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» Abstract: The theory of Systems Engineering says we start at the top with customer needs,
define requirements for the top level system in our product hierarchy, then decompose those
requirements into the subsystem requirements at the next level down in the hierarchy- or
does it? Some believe architecture work can begin once the requirements work is completed
at any given level, but is that the only time that the tools and methods for architecture are
useful? Have you ever been on a program where the practice of Systems Engineering aligns
with the theory of Systems Engineering 100 percent? How do you cope with the deviations
from the theory? What happens when the original requirement at the top is not an appropriate
one that people should start with? This presentation will have a brief overview of systems
engineering and then walk through an example of a top level requirement handed down from
a customer to a program. We will use functional analysis to improve the requirement and
answer the preceding questions.
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Meet our customers’
needs by applying
Systems Engineering
to deliver high
guality solutions
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“Interdisciplinary approach governing the total technical and
managerial effort required to transform a set of stakeholder needs,
expectations, and constraints into a solution and to support that
solution throughout its life” (ISO/IEC/IEEE 15288:2015)

 Needs *

« Expectations
 Constraints

» Solution System
e Support System

Systems
Engineering

« SE is not an organization or a tool

* Applied across programs rigorously

 Analogy: Technical "glue" that makes separate design disciplines
and subsystems function together to provide an integrated
system that performs a specific mission
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* A set of interacting or interdependent
components forming an integrated whole

e Characteristics of Systems

— Structure: Parts (or components) that are
directly or indirectly related to each other

— Behavior: Processes that fulfill its function or
purpose

— Relationships: Parts and processes are
connected by structural and/or behavioral
relationships Ny O




Technical Aspect
of the
Project Cycle

Understand User
Requirements, Develop
System Concept and
Validation Plan

Demonstrate and
Validate System
to User Validation Plan

Develop System
Specification and System
Verification Plan

Integrate System and Perform
System Verification
to Performance Specifications

Core of the “Vee”
Plans, Specifications, and

Requirements Are Under
Progressive Configuration
Management

Assemble Cls and
Perform Cl Verification to
ClI “Design-to”
Specifications

Expand Specifications into
Cl “Design-to”

Specifications and

Cl Verification Plan

Evolve “Design-to”

Specifications into
“Build-to” Documentation

and Verification Procedures

Decomposition
and Definition

Inspect to“Build-to™
Documentation

Integration
and Verification

Fab and Assemble “Code-to”
and “Build-to” Documentation

Forsberg and Mooz, 1998




 |Is Systems Engineering a set of linear processes that
are implemented once?

Technical Processes Technical Agreement Organizational
Management Processes Project-Enabling
Processes Processes
Business or mission Integration Project planning Acquisition Live cycle model
analysis process process process process management
process
Stakeholder needs Verification Project Supply Infrastructure
& requirements process assessment and process management
definition process control process process
System Transition Decision Portfolio
requirements process management management
definition process process process
Architecture Validation Risk Human resource
definition process process management management
process process
Design definition Operation Configuration Quiality
process process management management
process process
System analysis Maintenance Information Knowledge
process process management management
process process
Implementation Disposal Measurement
process processes process
Quality
assurance
process

Figure 1.1 System life cycle processes per ISO/IEC/IEEE 15288. This figure is excerpted from ISO/IEC/IEEE 15288:2015,

Figure 4 on page 17.
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In theory, there is no difference between
theory and practice. In practice, there is.
- Yogi Berra




Top down SE process says requirements should start at the top
level system and be decomposed to lower level systems.

Requirements are supposed to be clear and singular and have
shall for US contracts

 But...

You get this requirement in your specification:

req [Package] Requirements [ Customer Requirements |

«requirement»
Monitor and Maintain Engine

Id — "1"
Text = "The vehicle should apply engine health monitoring and
Engine System Integrity Program (ENSIP) for engine maintenance.”
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 What is this requirement about?

 What is wrong with the requirement?

req [Package] Requirements [ Customer Requirements ])

«requirement»
Monitor and Maintain Engine

Id — "1"
Text = "The vehicle should apply engine health monitoring and Engine
System Integrity Program (ENSIP) for engine maintenance.”

