘rfrl.gu'rel
K Populat’ed by / Pattern (Auto)s Attribute ' :
. - _ [}
Populated “ ser Pattern (Auto) ' Attribute h Attrib re : -: '
]r;r-c.)lfr:i Stake ({der‘ ',' ’,' : L-\_\g:()upling ' H s N : H
eedas ) ] N (] 'f' ACP [ ' F ! N ;
—}E————‘\——_""__'I____. o____K____’l___:. _____ :“_ _______ _"'____:l_____:'__
‘\* ': 'l' ," . ' P iipulnt\d .rb); { Populated by ¢
K ;) [} [] a e’vn uro N .
v T User or ]
0 ’ J [} ] — ; ’
' [ ' ' ’ ! Pattern (Auto)
{ / Populated by % Populated by ! | | 7 ‘ !
! ! Patiern (Auto) ' Pattern (Auto) ¢ 3 » / /
_ Bl : ' \ : Configured 3 ‘
Configured ) ,' H ‘ . Functional - :
[] ]
< ¢ ' )
S ' ' ' Role
= ] 1) .
5 ) ' : ! C_RPK a— — Configured
. [] , i i 1
5 ! i ! ; (Attribute )( Attribute) Design
g Valves :' Populated by ! ’_I: kY (Attribute )( Attribute Com Ognent
S ! Pa‘t‘Ter‘n (Auto) | H - ’ Reg'd Vals  Capability Vals | P PCPK
S : . PK Value Set | Configured ATtribute
] .
' by P?m:" : Requirement PK Value Set by Attribute
:- \\ |,— ' Statement Pattern (Auto)
' H RSPK —
* ,: Attribute ;
- dalies
A J

S*Pattern Configuration

V139 03-15-16

(_8 ICTT System Sciences”

Understand your systems.




1. Populate
Features from
Pattern

of * A * S FPK__ | Inferaction | IPKRule T | Role-Phys Compon Table
* ‘ \ ‘ /" Role Phys Comp | IPPK Rule

. !

; | - ,,

s /’1 Feature-Interaction Table Functional \ Functional
A.) Feature —= . \

", Interaction [ \ Role
IPK \

-Rol

Tnteraction Role

Requirement

RSPK Rule

Requirement

| Statement

Attribute

Attribute
Attriblte

V==
1 Interaction — Role Table
Lo

TInteraction Role RPK Rule

Coupling

’_E

Design
Component

Attribute
Attribute

[] [
\ \
o
o . Configured Configured
N Configured 9 g _
.« = t Functional Functional
o = < Feature . -
E H = S Interaction Role :
r o S IPK RPK Configured
> . = ’_I: ribute ribute Component
L , .
o - Reg'd Vals  Capability Vals PCPK
Ng. Popu!ated S Configured \
~ Features: :' Requirement |
L [] -
J 04 = . e
& " »
:' C : Attribute
5 . D Coupling
4 I
Populate? | Feature Namé
3 » ¥ S*Pattern Configuration
{YE SINO).‘ c o attern Configuratiol CTT
: - : V139 03-15-16 Understand your systerrs.
B . :
:' g :' (PK) Attribute
5 g o Name
N YES » Filter Application ‘: Service Commercial Cold
P “" ".,. __v’ Application  |Automotive Environment =
Tagn b r ‘" appmmun®
NO Mechanical - old Enviro A
T Commercial Automo
- Compatiblity Fea_ture Consumer Automoti
NO Cost of Operation - Fixed Base Engine Sy
9 Feature Harsh Environment
F - e F i i
YES Reliability Feature — High Thermal Enviro
10 -
NO East of Installation -
11 Feature
[Xla) ¥ AAAitiva Castura ¥ AAAi#tiun Tuma
4« » Stkhdr Config

1. Feature Population PN EIEE BEEE O GAENE interEet ...




2. Set Feature
Primary Key
Attribute Values

Pattern

Tnteraction

I
Interaction-Role-Requirement Table +”
oy

Role | Requirement

RSPK Rule

(R

Attribute

equirement
/| Statement

Attribute
Attriblte

A Fetwe | FPC_ [ Trteraction | TPKRuR ) | Role-Phys Compon Table
‘ \‘ ‘ /" Role Phys Comp | _IPPK Rule
| \ /
\ /
A Featie-nieacion Tatle Functional \ Functional /

