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Objectives

* Present the systems concurrent engineering
approach

o for the development of complex products

e |llustrate the approach with a hypothetical case:
e the development of a "Green Car".
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The “green” car — mission and concept o
e Transports up to two people on a road

* a small ecological vehicle

e congestion in major cities.

* less polluting than the average car,
e can reach speeds of 100 kilometers per hour
e has a movable frame for safety and maneuverability.

 unites the small size and efficiency of a motorcycle with
e comfort and safety of a car, using
e compressed natural gas as fuel.

e cheaper to run,
e quieter and less polluting.

e |ots of recyclable parts.
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Traditional systems engineering approach ol

- Automobiles are complex products

The later changes are made along product life cycle,
the more they will cost

Need to anticipate life cycle process requirements to the
early stages of product development

Traditional systems engineering focuses on:

- Product

- Development organization

- Operations

Traditional concurrent engineering focuses on:
- Parts

- Part design
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The systems concurrent engineering approach

- applies concurrent engineering along

the systems engineering subprocesses:
- stakeholder analysis,

- requirements analysis,

- functional analysis and

- implementation analysis

- anticipates, to the early stages of the systems architecting:
- the requirements,
- functions and
- parts needed along the product life.

- analysis sub-processes are performed, concurrently, for
product and organization.

- recursively applicable to each layer of the system breakdown
structure.
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The systems concurrent engineering framework

/

Analysis dimension Integration dimension Structure dimension
(types of analysis) (elements to be integrated) (layers of a hierarchy)

Systems
Engineering

oncurrent
SR S e Engineering

1S2011, Denver, CO, USA, June 20 — 23, 2011



The systems concurrent engineering method 2055 20

)

are :
Stakeholders Stakeholders *' Techmical | b?:is Functional b;:is Implementation
Requirements ° Requirements o1 Architecture fo
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Functional Tmplementation
Attributes Attributes
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Verification Loop

Satisfaction Loop
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The systems concurrent engineering method in detail NS
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The “green car” system concurrent engineering

e Stakeholder driven
e Top level is the system life not the system itself

|t starts identifying the product life cycle processes and its scenarios
e development,
e manufacturing & assembly,

test & calibration,

distribution,

sales,

use & service and
e disposal

* Product is analyzed in all of its life cycle process and scenarios

e Organization is analyzed in the life cycle processes within the scope
of development effort
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Life cycle scenarios of chosen processes 7025 20

Devel tlc 6 Advanced Components | Tests and Ramp-up

evelopmen onception Design Design adjustment Production
Organization
Sales Logisﬁc Deliveries - - -
Planning

gjr;z;atlon Hold Low speed High speed Collision -
Product

Disposal Disassemble SpeC|a!|st Conditioning | Repair -

analysis

Chosen for further demonstration
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Product stakeholders and their concerns

PRODUCT

Chosen Processes

OPERATION

DISPOSAL

Scenario

High Speed

Disassemble

STAKEHOLDERS and their
CONCERNS

Driver — Ease of steering

Owner - Reduced Price

Passengers - Noise

Government - Vehicles Recycling
Policies

Other Vehicles - Signals

Recycling plant - Ease of
disassembly

Legislators (supervision) -
Identification

Community - Traffic Safety

Population - Polluting Level
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Organization stakeholders and their concerns

ORGANIZATION

Chosen Processes

DEVELOPMENT

SALES

Scenario

Conception

Deliveries

STAKEHOLDERS and their
CONCERNS

Environmental Protection Agency
- Do not harm the environment

Vendors - Sales Effort and greater
number of cars sold

Customers - Satisfaction with the
product

Distributors - Agility to deliver/
Deadlines

Suppliers - Fidelity

Competitors — Competitiveness

Safety Regulators - Reduce
accidents

Manufacturer - Orders

Academy - New researches

Consumer - Contract Compliance

Scrappers — Retreat units in poor
condition

Shareholders - Investment

Distributors - Product Quality

Competitors - Knowledge of
technology

Standards organisms - Comply
with standards

Department of Transportation -
Cost Reduction
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MoEs and stakeholder requirements

STAKEHOLDER MokE’s REQUIREMENT
Orders made/ Requests per Purchase of car components in
. Fidelity month accordance with the
Suppliers specifications and quality
defined.
Sales Effort -Increased number | Monthly Sales Shares The monthly production of the
of cars sold product must ensure the
Vendors commitments made to
customers.
Shorter response time to The response time to
Ease of Steering answer the driver commands commands made by the driver
Driver must be at the forefront of the
standards of the industry.
Ease of disassembly Man-hour taken to disassemble|The Green-Car design features
Recycling Plant the car W.I|| provide a simple process of
disassembly.

] Product

B Organization
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Functional context of the product in the ‘high speed’ scenario

Pedestriams

Conductor / Runway
\ -\ Precau tionury\ )

Commands X Secarity

conditions

Responscs
T raction fromt
and rear

Passcenger
l)ri\ahilil.\'/
Other Stgmaling
Vehickess Fuch Power
Fuel Power ' Encine
System <- ) ~nEane
atmosphere

From the functional context, functional structure and behavior are derived.