* Let’s do some analysis of this...
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req [Package] Requirements [ Business Requirements ])

«requirement»
Monitor and Maintain Engine «comment»
Id ="1" Engine health needs to be "monitored” -Why?
Text.= _The vehicle .should apply engllne health The purpose is for maintenance, therefore
monitoring and Engine System Integrity maintenance has a role w hich implies an
Program (ENSIP) for engine maintenance." interface to Logistics.
M

| | «businessRequirement»

ENSIP definition .
[ «rationale» =
 caerveReqt jId = 2" — | An ENSIP has to be “applied”,
Text = "ACME shall define the Engine w hich means ACME has to
| System Integrity Program to define AND define the program.

| [what needs to be measured, how often]."

«businessRequirement»

| .
, ENSIP Implementation
«deriveReqt» P Does A CME need to provide

— Jld="3" |evidence of the program to
Text = "ACME shall implement the Engine SDH‘IEGQE? How often and in w hat
System Integrity Program.” Enle

«problem»

Martin"Corporation. All'rights reserved.




fact [Activity] Behaviors [ Behaviors ]) )
req [Package] Requirements [ [ Customer Requirements 1 ])
«reguirement»
Monitor and Maintain Engine
Id - Il1ll
Text ="The vehicle should apply engine health monitoring and Engine System Integrity Program (ENSIP) for engine maintenance."
L] s
«comment»
The vehicle should have a requirement and function about monitoring the engine.
wallocate»
Vehicle
o
. \
l :Monitor
Engine
What should happen next?
o _,‘
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(‘act [Activity] Behaviors1[ Behaviors1] J )
req [Package] Requirements [ i Customer Requirements1 ])
«requirement»
Monitor and Maintain Engine
Id = I|1IF
Text = "The vehicle should apply engine health monitoring and Engine System Integrity Program (ENSIP) for engine maintenance.”
-
~
«comment»
What should happened after Monitor Engine?
If the purpose is for maintenance, then data has to be stored and provided to maintenance.
«allocate»
Vehicle
- :Collect
Monitor Engine
Status
:Report
, . Engine
| Engine Data Status
Data
Status Data
. /

Martin"Corporation. All'rights reserved.




(‘act [Activity] Behaviors1[ Behaviors1] J )
req [Package] Requirements [ i Customer Requirements1 ])
«requirement»
Monitor and Maintain Engine
Id = I|1IF
Text = "The vehicle should apply engine health monitoring and Engine System Integrity Program (ENSIP) for engine maintenance.”
-
~
«comment»
What should happened after Monitor Engine?
If the purpose is for maintenance, then data has to be stored and provided to maintenance.
«allocate»
Vehicle
- :Collect
Monitor Engine Now what?
Status
:Report
, . Engine
| Engine Data Status
Data
Status Data
. /
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(“act [Activity] Behaviors2[ Behaviors2 ] J h
req [Package] Requirements [ ‘= Customer Requirements ])
«requirement»
Monitor and Maintain Engine
Id = '|I1|I
Text = "The vehicle should apply engine health monitoring and Engine System Integrity Program (ENSIP) for engine maintenance."
e
«commenfs
The purpose is maintenance, so w hat does Logistics have to do?
First, they have to get the data.

«allocate» «allocate»

Vehicle Logistics
: Receive
Engine

Status Data
3 : Collect
Monitor Engine
Engine Status
Sy :Report
. Engine
Engine Data Status
: Engine Data —
Status Data : Engine
Status
Data
- J

Martin"Corporation. All'rights reserved.




(‘act [Activity] Behaviors3[ Behaviors3 ] J

req [Package] Requirements [ &= Customer Requirements1 ])

«requirement»
Monitor and Maintain Engine

Id = ll1ll

Text = "The vehicle should apply engine health monitoring and Engine System Integrity Program (ENSIP) for engine maintenance."

First, they have to get the data.

«comment»
The purpose is maintenance, so w hat does Logistics have to do?

r

e

Then, they may have to perform maintenance, but how do they know that?

: Engine
Status Data

«allocate» «allocate»
Vehicle Logistics
. énStgre : Receive ( :Analyze : Determine
Y gine Engine Engine Corrective
Status g 9 -
N\ Data Status Data Status Data Action
- : Collect ) o h '/Engine
Monitor Engine : Engine \ !
U Analysis
Engine Status tatus Data Res ults
S :Report
Engine
Status
Data

: Engine
Status
Data
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(‘act [Activity] Behaviors4[ Behaviors4 ] J

req [Package] Requirements [ i Customer Requirements1 ])

«requirement»

Monitor and Maintain Engine

Id = l|1IF

-

Text = "The vehicle should apply engine health monitoring and Engine System Integrity Program (ENSIP) for engine maintenance.”