Feature — 5 - =

Interaction | B \ Role

\

IPK

\ Attribute
\ Attributé

’_E

Design
Component

-
1 Interaction — Role Table
[

Tnteraction Role

RPK Rule

IPPK
Attribute
Attribute

| \
Configured Configured
t Functional 0 Functional — &
E H S Interaction | Role |
> E IPK RPK Configured
© route AATIToTe Component
No. Populated 8 Configured ‘ Regd Vals  Capability Vals
Features: . Rg? utireme{n ‘
04 ‘,~ atemen
Attribute
4 Coupling
\j
Populate? Feature Name
{YE SINO) S*Pattern Configuration cTT
“'- V139 03-15-16 Trderstand your systers
(PK) Attribute -
5 Name __..-..-.........‘.,__
6 “““‘ l.....
- - - ‘- - - =
YES Filter Application ,+** Senice Commercial Cold ‘e,
* . - - .
7 R Application  |Automotive Environment w| e,
r - r *
NO Mechanical .~ - old 0 ~ .
T ] i
8 Compatiblity Feature Commercial Automo .
NO r Cost of O " S r Consumer Automotn N
ost of Uperation ‘.. - Fixed Base Engine Sy ‘.’
9 Feature R Harsh Environment e
F . . i il *
YES Reliability Feature e, High Therma'_E_”.".ri’"
10 lll.................-----“-I‘ =
r .
NO East of Installation —
11 Feature
X7 ¥ AddAditiva Castira ¥ AAAitiun Tuna
“« Stkhdr Config

1. Feature Population IFNCEIEAEIIES Backup Feat Att Valu

L\
. -\t}:




3. Set other

=1l

T B WS M [ T ] T e Prys Compon Tabe _
. Interaction || b ¥ Role . [
eature Attributes o
- Attribute e |
£ —— ‘L \
% Tnveraction]| Rale | Reaurement | RSPCRule - ‘\ Design
Values £ [Requrement | | .. Component
| Statement T A T TP
RSPK__ Atmbumg)
Attribute Attributé
m Attribyfe
ST A i _i_____
“‘--lllll... ","'
b‘ 0
[ ]
%o Configured Configured
oW { Functional 0 Functional
4ot® s Interaction [ Role
" . 45 IPK RPK
. .® s (Attribute )(Attribute)
ost® & o Attribute ) Attribute
. < .
.“" N Configured \‘ Aeddlls - Copabiliy Vols
““' . Requirement (Attribute)
o** . Statement
o® B .
.s® o Attribute,
““‘ lo® Coupling CAttribute) alkes
(% o
o* *
os® »e® Of S*Pattern Configuration | _ /) —
“‘..-.... “‘I ------------.-llllllllllllllllllIllIIIlllllllllIllllllllllllll-ll....... V139 03-15-16 ) = sty e
’.‘ A e _C__..---" | J L ™ 9] 1z R SRR T Ty V B
K/ Feature Name “ PK Featu:q . «PK Feature Feature Attribute | Value of Feature Value of Feature Value of Feature Value of Feafute s, 4 Value of
e 2 A"I:Uimhe Attribute Value #1 Feature | Attribute #2 Feature Attribute #3 | Feature | Attribute #4 | Feature | Attribute #5 f—éaw;g
- ule® Attribute Attribute #2 Attribute Attribute A'l'tribute'u
A 3 # #3 #4 # |
% |Filter Application :".Senrice Commercial Sernvice Commercia Lubricant Type Lubricant Flow |65 Lubricant Filter Efficiency lo¥
"‘ o ppu’gation Automotive Application I Rate Pressure Class “"
. ‘.‘ "-... Automotive Range __,-"‘
-
Yengass®’ ...."l--.. .,.-""-‘
2 .""l------. - .......-----""
- o R . . "mw . N = e B .
Filter Application Service Cold Environment Service Colg""""" FATnA R pe e n e e s nu = plubpieat FlOR= 222" """ " Lubricant Filter Efficiency
Application Application Environme Rate Pressure Class
nt Range
Reliability Feature - Reliability
Environmentally Environment Oil Leakage Environmental Qil
Friendly Feature al Issue Issue Leakage
Health & Safety H&S Hazard Pressurized H&S Hazard Type Pressurize
Type Equipment d
Equipment
Health & Safety H&S Hazard Toxic or Reactive H&S Hazard Type Toxic or
Type Materials Reactive
Materials
1. Feature Population [eMEEIRNSAEITESN Backup Feat Att Values _ oo () 4
&*m