Car at High
Speed
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Product functional behaviour

scenario ‘car in hich speed’

y 1D

Fuel NOTOK Command  OK and Fuel OK

Stop vehicle Vehicle starts moving

MOVEMENT BEGINS

Command  OK and Fuel OK

Vehicle in accelorated
Fucell NOTOK

Stop vehicle v

|

ACCELERATION

[

Command = OK and Fuel =« OK

? - . .
Fuel = NOT OK Vehicle continues to be accelerated

Stop vehicle

Command OK
und Fuel -« OK

- HIGH SPEED

Vehicle
uwccelerates
wpain

Command  OK and Fuel OK

Command <« OK and Fuel « OK

Vehicle ix braked
or Fuel NOT OK

Stop vehicle

- DECEKLERATION
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Product functional behaviour

scenarilo ‘car in disassembly’

Disassembled
j—
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Organization functional analysis -
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Functional context of the ‘delivery’ organization

Distributors

Customer

\ Fiscal Note /
Prod ugl request

Order conﬁrrncd

reguest completed

Seller
—
Make order ——_— Sal
T~ very Sales
Order confirmod \
SR— Receive credit
/ rex S |
Releases Customer \ -
Credit Releases
invoice number \
/ Receive salcs amount

/ Financicr |
Billing

From the functional context, functional structure and behavior are derived.
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PROBLEM DANGER Y DIFFICULTY
L (1t05) (1 to 5) (1 to 5)
Front and rear . .
traction Vi it Loss of control 4 ST 2 4 32
control track
problems
Brake Vehicle don’t Accidents 5 Worn brake 4 ) 40
problems stop pad
Vehicle is a Strong raining
i s threat to Accidents 4 and ladf aft 3 2 24
problems . preventing
population .
maintenance
Direction Vehicle out of . s (.)f
system Accidents 5 preventing 2 3 30
control .
problems maintenance

It is also done for the organizations within the development effort
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Implementation (physical or architecture) analysis
* Also start with a context...

* Context is decomposed to show parts, interfaces and flows
over interfaces.

Customer Distributors
. . Nota Fiscal
These are examples for organization... Order Confirmed Product request
\ / Request completed
Seller my )
Customer Distribuitors Take order | Delivery Sales
Fiscal Order confirmed—"|
scal note Products request Get credit application

Order confirmed document c
Comunication document Releases Cusomer Credit Releases
Request completed

Receive Sales amount
document /

S Billing Funding
Seler L\Ordcrﬁ .
\ Marketing
Confirmation note Credit request note
document of Invoice Credit release softvard <———— Physical connections not flows
number liberation \

Calculation of

Sale amount
Billing —

Funding

The same is done for product
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Implementation (physical or architecture) analysis

Product architecture context decomposed...
Product in the ‘High Speed‘ scenario
Architecture flow diagram

ve
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Driver —Commands and acty Tramicats Fuel Svstem
of pilotage '

Responscs to commands / Track Provides fucl

INTERFACE
OF
COMMAND

Other Vehicles j—Signaling

Acceleration and
Deceleration

Disturbances e
/ Acceleration and 4
Deceleration ——
Atmasphere \
Paiseagers DRIVERS
\ '\_‘_‘j‘" of inertia Disturbances Electric Motor
Atmosphere / Provides energy Response to commands

Material, energy and — / Driveabilty

information flows nikem Tramrom | THE SAME iS
wdrear | done for
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Implementation (physical or architecture) analysis RG>~
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Product architecture context decomposed...
Product in the ‘High Speed’ scenario
Architecture interconnect diagram

Driver Passerby

Fucel supply
system

Pedal

Detection and reduction

Indicators system

Other
vehicles L \;

Detection and

Fuel supply

Track i
COMMAND »ad/ Fucl injection

INTERPHASE

/

reduction system

Moaotor Cycle
oTO

EMITEMC

/ Signal interfase /
‘ontrol sensors
Atmosphere
Signal interfase
Weight
Power supply

Passengers PO‘YER \F.lt::lrir
Signal interfase DRIVERS maotes

\\\'eighl sensors /

EMIVE Control sensors

Power supply
Control sensors

Atmosphere \
. lectric supply T fro .
Physical - marear |The same is

interconnections done for
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Product allocation matrix

Product in the ‘high speed’ scenario

Functions

Provide Command Interface

Provide Data Treatment

Subsystems
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Organization allocation matrix o BT

Sales organization

> b !éo [} © g
s |8 § | £ sl 2| Eq4| 8
S 155 2| 8| & |%3|E5|5z5| 3
QEJ Function g 8 = b S g 3 < E g ﬁ -g E
Monthly production of cars will ensure the delivery of
1 100% of the commitments made S S R 0 S
2 Regulations and Standards Control S R
3 Customer Management S o) R 0
4 Distributors Management S S R S S o
4 Supplier Management S R o S
5 Scrappers Management S R S S S S
6 Academic Coordination S S R S
7 Benchmarking S o) R S S S S
S — Support R — Sponsor O - Orientation
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Discussion

o Stakeholder and requirements must be identified, from
the outset of the system architecting process, considering
the product in every stage and scenario of its life cycle

Process,

e Organizations that are within the scope of the
development effort shall be engineered simultaneously to
the product systems engineering process

e This will reduce the risk for changes in later stages of
product and organization lives

e This will also improve productivity of life cycle process
performing organization

e Systems engineering can be used for the concurrent
engineering of complex products and their life cycle
process organization
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Conclusion

e systems concurrent engineering approach presented
e ‘green’ car example presented

e Approach anticipates life cycle process requirements to
the early stages of product development

e Approach can be applied for, simultaneously, systems
engineer product and its life cycle performing
organization

e Gains in quality, cost, lead time and productivity are
foreseen.
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