-
—
«comment»—
The purpose is maintenance, so w hat does Logistics have to do?

How does the maintainer know he has to do something?
How does he know w hat to do or w hen?

«allocate» «allocate» «allocate»
Vehicle Logistics Maintainer
. "~ :Receive ) [ :Analyze ) :Determine " :Perform
- Engine Engine Corrective Corrective
W Status Data Status Data Action Action
- - Collect - 4 g -
. 2 . . : Engine Maintenance]
Monitor Engine - Engine Analgsis Lﬁ Order
Engine Status tatus Data Results
h ol :Report
Engine
Status
: Engine Data :
: Engine
Status Data Status
Data
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(“act [Activity] Behaviors5[ Behaviors5 ] J h

req [Package] Requirements [ % Customer Requirements 1 ]J

«requirement»
Monitor and Maintain Engine

Id - ll1ll
Text = "The vehicle should apply engine health monitoring and Engine System Integrity Program (ENSIP) for engine maintenance."

-~
-~

«comments
What does the maintainer have to do after finishing the job?
Does he have to tell anyone?
Does the customer w ant a record of w hat has been done to the vehicle and w hy it w as done?

wallocate» wallocate» «allocate»
Vehicle Logistics Maintainer
d p . p .
. En e :Receive ( : Analyze ( :Determine | :Perform |
— gine . m A .
Status Engine Engine Corrective ‘ Corrective ‘
\/ Status Data Status Data Action . Action |
I N ™\ A g N\ y ™~ =
g : Collect - Engi - Engine Maintendnce ! Corrective
Menitor Engine - tngine Analysis Ordef Action
Engine Status — tatus Data Results Results
Data "4 ™,
:Report
T - Corrective Action
Status P
- Engine Data _ [ :Store
Status Data - Engine Corrective
Status Action
Data .
' : Store b
Corrective i]e%
Q‘)é 1 Action Results |
Moy _
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act [Activity] System Functions [ System Functions ] J

req [Package] Requirements [ & Customer Requirements 1 ]J

areqguirements

Monitor and Maintain Engine

Id - Il1||'

Text = "The vehicle should apply engine health monitering and Engine System Integrity Program (EMNSIP) for engine maintenance "

Martin"Corporation. All'rights reserved.

e - «alloc ates
System
The overall goal here w as to y
maintain the engine. P —
The System function that is the | : Maintain '
parent to this flow is “Maintain ‘ Engine ‘
Engine. - J
act [Activity] Maintain Engine [ *& Maintain Engine ]J
aadlloc atex walloc ates aalloc ates
Vehicle Logistics Maintainer
. Er?;?nr: " :Receive | [ :Analyze ) [ :Determine " :Perform |
T Status Engine Engine Corrective ‘ Corrective
W Data Status Data Status Data Action Action |
P - L y \ “ o
' c :Collect | ) s i
A - , i Engme I Maintengnce ! Corrective
Mon!tor Engine talfng'ggt Analyms Orde Action
ane 4 S?;;‘: —_— us e Results Resuilts
“Engine S|
Data E':gt'::: : Correc We Action
- Engine Data ) : Store
- Engine correctlve
Status Daia Status Action
Data _—
f : Store
“ Corrective ']e—.»
@ _ Action Results |




