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»

SYSTEMS ENGINEERING

Systems engineering is the art and science of developing an operable
system capable of meeting requirements within imposed constraints.

Systems engineering is a methodical, disciplined approach for the
design, realization, technical management, operations, and retirement
of a system, i.e. during all product’s life cycle.

A “system” is a construct or collection of different elements that
together produce results not obtainable by the elements alone. The
elements, or parts, can include people, hardware, software, facilities,
policies, and documents; that is, all things required to produce system-
level results.

The value added by the system as a whole, beyond that contributed
independently by the parts, is primarily created by the relationships
among the parts; that is, how they are interconnected. It is a way of
looking at the “big picture” when making technical decisions.

SYSTEM >> X PARTS

SYSTEM = 2 PARTS + RELATIONSHIPS
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WHAT IS A SYSTEM?

A SYSTEM may be considered to be
a hucleus of elements structured

in such a manner as to accomplish a(function
to satisfy an identified need.

Equipment/components/devices (hardware)
Facilities/infrastructures

Data/software

Services/functions

Personnel

mission

A\ 4

by the customer

Required for its
:l> preparation, operation >

and support

A self-sufficient entity in its intended
operational environment throughout its
planned life cycle
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»

WHAT IS A SYSTEM?

A system
consists of
different items
which are all
related and

which co-
operate

/

aiming at the
global system

/

SYSTEM

A system

SUBSYSTEMS typically is
comprised of

- a saries of

\ EQUIPMENT functional
inter-related

tiers
\ COMPONENTS/
MODULES -

performance.

A system
comprises

Communication S/S

subsystemes,
equipment
and
components.
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—
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Navigation S/S
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4

Tier 0

Tier 1

Tier 2

Tier 3

WHAT IS A SYSTEM?

The overall effect may be likened to a pyramid where the total system depends upon all the
lower tiers.

The figure below depicts the product breakdown structure of a space transportation system,
whose success depends upon the integration of all items of its lower tiers. Breakdown and
integration are fundamental processes of Systems Engineering.

Space
Transportation System

External Orbiter Solid
Tank Rocket Booster
| | [rom————
External Thermal Avionics Environmental Etc.
Structure Protection System Control System
System
| I [rrr————————
Communication Instrumentation Command & Data Displays & Etc.
System System Handling System Controls
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WHAT IS A SYSTEM?

According to circumstances, the concept of system might vary.

As far as the builder of the power control unit is concerned, the power control unit is the
system which includes the voltage regulator, the battery charge regulator, etc....as

subsystems.
Power Control Unit
|
oL SYSTEM
veliEEE | ety Sl pncontroller||Switches || ADC F|Iters.& Interfaces
regulator regulator Protection

| | | | SUB-SYSTEMS

COMPONENTS
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WHAT IS A SYSTEM?

As far as the launch vehicle builder is concerned, the mentioned power control unit is only
an equipment of the electrical power subsystem of the launcher, which represents the

primary system to him. .
Re-entry vehicle

4 SYSTEM

e e 0 s e s

SUB-SYSTEMS

Battery  Battery Power Power
1 2 Control Unit Control Unit EQUIPMENT
1 2

Nicole Viola, Introduzione e Fondamenti del Systems Engineering



WHAT IS A SYSTEM?

As far as the national space agency is concerned, the launcher is a system of the wider,
global system, the so-called system of systems, which consists of payload, launch facilities,

personnel training, customer services, maintenance services, etc.
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SYSTEMS ENGINEERING: MAIN FEATURES

Systems engineering is a holistic, integrative discipline, wherein the contributions of structural engineers,
electrical engineers, mechanism designers, power engineers, human factors engineers, and many more
specialist disciplines are evaluated and balanced, one against another, to produce a coherent whole that is
not dominated by the perspective of a single discipline.

Systems engineering seeks a safe and balanced design in the face of opposing interests and multiple,
sometimes conflicting constraints.

The system engineer
focuses efforts on
assessments to optimize
the overall design, and
not favor one
system/subsystem at the
expense of another.

Optimization of single
elements does not imply
optimization of the
whole system, when all
single elements are
integrated.

System Plane

System

Flowdown of allocation
Aerodynamics

Trajectory / G&N

Upward flow of design attribute
and derived requirements from
design function planes to systerq

plane (formal vertical integration) Control

e Structures

Vertical informal integration
between design function
planes

Thermal
Design function planes

Propulsion
Avionics
Informal horizontal integration

occurring within & among

Materials Ay
disciplines

Manufacturing

Other



SYSTEMS ENGINEERING: MAIN FEATURES

» Systems engineering is a doctrine of |
successive refinements. Each create REE‘;ESFE
concepts step involves a recursive and opportunity
iterative design loop.

Identify and
quantify goals

Identify and
quantify goals

Iterative is the “application of a
process to the same product or set of
products to correct a discovered
discrepancy or other variation from
requirements”.

Identify and
quantify goals

Identify and
quantify goals

Recursive is defined as adding value to
the system “by the repeated
application of processes to design next
lower layer system products or to
realize next upper layer end products
within the system structure. This also
applies to repeating application of the
same processes to the system
structure in the next life-cycle phase to Perform
mature the system definition and mission
satisfy phase success criteria.”
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SYSTEMS ENGINEERING: MAIN FEATURES

» The application of scientific and engineering efforts within Systems Engineering is devoted to:

Transform an operational need into a description of system performance parameters and
a preferred system configuration through the use of an iterative and recursive process of
various analyses, activities, syntheses and tests.

Integrate related technical parameters and assure compatibility of all physical, functional,
and program interfaces in a manner that optimizes the total system definition and design.

Integrate reliability, maintainability, logistic support, safety, producibility, security,
survivability, structural integrity, human factors, and other related specialities into the total
engineering effort.