LN ]
on® "y,

4 A e nt PO u |ate S oo gpuEEE ;.% FPK__| Interaction K m“ F saEENy, ., ‘\‘ ‘ /1;;\:wn SFSYZT:):: Ta{b::( —
L] P nd 3 4‘ % \ ‘
* - - \ /
N he = X . | ) /
(] " Feature t - Featre-Interaction Table j Functional : ‘ \ Eunciena ;
Interactions from 3 - et ———— "
o 4 \
‘ol ’ APt A v, C_IPK “"
. Aftaisute . as® e \ Attribute
i R T e e \
e a e O p u a e I- % Attribute T o [ eqenen | Tk e | \\ Design
1 ‘ REGIUIEEN: [ Component
d Statement T T TS PR
0 SPK Attribute
. Attribute ATT:ib:Tc
Features and Rul :
- m Attribute
- Coupling
R
B U T S e L Y T T T S
H LR Fe S o T
: “t‘ 1, ! .““ﬁ .'0‘ [ ‘
EE % Configured " Configured
1 :‘ Configured . Functional - 0 Functional
st Feature | . Q
Sh o LInteraction o Role
5l Coy, Tra,, LK __)_L" Configured
3 AT TR Design
E|s 0 - ’_IE ° - Component
Sl® » . Canfiayred s M':C,*;K?
- Y 1 ‘alues -rw ure
A F s Q H Y A€
b '- L] -
. No. of
JPPPCTLLLLLELL L LT TN ‘--_____?.'...---.......___.. Unique Uniqae
1" Functional Interaction T, Interaction PK _,+%" Feature Featur& P, |Interaction =
. ',‘ ot *ol IPK Populdted
*
1 ~| = X - - ~ I8 X Interac?or - S*Pattern Configuration 1T
*2, |Fitter Lubricant of *+,, |[Filter Application Commercial Autggy TRUE 62 V139 031516 Understardyour 570
3 [BypassQuerpressure Lyhricant=* "“ " TEtlles Application Commencidl Butomd  TRUE N
4 [Prevent Transient Lubricant Backflow b Filter Application Commercial Automd TRUE .
*s Environmentally Friendly .
* [ ]
9 |Contain Lubricant * Feature Qil Leakage TRUE =
10 [Protect Injury’& liness Rate Health & Safety Pressurized Fquipn] TRUE N
11 [Protect Prevent Wccupant Injury [Health & Safety Pressurized Equipn] TRUE o
501 e, K
502 N +4°
503 .'-.. . _“‘v
504 -..""ll-.---.....----------Il"-‘-
505
506
507
508
509
510
511
312
513
514
515
516
517
H: S| 1. Feature Population 2. Feat Att Values Backup Feat Att Values Interaction Population 4




—
| Role-Phys Compon Table

v‘ — —
Fearwe | FE | Trrerecron |t g
rY /. Role Phys Comp | IPPK Rule
5 Agent Populates Roles :
. » /
» /
i Feature-Interaction Table n
f ) . Y
rom ropuiate SN ‘.
S . [}
/ » \
£ .4‘. , | ’_I:
n O . )
% N K 2ol TS ! '.. Design
S ; Populated by ! Requirement \-a Ci t
S Patten (Autp) | " pteraction - Role Table omponent
/ > Statement S Ho | o | . -
; K N 7 ' IPPK
; RSPK ' (Attribute)
; K Populated b :
\ Populafed by & : : :
Populated By Pattern (Auto) ¥ Attribute : :
from StakeRo I G Coupling . :
Needs K N ' : g " '
— ¥ _ e e — — s — — — L — M L
\ ! B Populdted by | H
] ! & 2% " " "Rojtesh (Auto) ! Populated by ¢
V rag >, J Useror ¢
o A ! Pattern (Auto)’
. » 4 K /;
) L - . . I'
Configureds ' R Comieuies ! /
9 - +— Functional -
'
g ! " Role L]
= ' . — i
: 4, | ¢ | R
q ‘o L .
3 Lalies Hpiated annn® : Comoonent
£ bute & Pditern (Auto) H P PCPK
L * ' i -
N} - g . PKb\;aEeﬁii:‘ ; RConflgured A
K K . turey | equirement PK Val#e Set by
> -~ > H Statement Patifirn (Auto),
A B C 0 o D : RSPK — L
= = = — - = H Attributas
Functional Role Role Primary Key Value Functional Interaction” Integéction Primary Key Value H Attributs) L
L4 *
: O
g o v [s*pattern configuration
N n atter onrigurariol ®
. R4 n . 9 (SICTT System Sciences
§ 3 " N V139 03-15-16 Urderstandyour s
1 h M . 7 - - o
T F " . ol N 4 » L]
Qil Filter System [Fitter Lubricant N o Q o
N Q o 0
2 : .0. : :
ost-Filtration Lubricant itter Lubricant o o ol .
& «
R Ld N Ld
2 : .' : :
. " - . . * L
re-Filtration Lubricant iter Lubricank ¢ . @
4 . ¢ o »
. » g
Separated Solid Contaminant itter LubricAnte . o
P N Q
L & g
5 .o K 2
ackflow Preventer itter Lubdla3nt Y g
6 N . N
Solid Contaminant Separator itter LaBricant o o
R4 &
‘---IIIIIII.... “‘--- lll....' .O .h
»* [Filter Media . » iter Lubricant % o o
Be 4 . 0 .
Fa A b T8 as® o R4
- e
ilter Media Lower Bon itter Lubricant ‘.‘ o
. *
. “ “0
9 . Yo, P o
- ¥ - - =
ilter Media Lower Cmntammenﬁ,. Tra,, ilter Lubricant __..-'------ ““
L] .u
10 ..'.n. ......I...............--lll...-----.--- -“-‘
» .
iter Media Upper Bond ""-.-.. iter Lubricant -----"
Ly an®
» ll'l.......... -----.--ll
SEmEEmEmEmmEn®
ilter Media Upper Containment iter Lubricant
12
Vledia Support and Flow Through itter Lubricant
PP g
3. Regs Att Values | Auto Pop'd Role Att Vals | Ta ... 4