(‘act [Activity] System Functions1[ System Functions1] J
req [Package] Requirements [ & Customer Requirements 1 ])
«requirements
Monitor and Maintain Engine
Id = Il1"
Text = "The vehicle should apply engine health monitoring and Engine System Integrity Program (ENSIP) for engine maintenance "
awC Omments
. . S ) «dlloc ates
The system requirement is really about maintaining the engine. Syst
The vehicle should have requirements about monitoring the ystem Once we have worked our
engine, collecting engine status, storing engine status data .
and reporting engine status data to Logistics. . maintain way to the top, we can
The logistics should have requirements about receiving the Engine .
engine status data, analyzing the data, determining corrective 11 WOor k on d ecom pOSl N g th e
action if needed, storing the analysis results, and corrective ]
action taken and results from the corrective action. correct req uirement.
act [Activity] Maintain Engine [ =] Maintain Engine ])
«alloc atex walloc atex aalloc ater
Vehicle Logistics Maintainer
. I:E:u_:-re " :Receive | [ : Analyze " :Determine " :perform
— gine Enai . i i
Status gine Engine Corrective Corrective
W Status Data Status Data Action | Action |
: Monitor : Collect __ Engme Mamtem nce ! Corrective
Engine Engine ta'f”g'Bgt Analysis Order Action
_ Status p ) us Data Results Results
S p— = : Report |
- Engine Engine
Data status - Correc We Action
- Engine Data ) S
Statusg Data - Engine Corrective
Status Action
Data :
( : Store )
“ Corrective tje;.a
@ _ Action Results |
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req [Package] Reguirements [ System Requirements ]_J

ereguirements

Monitor and Maintain Engine

Id = |I.1II
Text = "The vehicle should apply engine health monitoring and Engine System Integrity Program (ENSIP) for engine maintenance."

™
|

efraces

requirements

Maintain Engine

Id = |I4II
Text = "The system shall maintain the engine in accordance with the Engine System Integrity Program, Document Number XYZ version 2.0. "

act [Activity] System Functions3 [ g System Functions3 ]J - ‘)| «activitys
Maintain Engine

zallocates )
System
[ : Maintain
‘ Engine ‘
rh |
act [Activity] Maintain Engine | 'j: Maintain Engine ]J
wdllocaten «allocates =dllocates
Vehicle Logistics Maintainer
% é:t?l:: " . Receive i : Analyze : Determine " . Perform
Sti!l;tus Engine Engine Corrective | Corrective
A Data Status Data Status Data Action Action |
: Monitor g - ’ A 4 r A ) )
a . _ - Engine Maintengdnce ! Comrective
Engine Lg Engine j( Analysis LH Ordel Action
- . tatus Data Results Results
Engine F : Report
Data Status : Correct'n.f_e Action )
- Enai Data : Store
: Enging .
StatusgData :j_ : Engine Corrective
Status Action
Data . y

: Store |
“ Corrective |:||<
@G Action Results |
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req [Package] Requirements [ Wehicle Requirements ]_J

areguirements

Monitor and Maintain Engine

Id - |I1I!
Text = "The vehicle should apply engine health monitoring and Engine System Integrity Program (ENSIP) for engine maintenance.” Main:;?;"":;gme
=

™
|

atraces
1

arequirements

Maintain Engine

Id - II4I!
Text = "The system shall maintain the engine in accordance with the Engine System Integrity Program, Document Number XYZ version 2.0. "
atraces Ixtrace» lxtrace» | atraces
| | | |
«requirements arequirgments arequirements arequirements
Monitor Engine Collect Engine Data Store Engine Data Report Engine Data
Id - lI6I! |d = llg" Id - "7" Id = !l8l!
Text = "The vehicle shall Text = "The vehicle shall collect Engine Text = "The vehicle shall store the ||Text = "The vehicle shall report the
monitor the engine status ||status data as defined in Document ABC, ||engine status data for at least TBD || engine status data to Logistics in
from engine startup to version 3.1, every 30 seconds from hours. TBD will be length of longest | |laccordance with ICD TBD within TBD
engine shut down." engine startup to engine shutdown” transit time plus some margin." minutes of landing. "
____________ | T P !
— . . ! ¢ - |
act [Activity] Behaviorse [ g Behaviorsg ]J W | AT -
aactivitys I Store Engine Status Data - g
«allocatex Monitor Engine | ~ aproblems =
Vehicle v = i TBD needs to be resolved
. ~ S by discussing with
: Store sactivitys Report Engine Status Data Logistics
.—\ Elis ‘ Collect Engine Status Data i
Status
W Data
B :Collect |
Monitor Engine
Engine SEEttUS
“Engine S :Eﬁeg?:: .
Data Status
: Engine Data
Status Data ’
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req [Package] Requiremenis [ Logistics Requirements ]J

zreguirements

Monitor and Maintain Engine

Id = "1”

Text = "The vehicle should apply engine health monitering and Engine System Integrity Program (ENSIP) for engine maintenance.”

zactivity =
Maintain Engine

™
I

«iraces

E=

sreguirements

Maintain Engine

Id = "4”