The system engineering process has as its goal the achievement
of the proper balance between operational, economic and
logistics factors, to reach a cost-effective solution.

LOOK AT THE SYSTEM AS A WHOLE
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Requirements flow down
from level above

v

SYSTEM
DESIGN
PROCESSES

PROCESSES

TECHNICAL MANAGEMENT

Requirements Definition
Processes
1. 5takeholder Expectations
Definition
2. Technical Requirements
Definition

Technical Planning
Process
10. Technical Planning

SYSTEMS ENGINEERING: PROCESSES

Realized products
to level above

1;

PRODUCT
REALIZATION
PROCESSES

v

Technical Solution
Definition Processes

3. Logical Decomposition
4. Design Solution Definition

Technical Contraol
Processes
11. Bequirements Management
12. Interface Management
13. Technical Risk Management
14. Configuration Management
15. Technical Data Management

Product Transition Process
9. Product Transition

f

Evaluation Processes
7. Product Verification
8. Product Validation

f

Technical Assessment
Process
1&. Technical Assessment

Requirements flow down
to level below

Technical Decision Analysis
Process
17. Decision Analysis

Design Realization
Processes
5. Product Implementation
6. Product Integration

Systemn design processes
applied to each work breakdown
structure model down and
across system structure
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Realized products
from level below

Product realization processes
applied to each product
up and across
system structure




Stakeholder

SYST E IVI Expectations
Trade Studies and lterative Design Loop

Mission
Objectives &
D ES I G N Mission [l Constraints :
Authority + Derived and
Design and Allocated
PROCESS > |Operational| | | High-Level jroduct | - [FedUIEment
. . Objectives Requirements Structure * Performance
The figure beside . . gmrm |
= Dperationa
shows the — - “llities”
. . . Mission
interrelationships Success
among the Criteria ConOps
system design
Processes. Mo — Next Level

Once the concept

Legend:
has been [ Stkeholder Expecatons Deft
takeholder expectations nition

formulated, the _ _ B Rebaseline
identification of [ Technical Requirements Definition Yec ~[equirements
Critical . Logical Decomposition

. [ Design Solution Definition
technologles has B ) Require- c . Architectural System
to be made. [] Decision Analysis ments |y O P Ly Studies Design

~ ~ ~ s ~

A continuous relationship between architectural studies Y ‘I:F;UADzAw : A4

. o . . ssessmen
and maturing technology advances is imperative. The A A yy A A
architectural studies must incorporate the results of the k4 L4 h L4 h
technology maturation, planning for alternative paths Technology Maturation

and identifying new areas required for development.
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Mission statement.

SYST E M D ES I G N Mission oibjectives.
PROCESS

A 4

» The flgure beside shows System Requirements (Mission, /
the flow-chart of the Interface, Operational, Functional, /
. Performance, Physical and Product -
conceptual design process. Assurance).

» On the basis of the system
requirements, the

\ 4 A 4

conceptual design process

evolves through the system o .
. Definition of Mission’s Phases Definition of Functional Tree and Product Tree
architecture and the and Scenarios. (System and Subsystems’ Architecture).

mission definition.

Mission Analysis. Functional Analysis.

A 4

» Once both the mission and Definition of System Modes of
. . M v
the system architecture Operation.
imi System sizing.
have been prellmmary Mission Definition > L ,
defined, it is important to Defmlt;Or?donhse}rlri:ZrlnBzg/;tsss, Power
verify whether or not all system requirements have been

satisfied. Being the design activity a process of successive | SystemArchitecture

H . . D f- -t.
refinements, several iterations may be necessary before cHnon 1

achieving the system design synthesis, thus freezing the 7\No
system design. '
v

. . Yes
» Iterations may occur at every stage of the conceptual design

process, thus resulting in a continuous trade or refinement System’s design synthesis.
of system requirements.
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SYSTEM DESIGN PROCESS:
THE FUNCTIONAL ANALYSIS

Starting from the mission objectives/top level system requirements or directly from the
mission statement, the Functional Analysis allows identifying the physical components, the
so-called building blocks, which constitute the future product, and how they are interrelated
to build up the functional architecture of the future product. Physical components are

identified by mapping functions to physical components.

Moreover through Functional Analysis the functional requirements can be defined or anyway

refined.

Functional tree

|
lbasic functions

Connection matrix «—- Functions/devices matrix

links between basic
components components

Functional block diagram |[€&——- Product tree

Main core of the Functional Analysis

Functional Architecture

Functional
Requirements

Functional
Architecture
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THE FUNCTIONAL ANALYSIS:
EXAMPLE OF APPLICATION

LUNAR N To provide mechanical
LANDER i and structural functions.
| To provide electrical power N Electrical power source
| generation and management. has to be provided.
R To provide thermal b Electrical power storage
control capabilities. has to be provided
N To provide data b Electrical power distribution
i handling capabilities. and control have to be provided.

To provide
communications capabilities.

A\ 4

To provide attitude and orbit
determination capabilities.

\ 4

A 4

To support the payload.

To perform the transfer
from LTO to lunar surface.
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CONCLUSIONS

» Systems Engineering is a
fundamental approach to the
design of complex systems.

» Innovative and flexible tools are
very important to support the
design activity.

» We pursue the Systems Engineering
approach by educating

SISTEM CONFIGURATION
DURING DESCENT

PROPELLANTS
FOR DESCENT

ENGINE

ROVER
SHELTER

SISTEM CONFIGURATION

DURING ASCENT

PROPELLANTS
FOR ASCENT
AND FOR RCS

LUNAR
SOIL
SAMPLES

undergraduate and graduate
students, by working at national
and international research
programs in collaboration with
industrial partners and by
participating to various cultural
activities.
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