121
<> . |OEEEHORPEREEN| Popd Roles, Atts



5. Agent Populates
Requirements from
combination of Populated
Interactions + Populated

Roles, and Rules

Pattern

=

Feature

Feature. Tnteraction | _TPK Rule

Attribute
Attribute

Attribute

—
i Role-Phys Compon Table

[ /

Functional /

\
- \
‘ “ .‘
- i .
| Feature-nteraction Table Functional .
Interaction [ J o
. IPK o
o *
o* R AR O
. ol
* Preracion ]| Role Rzmam RSPK Rule
o -
o *
* Pad
R w +
"‘ ‘:p-------------
* +*
°* . 4®
& * - .
o* o Attribute “

/

Rale | Phys Comp |_TPPKRuk

Attributé,

\-
| Interaction - Role Table

Tnteraction | Role RPK Rule

Coupllng

Design
Component

IPP|
Attribute
Attribute

*
}‘ n n
RS Copfiyured Conflgured Conflgured
S t Functional Functional
< Featu A !
0 2 - Interaction Role
R § ot T Configured
. o
R o . é Design
R o £ Component
K S PCPK
RS
o .
R o .
" “ “ 4 .
* * o ‘Attribute
S . . ;
. Counlina
"
4 ._E---------a-----.. I‘“ J K L M
F L] PY LA Ig&ractlon Functional BSIe » JHgte PK RaqID Req PK Value Requiremant Functional Failure [Reverse | Bequirement Configuration
. *PK Value e Requirement) Rationale
] ““ “.--I-..‘t “‘--l.... M. ‘-‘--nl'llI-lllllllll..l.... . q e |CTU1;MWMVmwum
Filter : .’ Filter Lubricant “ .’ il Filver Sustemn " OF-52 o ﬂﬂe Oil Fileer shall accommadate a Lubricant flow rate of The ﬂibFJ'Itel <<FAILSTO>>
Applicggion[Commerci Il n L] u .‘ [Lubricant Flaw Fate] under the conditions of the Filtering [ accommadate a Lubricant flaw rate
ﬁ\utomoﬁ@] Preliability’ . N % ” . *, |Table. of [Lubrlqant Flow Rate] under the
2 |Featurell Yo, . K ** h cgrgdhidhs of the Filering Table.,
Filter TTaa, ﬂtﬁrﬂ.lhlw! = O “'_ pt® OF-50 For aFiEtam Wubgmant Eream of [Lubnc:ant VipgoEiwe = ® ="
Application[Commercial R T Ty e T L L Range] and [Lubricant rezsiire ange the Ol Filter shall
Automotive], Reliability separate Filtered Contaminant particles from the Lubricant
Feature(] autput stream, according to the [Filter Particle Size
3 Diistribution Prafile].
Filter Filter Lubricant il Filter Sustem OF-51 The Ol Filker shall operate at lubricant pressure of [Max
Application[Commercial Lubricant Prezsure] with structural Failure rates less than
Automotive], Reliabiliey [Max Structural F ailure Rate] over an in-service life of [Min
4 | Feature(] Service Life].
Filter Filter Lubricant il Filker System FL_1 For an Input Ol Stream, the il Filker shall separate particles [Far an Input Oil Stream, the il Filter
Application[Commercial from the Output il Stream, according ta the Filtration <<FAILS TO> > separate particles
Automotive], Reliability Table. Fram the Cutput Oil Stream,
5 |Feature(] according to the Filtration Table.
Filter Filter Lubricant il Filker System FL_2 The Gil Filker shall aperate at the lubricant pressure, The Cil Filter < <FAILS TO> > operate
Application[Commercial structural Failure rates, and in-service life listed in the at the lubricant preszure, structural
Automotive], Reliability Filtration Table. failure rates, and in-service life listed
5 |Feature(] in the Filtration Table.
Filter Filver Lubricant Backflow Preventer a During lubricant flow athier than transients in lubricant During lubricant flaw other than
Application[Commercial pressure during shutdawn or start up, the system shall transients in lubricant pressure
Automotive], Reliabilitg permit farw ard lubricant flow as showninthe Pressure Drop - | during shutdown or start up, the
Feature(] Budget Table. system {{FAILS TO> > permit Forward
lubricant flow as shownin the
T Pressure Drop Budget Table.
Filter Filter Lubricant Sialid Cantaminant FL_11 For an Input 0il Stream, the Salid Contaminant Separatar For an Input Oil Stream, the Solid
Applization[Cammersial Separator shall separate particles from the Output Oil Stream, Contaminant Separator < <FAILS
Automotive], Reliability accaording to the Filtration Table. T > separate particles from the
Feature] Output il Stream, according to the
=] Filtration Table.
Filter Filter Lubricant Sialid Cantaminant FL_z21 The Solid Contaminant Separator shall operate at the The Salid Contaminant Separator
Application[Commercial Separator lubricant pressure, structural failure rates, and in-service life | <<FAILS TO> > operate at the
Automotive], Reliability listed in the Filtration Table. Iubricant pressure, structural Failure
Feature(] rates, and in-service life listed in the
3 Filtration Table.