Text = "The system shall maintain the engine in accordance with the Engine System Integrity Program, Document Number XYZ version 2.0. "

MTatraces
|

"l\c{tl' aCen
|

Tatraces
|

Tatraces
|

’1\«tr aCen
|

Tatraces
|

Tatraces
|

zlequirements

reguirements

sreguirements

areguirements

«requirements

«requirements

sreguirements

status data from
the vehicle in
accordance with

corrective action to
the maintainer in
accordance with

corrective action in
response to the
Diagnostic

corrective action

corrective action

Receive Engine Provide Determine Receive Corrective Store Corrective Analyze Engine Store Analysis
Data Maintenance Order Corrective Action Action Results Action Results Data Results
Id ="10" Id ="14" Id="12" Id ="15" Id ="16" Id ="11" Id="13"
Text="The Text="The Text="The Text="The Text="The Text="The Text="The
Logistics shall Logistics shall Logistics shall Logistics shall Logistics shall Logistics shall Logistics shall
receive the engine ||provide the determine the receive the store the analyze the engine ||store the engine

status data with

analysis results for

Receive Engine Status Data

Determine Corrective Action

ICD TBD." ICD TBD." Analysis Report.”
| N ! !
!
I xproblems =] ! / «problems
| Meed to define interfaces. \ / Meed to define interfaces.
W g
wactivity» zactivity =

results from the results for at least ||TBD minutes of at least TBD
maintainer in TBD years." receipt.” years."
accordance with 7 3 7 ] ; 'x
ICD TBD." / \ / : /
/ : !
= \ / zproblerm: = | aproblems: = !
\ / Meed to resolve TBDs I Meed to resolve TBDs |
" iy )
wactivity = wactivity » gactivity »

Store Corrective Action Results

Martin"Corporation. All'rights reserved.
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 The vehicle and logistics requirements need to be decomposed to
vehicle and logistics subsystem requirements and subsystems.

* Pick afunction and work on decomposing it

(act [Activity] System Functions3 [ System Functions3 ]J «allocate»
System
[ :Maintain
‘ Engine ‘
th)
>
act [Activity] Maintain Engine [ |*2 Maintain Engine ]J
«allocate» «allocate» «allocate»
Vehicle Logistics Maintainer
: Store g y _ A
. Engine :Receive :Analyze : Determine : Perform
0 Status Engine Engine Corrective Corrective
) Status Data Status Data Action Action )
[ :Monitor | [ :Collect | A - 'fEngf\ﬁe “Maintengnce { Corrective
Engine Engine : Engine : - :
Stat tatus Data Analysis Order Action
\ E?a:jas Results Results

: Engine
Status Data

: Engine
Status
Data

: Cc:-rrective Action

: Store
Corrective
Action

: Store
Corrective

| Action Results |

O3

Martin Corporation. All'rights reserved.




What does it take to monitor and Engine?

Create functions that consume the inputs and produce the
outputs

E.g. What creates the Engine data for the Monitor Engine
Function?

Where does that function get its data from?

(“act [Activity] Monitor Engine [ Monitor Engine ] J h
«allocate» «allocatex»
Propulsion Monioring System

out output : Engine Data

Copyright 2020, Lockheed Martin Corporation. All'rights reserved.




 This is a good start

* What else is needed?

rfait;t [Activity] Monitor Engine [ Monitor Engine ]) A
«allocate» «allocate»
Propulsion Monioring System
:Measure RMPs
( : Compile B
— : Engine RPMs - e
. Engine Data | | . i
R as Ure | ouf output : Engine Data
— Temperature
- Engine Temperatur {
\\ y
«problem» =,
Shouldn't there be others?
What are they?

Martin"Corporation. All'rights reserved.




« Keep doing this until you have enough information to provide a
specification to a supplier to buy a part or software application or
until you have enough information to build it internally.

/act [Activity] Monitor Engine [ Monitor Engine ]) A
«allocate» «allocate»
Propulsion Monioring System
:Measure RMPs i
( : Com pile B
—_ - Engine RPMis N = = Eans
o
. Engine Data | | out output : Engine Data
: Measure — D
— Tem perature
- Engine Temperatur f]"
(& 4
«problem» =3
Shouldn't there be others?
What are they?
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« As we worked, we kept track of the problems

* Its ok to that we don’t know the answers right away

— We may need to get some help from another team to resolve
these

— We may need to have some conversations with the customer

# Annotated Element Body
3 ENSIP Implementation Does ACME need to provide evidence of the
1 program to someone? How often and in what
format?
IE' 10 Recejyve Engine Data Meed to define interfaces.

2 [E| 14 Provide Maintenance Order

[ Rl 15 Receive Corrective Action Results

[&| 11 Analyze Engine Data Need to resolve TBDs
3 |[gl 12 Store Analysis Results

[Rl 16 Store Corrective Action Results
Shouldn't there be others? What are they?

[&l & Report Engine Data TBD needs to be resolved by discussing with
3 Logistics.
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Traceahility

 We also kept track
of which system
SatISerS Wh'Ch * | 2 Name Text | Satisfied By

The system shall maintain the engine in accordance with & system

req u I rem ent 1 [l 4 Maintain Engine the Engine System Integrity Program, Document Number

X¥Z version 2.0.

The vehicle shall monitor the engine status from engine E] vehicle
. 2 'l & Monitor Engine startup to engine shut down.
« All requirements
The vehicle shall store the engine status data for at least E vehicle
n eed to b e 3 [rl 7 Store Engine Data TBD hours. TBD will be length of longest transit time plus

some margin.

S at | Sfl ed The vehicle shall report the engine status data to Logistics E] vehicle

4 (&l 8 Report Engine Data in accordance with ICD TBD within TBD minutes of landing.
The vehicle shall collect Engine status data as defined in E vehicle
5 (&l @ Collect Engine Data Document ABC, version 3.1, every 30 seconds from engine

startup to engine shutdown

The Logistics shall receive the engine status data from the E Logistics
6 (&l 10 Receive Engine Data vehicle in accordance with ICD TBD.

The Logistics shall analyze the engine status data with TBD & Logistics

7 [l 11 Analyze Engine Data minutes of receipt.

The Logistics shall determine the corrective action in & Logistics
8 (Rl 12 Determine Corrective Action response to the Diagnostic Analysis Report.

The Logistics shall store the engine analysis results for at & Logistics
9 (Rl 13 Store Analysis Results least TBD years.

The Logistics shall provide the corrective action to the & Logistics
10 (Rl 14 Provide Maintenance Order maintainer in accordance with ICD TBD.

The Logistics shall receive the corrective action results E Logistics
11 (Rl 15 Receive Corrective Action Results |from the maintainer in accordance with ICD TBD.

The Logistics shall store the corrective action results for at E Logistics
12 (Rl 16 Store Corrective Action Results least TED years.
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 We can check that all requirements are being satisfied easily
 We can also see if all the systems are satisfying a requirement

« Gaps here indicate unfinished work or unnecessary systems

Legend =[] Requirements [Model]

1 Satisfy = = ED SYSLEIM F@QUITEMENES o
3 ¢ X 5 4 = L = R s O S
gt £2:x3:iz2ssys
s m&gs 335 &8ETo0eEl
| [ i [ — = o [~ oo i — — — — — — —
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 The system behaviors
need to be allocated to
a system that will
Implement them

 If a system doesn’t
have a function,
reconsider why you
need that system

* A team will be
assigned to create the
products and if a
function isn’t
allocated to their
system, they won’t
address it

Legend
" Allocate

=-[] Structure

=[] Behaviors

-8 2 Analyze Engine Status Data(context Logistics)
-85 Collect Engine Status Data( context Vehicle)
-8 2 Compile Engine Data( context Monioring System)
-8 2 Determine Corrective Action(context Logistics)
-8 & Maintain Engine(context System)

82 Measure RMPs{ context Propulsion)

-8 d Measure Temperature(context Propulsion)

-8 & Monitor Engine(context Vehicle)

-8 2 Perform Corrective Action(context Maintainer)
-8 2 Receive Engine Status Data(context Logistics)
-8 & Report Engine Status Data( context Vehicle)
-8 2 Store Corrective Action Results| context Logistics)
-8 2 Store Corrective Action(context Logistics)

-8 0 Store Engine Status Data(context Vehicle)
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 The relationships can be used to determine impacts if a
requirement were to change

« This can happen because of customers changing their mind,
evolving environment, and defects