<> EESRESRENE Fod Roles At

3. Regs Att Values

Auto Pop'd Role Att Vals

Ta ...

4




[[Fearee |77 TR [ T |
6. Agent lat =—— e,
. Agent populates e | | A
. TPK ‘\\ ey i paifise ",
Design Components ! A2 B 7 |
) E Requirea&’nt Col?neﬂgn :
ponent .
| Statement R = ;) K
RPK oy Attribute Y
based on Populated e FE .
-
Lo" TAcK »
JEER S N A P . M S e
Roles, and Rules
* PS4
K . g .
i - A » o - '
: Configured PR A g [ Configured < POy bl T8
< Functional rvTa ~+— Functional rein R
§ H Interaction [~ o ¢ *YaaRglas® o 3
£ i TPk .}‘ RPK. & Configured %
g 5\ “f Design N
& ’ %y — -
S e ‘Configured ‘ feails Cpatiineial ,““
Requirement | =1
Statement
RSPK.
L. Attribute
Attribute
A B C ‘o"‘ S*Pattern Configuration ot
Design Component DC Primary Key Functional Role o* o vis9 031516 T |
Value ““ Valug.' Instances DCPK-Role-RPK AL
R K Instances
“’ o 7
‘t *
“‘ O’
o 0’
1 b4 - "t‘ - .O - b4 - - g
2 Assembled Filter i [Exterior Cunfginment Subsystem ," [Gil Filter System i FALSE [ TRUE
3 [Assembled Filter il Filgef System & Oil Filter System TRUE TRUE
4 [Base Plate Bade-Shell Attachment and Seal o] Oil Filter System TRUE TRUE
5 'Base Plate “" Exterior Base Containment o Oil Filter System FALSE TRUE
6 'Bonded Media Assy ‘o" Solid Contaminant Separator o Oil Filter System TRUE TRUE
7 Central Perforated Tube o** edia Support and Flow Through :’ Oil Filter System TRUE TRUE
& 'End Cap, Lower o itter Media Lower Containment o Oil Filter System TRUE TRUE
9 Exterior Case + xterior Shell Containment o Oil Filter System TRUE TRUE
10 [installation Sealing Ring Gasket ““ nstallation Interface Gasketing Oil Filter System TRUE TRUE
11 Lowe[ Boueding Gangpaund o+ Fllter Madia Loweg Bond Oil Filter System TRUE TRUE
12"15Ieated Filter Media 3 ¢*" [Filter Media Tt Oil Filter System TRUE TRUE
¥ \d Lj \d
13 TSUppeR S e swanan=n®"" E SUPPUtannnn=®®® Qil Filter System TRUE TRUE
14 TJpper Bonding Component ilter Media Upper Bond Oil Filter System TRUE TRUE
15 TJpper End Cap. With Valve ilter Media Upper Containment Oil Filter System TRUE TRUE
16 TJpper End Cap. With Valve Overpressure Bypass Path Oil Filter System FALSE TRUE
30 [Base Plate ase-Shell Attachment and Seal Qil Filter System TRUE TRUE
31 [Base Plate sterior Base Containment Qil Filter System FALSE TRUE
32 [Exterior Case sterior Shell Containment Qil Filter System TRUE TRUE
33 [Installation Sealing Ring Gasket nstallation Interface Gasketing Qil Filter System TRUE TRUE
34 'Suppurt Spring pper Support Qil Filter System TRUE TRUE
500
501
502
4 » Table of Tables Table Guide Requirement Attribute Tables Popd Compons, Roles NEiH ™) 4




6. Agent populates Role
Attribute (value slots), based on
Populated Roles

a B = o

Feature

Fattern

7| Featreneracton Table Functional

Attribute

Attribute

Interaction

LY ~tay
‘ ‘. Functional |*
v o

‘Kequllelllelll
{ Statement

LT Crvem

Design
Component]

IPP
Attribute

|—( Attribute)

. "
Configured : Conflqueﬂ

L Y
Configured
Functional

+, Role
W WPR S

Reqd Vals  Capability Vals ¥

Logical Component RPK | RSPK Role Attribute _'g‘ Feature ‘ E;'.S,a'mﬂ,ﬂ =
Role g Attribute T
1 ¥ ‘
Enterior Containment i #MIA “"‘ 3 Confouied H
2 | Subsystem “‘
3| Ol Filker Sustem oot THNIA
5 | Thermal Energy Distributor Lot HMIA
136 | Thermal Energy Distributor Lot M4
267 | Thermal Energu Distributor Joe®” _HMLA
397 Backflow Preventer o et HMIA TN o
395 | Sotid CohfImimant Separatod® R HMIA KR Ei-:-nu:led Medla .ﬁ.ssy
38‘3' Filter Media ‘e, A*° {Filter Efficiency at 50 Microns o) 2 Pleated Filter Media
*400| Filker Media R ,* |Filter Efficiency at G0 Microns 1s Pleated Filter Media
401 | Filker Mediz ‘s ~ |Filter Efficiency at 40 Micronz [ % Pleated Filter Mediza
402 | Filker Media % - Filter Efficiency at 30 Microns H Pleated Filter Media
4035| Filker Media . M Filter Efficiency at 20 Microns H Fleated Filter Media
404 | Filker Media - = Filter Efficiency at 15 Microns H Pleated Filter Media
405| Filker Media = » |Filter Efficiency at 10 Microns N Pleated Filter Media
40| Filker Mediz 5 ¢ [Filter Impuirity Starage Capacit [« Plezted Filter Media
407 | Filker Mediz . s | Mimimum Failure Pressure R Pleated Filter Media
405 | Filker Media K [Surface Area o Pleated Filter Media
403| Filter Media o Eiéba Fatic e Pleated Filker Media
’410 Filter Media Lawer Baﬁd e, HNIA et Lawer Bounding Compound
'Fﬂter Mediz Lm-;er‘ H#MIA Erd Cap,Lower
411 | CortSifment
41z [Filter Media Upper Band H#MIA Upper Bonding Component
413 | Overpressure Bupass Path HMIA Upper End Cap, 'With Walve
Filter Media Upper H#MIA Upper End Cap, 'With Walve
414 | Containment
Media Suppart and Flow HMIA Central Perforated Tube
415 | Through
46 | Overpressure Bupass Path HMIA Upper End Cap, 'With Walve
Filter Media Upper HMIA Upper End Cap, 'With Walve
417 | Containment
Exteriar Containment Fidi 1 BAzzembled Filter
415 | Subsystem
413 | Qil Filter Sustem H#MIA Bzzembled Filter
427 | Thermal Energy Distributor HMIA
E5Z| Thermal Energy Distributor HMIA
601
ROZ

4 » -..| Requirement Attribute Tables

om0 1|

Phys Allocs

Configured
Design

S*Pattern Configuration

V139 03-15-16

ICTT

I:I|I Fllter System
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Configuration of Pattern:
Mapped onto SE Workbook Tabs

Workbook Tab Names

. Logical Physical
Features W Interactions Sys%rems W SysTems
Feature Log Sys Phys Comp
Attributes Attributes Aftributes
/_/;\ [
~
)\
\4 ( Yy v w 3
Features- Interactions- Interactions- Noci
Interactions Roles Roles-Reqs Role-Design
~
~
S*Pgttern [Tables T
S*Cqgnfigufed Model Tables
A \ 4
Feature 4 w (_J
Population
Popd Dsn
¥ Comps, Roles
Feature J
Attribute Vals ]
j_\
\ 4 j\ Y A
Populated 4
Interactions Popd Role Atts
v
Populated
Roles _
J

S

Populated
Regs, Atts.

Pattern

Configuration
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] Feare Inieraction Table

Functional

Functional

Attribute

Interaction ||
IPK

Role [
P

RSPK
Attfrigute
Attfribyte

Design
Component

Attribute
Attribute

Values

Configured
{ Functional
Interaction

B G5

Configured

?

Functional
Role
RPK

[
n Regd Vals  Capability Vals
Configured | ‘ R b
Requirement |
Statement

RSPK

Configured
Design
Component
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S*Pattern Configuration
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Failure Modes and Effects Analysis (FMEA),
generated from the same MBSE Pattern




FMEA Generation, Using S*Pattern

FMEA Section of S*Metamodel

=
Interaction — Role Table |
)

Tnteraction | Role RPK Rule

——
Feature-Interaction Table |
T

Feature FPK__| Interaction | IPKRule

|
Interaction-Role-Requirement Table |
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\ [ - [ e Phys Comp | _TPPK Rule
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\

Feature Interaction
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-1
Feature Impact Table _k_
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FMEA Generation,
Using S*Pattern

Configuration

Abnormal Behavior

Normal Behavior

Impact

)
Detectabilify
;

,
,
o,
’

Coaveriy) (Detectability)

(Abnormal sTuTgs)_ .o

]

Failure
Mode

(_Probability )

\ Py
Requirement
\ Sfatement

.

1
Deg#éctakilit 1 RSPK
" Aftribute

(Functional
failures)

Physical Camponent | _Failure Mode.

5\ (Artribute)

-
,/ Failure Impact Table =

’
S [Coumerreq
.
’
’
'
—

Impact

—
_- Failure Modes Table

Physical
Component

Attribute
Attribute
Attribute

,"Configured

Configured

3

| Configured |

Interaction

IPK

I

Configyred
Requirément
Statgment

System

 Component |
1,-*"Role

Configured
Physical

Component

Configured
Failure Impact

Semi- Configured
Counter Requirement
Statement

System
Role

Severity

RSPK

, "Conﬁgur‘ed

May include counter requirements that don't apply to this design
configuration's failure modes (filtered out later below).