«73 Analyze Engine Status Data
«~ 20 Determine Carrective Action

J[(Bl11 Analyze Engine Data © - Logistics & » P2 Receive Engine Status Data
~ {0 Stare Corrective Action

* €4 Store Carrective Action Results

78 Callect Engine Status Data
~ 22 Manitor Engine

<[R9 Callect Engine Data & - Elvehicle @ i
~ o Repart Engine Status Data
,[87 ENSIP definition «[Rl 12 Determine Carrective Action & - Logistics “ &4 Stare Engine Status Data
Rl 1 Monitor and Maintain Engine @ - el EN.SIF’.Implementation ~E816 Montor Engine © ERmVnicie

~[&l4 Maintain Engine = — ~[&l 14 Provide Maintenance Order @ - B Lagistics
‘QSystem ~[& 15 Receive Carrective Action Results & & Logistics

“[Rl 10 Receive Engine Data @ - Logistics

*[Rl8 Report Engine Data @ ~ & vehicle

‘&l 13 Store Analysis Results @ - B Lagistics

‘[&l 15 Store Carrective Action Results - Logistics

‘[&l7 Store Engine Data @ - & vehicle

Bl system
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A Decomposition diagram can help you redundancies and gaps

* You can see from this one, that there is still a lot of work to do

(72 Analyze Engine ... Data
(72 Collect Engine ... Data

<2 Determine Corre ... ction ~ T2 Compile Engine Data
« T2 Monitor Engine® - T2 Measure RMPs
~ T2 Perform Correct ... ction ~ 2 2 Measure Temperature

? 2 Maintain Engine® - _ _
~Z 2 Receive Engine ... Data

‘22 Report Engine S ... Data
\ @ & Store Corrective Action
\? 2 Store Correctiv ... sults

\? 2 Store Engine St ... Data
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* Does this help with the product structure?

« We know that propulsion and monitoring systems are under vehicle

 We have identified interfaces between Vehicle and Logistics,

Logistics and maintainer

 What else did we identify?

bdd [Package] Structure [ System Hierarchy ]J

«block»
Vehicle

Monioring System Propulsion

«external»
Maintainer

«block»
Logistics

Copyright 2020, Lockheed Martin'Corporation. All'rights reserved.




« Wait, how did we identify the interfaces?

act [Activity] Maintain Engine[ Maintain Engine ] J

Data

: Store
Corrective
Action

\ y

zallocates sallocatan
System Maintainer
zallocates zdllocates
Vehicle Logistics
, ﬁ ~ : Store f : Receive f :Analyze : Determine : Perform ’
= Sillize Engine Engine Engine Corrective ‘ Corrective
i‘t‘ﬂﬂt':: Status Status Data Status Data Action Action |
s i 1 Data b F S r . ; b
: Monitor Data o - Engine Maintenance ! Corrective
Engine . ) t'altzgls?lggta Analysis Order Action
: Engine | iReport | -gqgine Results Results
A Status Eslt‘lgtme Status
Data —rma Data : Corrective Action

( : Store b
“ Caorrective ':]{
Ci)e | Action Results |

,
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 More interfaces and data will be added as we progress through
system design, but this is what we have so far

ibd [Block] My Context[ Interfaces ])

system : System maintainer : Maintainer

vehicle : Vehicle

logistics : Logistics

Maintenance Order

P e
Engine Status
Data
| | 4
< <]
Corrective Action
Results
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« At the beginning, | stated Systems have:

— Structure: Parts (or components) that are directly or indirectly
related to each other

Processes that fulfill its function or purpose

— Relationships: Parts and processes are connected by
structural and/or behavioral relationships

(‘act [Activity] Maintain Engine [ Maintain Engine ] |
«allocate» «allocate»
System Maintainer
«allocate» «allocate»
Vehicle Logistics
. [ -Perform
| Corrective
v Action
‘ ) ) - Engine ™
™ é Engine ‘ Analysis I%I
tatus Data )
I‘I‘I - Engine Results . [ J
- Engine Status Vlaintenance Ogder
Data Data M N, - Corrective Action
Engine Status Data
Corrective
Action
Y Resul
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* One customer requirement written at the wrong level led to
— One system requirement
— Several statement of work items
— Many subsystem requirements and functions
— Hints about the system structure
— ldentification of interfaces

« A top down, iterative systems engineering approach is still
needed even when detailed requirements are provided.
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