$

K

Configured

System
Role
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Component
Role

Canf igured
Physical
Component

Configured
Failure Mode

RPK_ )

(@IS

\PCPK_ )
D

(Probability)

May include failure modes that don';’\impacf allocated
requirements of this configuration (filtered out later below).

Configured Failure (FMECA Row or Fault Tree Node)

-

Configured
Component
Role

Configured
System
Role

Configured Counter
Requirement
Statement

Configured
Failure
Impact

Configured
Physical
Component

Configured
Failure
Mode

{

RPK

(RSPK )

(severity )

PCPK_ )

Probability)

Filter: Failure Mode-
Counter Requirement-
Component Role Tuplet

Validity

(Filters out invalid Failure Mode-
Counter Requirement-Component Role

combinations)
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System Failure Analysis Model
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FMEA Generation, mapped
onto workbook tab names

) Logical Physical
Features T Interactions Sy s%r oms W Systems 4]
Feature Log Sys Phys'Comp
Attributes Attributes Attributes
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Features- Interactions- Interactions- Npci
Interactions Roles Roles-Reqs Role-Design
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Feature Failure Failure Mode Failure
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S*Cgnfigufed Model Tables
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Feature 4 1 (—/
Population
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¥ ‘ Y vy ‘
Populated Configured —_—
Regs, Atts. FMEA
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Ref Workbook Pattern 7.0.x
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Failure Modes of Design Components

1
2 Pleated Filter Media Filter Media Rupture Filter Lubricant
3 Installation Sealing Ring Gasket Rubber Gasket Failure

4 Lower Bounding Compound Bond Seal Failure

5 Upper Bonding Component Bond Seal Failure

6 Anti Drainback Valve Backflow Seal Rupture Filter Lubricant
7 Upper End Cap, With Valve Low Pressure Open

8 Pleated Filter Media Filter Media Particle Profile Fail

g Upper End Cap, With Valve Overpressure Failed Closed

10

« '+ .| Featuredimpacts | Failre mpacts | | Fallure Mode Behaviors _Failure Modes || Configured il . ()

Qa’ ICTT System Sciences
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ailure Mode Behaviors (Counter-Requirements)

A 1| C D || F G H | J || yid AA AB
Counter Requirement Requirement Failure Mode Logical System Logical IPPK | Approval | Counter Req sw.3 - £Ta
D Role Component | Value Status Row # s2 == 55 = g55
Role 2sd e 38 3gE
@ Qs @ z EDE
5E HEIEN
" = =
1 | -] B B [~ | £ £
For an Input Qil Stream, the il Filter =<FAILS TO== separate particles from the Output Oil FL_1 Filter Media Rupture il Filter System | Filter Media 41
2 |Stream, according to the Filtration Table.
The Solid Contaminant Separator ==FAILS TO== operate atthe lubricant pressure, FL_21 Rubber Gasket Failure il Filter System | Installation 44
structural failure rates, and in-senvice life listed in the Filtration Table. Interface
3 Gasketing
The Qil Filter ==FAILS TO== operate atthe lubricant pressure, structural failure rates, and FL_2 Bond Seal Failure Qil Filter System | Filter Media 42 1
4 |in-service life listad in the Filtration Table. Upper Bond
During lubricant flow other than transients in lubricant pressure during shutdown or start 0 Bond Seal Failure Oil Filter System | Filter Media 21
up, the system ==FAILS TO== permit forward lubricant flow as shown in the Pressure Lower Bond
5 |Drop Budget Table.
During lubricant flow stoppage transient following shutdown, the system ==FAILS TO== 0 Backilow Seal Rupture il Filter System Backflow 59
6 |prevent backflow of lubricantinto the Lubricated System. Preventer
‘When the hydraulic pressure drop across the Oil Filter is less than the Bypass Threshold 0 Low Pressure Open il Filter System |Overpressure i]
in the Filtration Table, the Qil Filter ==FAILS TO== restrict flow to through the Filtration Bypass Path
7 |Media, accomplishing filtration.
For an Input Qil Stream, the il Filter =<FAILS TO== separate particles from the Output Oil FL_1 Filter Media Particle Profile Fail | Qil Filter System | Filter Media 41
8 |Stream, according to the Filtration Table.
‘When the hydraulic pressure drop across Qil Filter exceeds the Bypass Threshold in the 0 Overpressure Failed Closed Qil Filter System |Overpressure 8
Filtration Table, the Qil Filter =<FAILS TO== activate an internal flow path bypassing the Bypass Path
9 |Filtration Media and filtration function.
When operating within its rated lubricant pressure and temperature, at altitudes not OF-104 Rubber Gasket Failure Oil Filter System Exterior 58 1
exceeding [Max Service Altitude], the system ==FAILS TO== maintain Fluid Leakage to the Containment
10 | surrounding space below [Max Fluid Leakage Rate]. Subsystem
11 #NIA
12 #MIA
13 #MIA
14 - #NIA
15 F#NIA
e Fm

el lmpacts|Falure Mode Behaviors | Failre:Modes) | Confgured fai . ()

O\ ICTT System Sciences
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Negative Effects of Feature Loss

A B I D
Feature Feature Impact Approval
Status
Filter Application Shortened Equipment Life
Reliability Feature Premature Filter Replacement Cost and Downtime
Health & Safety Injury to Personnel from Overpressure Event
Environmentally Friendly Feature Injury to Environment from Spills and Leakage

kag:awmﬂmmhwr\:—n

b .. _Feature Impacts | Fallrelmpacts) | Fallre Mode Behavors | Falre Modes | [[Configursdfall . ()
(%ICTT System Sciences
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Negative Effects of Counter-Requirements

S

[ B L D E (|
Counter Requirement Feature Impact Impacted Feature Logical Role Status
{Functional Failure)

1 [~ | = = B R
When the hydraulic pressure drop acrass the il Shaortened Equipment Life ilter Application erpressure Bypass
Filter is less than the Bypass Threshold in the Path
Filtration Table, the Qil Filter ==FAILS TO== restrict
flow to through the Filtration Media, accomplishing

3 [filtration.

For an Qil Filter in the Installed state, the Installation nstallation Interface
Interface Gasketing ==FAILS TO== conform to the Gasketing

adjacent joined surfaces, not providing a Local

Surface Pressure inthe range shown in the Seals

4 |Table.

During lubricant flow other than transients in Shortened Equipment Life ilter Application ackflow Preventer
lubricant pressure during shutdown or start up, the
system ==FAILS TO== permit forward lubricant flow

5 |as shown inthe Pressure Drop Budget Table.

The bonding material ==FAILS TO== fully cover and [Shortened Equipment Life ilter Application ilter Media Lower
conform to the two compaonent surfaces, and bond Bond

f |them mechanically under operating pressure.

The banding material ==FAILS TO== prevent flow of |Shortened Equipment Life ilter Application ilter Media Lower
pressurized lubricant between the bonded Bond

7 |components. -

The Filter Media Lower Containment <<FAILS TO== |Shortened Equipment Life ilter Application ilter Media Lower
be impervious to flow of lubricant through it, at Containment

8 |pressure.

The Filter Media Lower Containment =<FAILS TO== | Shortened Equipment Life ilter Application ilter Media Lower
uniformly bond to the Filter Media Lower Bond, at Containment

g |pressure.

The system ==<FAILS TO== unifarmly bond to the Shaortened Equipment Life ilter Application ilter Media Upper

10 |Filter Media Upper Containment, at pressure Bond

The Filter Media Upper Containment <<FAILS TO== | Shortened Equipment Life ilter Application ilter Media Upper

be impervious to flow of lubricant through it, at

Containment

11 pressure.
I( Tha cuctam Eall © Tiy ratain ite nanmatrie dadia Sunmnrt and
i Failure Impacts_ Failure Mode Behaviors Failure Modes | Configured
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Generated Failure Analysis (FM

4 A B [ D E F G H | J K I
Filter: TRUE only if Failure H
Mode - Counter Req Pair
Appear in Failure Mode
Behaviors Thbl
Dl Fitter L1 or an Input Oil Stream, the Cil ilter Media Rupture Pleated Filter Filter Media Shortened Equipment Life Filter Lubricant TRUE
System Filter <<FAILS TO>> separate Media
particles from the Output Oil
Stream, according to the
27 | Filtration Table.
Qil Filter L1 or an Input Oil Stream, the Cil ilter Media Particle Pleated Filter Filter Media Shortened Equipment Life 1] TRUE
System Filter <<FAILS TO=>> separate Profile Fail Media
particles from the Output Oil
Stream, according to the
30 Filtration Table.
Oil Filter L2 e Oil Filter <<FAILS TO>> nd Seal Failure Upper Bonding Filter Media Upper Premature Filter 0 TRUE
System operate at the lubricant pressure, Component Bond Replacement Cost and
structural failure rates, and in- Downtime
senvice life listed in the Filtration
ar Table

C@ ICTT System Sciences
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Implications for discussion

Model-Based Systems Engineering (MBSE) S*Metamodel provides:

- an information framework organizing and integrating all requirements
and design information--combining partner and other source models;

- Integrates across Product Application, Manufacturing, and other
Domain Systems -- facilitates finding where the “holes” are;

- Explicates decision-making criteria in Stakeholder Feature trade-off
configuration space;

- Unifies mathematical and prose requirements, design constraints.
Pattern-Based Systems Engineering (PBSE):

- Applies and extends the MBSE metamodel to describe reusable,
configurable, S*Patterns of requirements and designs;

- These can represent product platforms with configurable options;

- They can also represent consistent Market Portfolios, Technology
Portfolios, and Product Portfolios, all of which are dynamically
changing;

- PBSE is inherently enabled by starting to perform MBSE.

(_@ICTT System Sciences
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For additional information

ICTT System Sciences
378 South Airport Street
Terre Haute, IN 47803
812-232-2062
schindel@ictt.com
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Understand your systems.
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