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What Is It?

= ldentifying problems and
translating them into a need

= Accomplishing system planning
= Conducting feasibility analysis
= Developing system operational

requirements "
= Proposing a sustainability model Requ!re_r_nents
g Iderrlltifyipg a?d prioritizing Definition
technical performance metrics
=  Accomplishing a system-level PrOceSS

functional analysis (recursively)
= Performing system analysis

= Developing system
specifications

= Conducting review

Electrical & Computer Engineering
School of Engineering
THE COLLEGE OF NEW JERSEY



@ The College of New Jersey

Problem Definition

= A comprehensive statement of the problem in specific
gualitative and quantitative terms

= want -> need analysis -> system-level requirements
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Need Analysis

= What is required of the system in
“functional” terms?

=  What functions must the system
perform?

= What are the “primary” functions?

= What are the “secondary”

functions? WHAT,
= What must be done to alleviate

the stated deficiency? NOT hOW
=  When must this be accomplished?

= Where is it to be accomplished?

= How many times and at what * pair practice

frequency must this be
accomplished?
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Early System Requirements
and Advanced Planning
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System Requirements
Definition Process

Problem Definition
and
Identification of Need

Y Y

Advanced System Design
System and
Planning Feasibility Analysis
and
Architecting

Applied
Research

~
Yy
A

Technology
Development
® Operational requirements and
® Maintenance and support Application

concepts
® Technical performance
7] measures (TPMs)
® Functional analysis and
allocation (system level)
® System trade-off analyses

System Requirements Analysis

System Architecture

® System specification (Type A)

® System engineering
management plan (SEMP) <

® Conceptual design review

T

L 1

Y

Preliminary System Design
(Chapter 4)

 —
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What’s next?

s SYSTEM FEASIBILITY ANALYSIS

= Mission definition

= Performance and
physical parameters

= Operational deployment SYSTEM
and distribution OPERATIONAL

= Operational life cycle REQUIREMENTS
= Utilization requirements

= Effectiveness factors

= Environment
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Questions

= What are the anticipated type and gquantities of
equipment, software, personnel, facilities, etc.,
required, and where are they to be located?

= How is the system to be utilized, and for how long?

= What is the anticipated environment at each
operational site?

= How is the system to be supported, by whom, and
for how long?

= TEAM EXERCISES OF ILLUSTRATIONS 2 -4 INPP 64 - 72
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Maintenance and
Support Concept

= Levels of maintenance

= Repair policies

= Organizational responsibilities
= Maintenance support elements
= Effectiveness requirements

= Environment
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System Operations

@ The College of New Jersey

System Operation and
Maintenance Flow Example

Organizational Maintenance
; ® On-site corrective and preventive

-

EOperalional—Sitci

_______ Faie

maintenance
e Supply support (critical items)

Aircraft Facility Ship e System test capability (built-in)
N N » Personnel (low skills)
L ® Operational environment
Intermediate Maintenance
" e Corrective and preventive
-2 maintenance (subsystem level)
Depot/Producer Maintenance ‘\ -» 000 : '?_upply support .
e Detail maintenance \ est and support equipment
N * Personnel (medium skills)
* Overhaul e Field shop facility

e Calibration
* Manufacturing
* Supply support

e Personnel (high skills)
* Factory test equipment
» Fixed facilities

Component | .~ ----- » Maintenance Flow

Suppliers

—— Supply Flow
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Major Levels of Maintenance

Critétii Orggnlzatlonal Titsrmadiate Matitehaics Suppller/Mz}nulacturer/Dcpot
Maintenance Maintenance
Done where? , . Mobile or Fixed units Supplier/manufacturer/depot
At the operational site Or |semimobile units facility
wherever the prime
elements of the T
ruck, van, s = s 20 : w
system are located portable shelter Fixed field Specialized repair activity or
; ’ shop manufacturer’s plant
or equivalent
Done by whom? System/equipment Personnel assigned to mobile, Depot facility personnel or
’ operating personnel semimobile, or fixed units manufacturer’s production
(low-maintenance skills) | (intermediate-maintenance skills) | personnel (high-maintenance skills)

Using organization’s

On whose equipment? Equipment owned by using organization

equipment
Type of work Visual inspection Detailed inspection and Complicated factory adjustments
accomplished? Operational checkout system checkout Complex equipments repairs and
Minor servicing Major servicing modifications
External adjustments Major equipment repair and Overhaul and rebuild
Removal and replacement| modifications Detailed calibration
of some components Complicated adjustments Supply support
Limited calibration Overload from intermediate level
Overload from organizational of maintenance
level of maintenance
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System Maintenance and
Repair Policy Example

El\h' [ The College of New Jersey

DEPOT MAINTENANCE

OVERHAUL AND REPAIR

Unscheduled Maintenance

e Power supply module—
accomplish fault isolation
to piece part and repair.

Support Factors

e Support and test equipment—
standard items.

® Supply—power supply
modules and piece parts.

e Personnel skill level

advanced.
o TAT—14 days.

CALIBRATION LABORATORY

e Accomplish repair and/or
calibration of module
ABC.

ORGANIZATIONAL MAINTENANCE INTERMEDIATE MAINTENANCE
SYSTEM ELECTRONICS SHOP
Unscheduled Maintenance Unscheduled Maintenance
FAULTY
® |n the event of no-go, UNITS e Unit B—accomplish
a built-in test provides i fault isolation to module:
fault isolation to unit remove and replace faulty
level (Units A, B, module: repair module ES:
C,D,or E). through circuit board- MODULE
® The applicable unit is piece part replacement
removed and replaced, (all modules except power
with faulty unit sent to supply and module ABC). .
intermediate maintenance ® UnitA. C.D.and E— i
shop. accomplish fault isolation .
Scheduled Maintenance to piece part, and repair K2
o through piece part
® Unit B is removed, UNIT “B™ replacement.
replaced, and sent to - .
T Scheduled Maintenance ABC
shop at 6-month intervals. ® Unit B—disassemble unit MODULES
Support Factors and remove module ABC for
- calibration, replace
e Support and test equipment— module and checkout unit.
built-in self-test, no >
external equipment. Support Factors
e Supply—spare units. . 3
e Personnel skill level— & Support and test equipment— 1
basic. unit test set. module, and :
o MTBM—175 hours. SPARES* circuit board tester. 1
e MTBF—250 hours. D ® Supply—spare units, |
o M—30 minutes. modules, circuit boards. :
e MLH/OH—0.1. and piece parts. -4---—----1
e Design LCC—$25.000/system. ® Personnel skill level— SPARES
intermediate.
*Transportation time—I1 week. e Mct—3 hours.
+Transportation time—2 weeks. e TAT—16 hours.

Support Factors

e Support and test equipment—
standard.

e Supply—module ABC and
piece parts.

e Personnel skill level—
advanced.

e TAT—30 days.

® Facilities—clean room.
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Technical Performance
Measures (TPMs)

= [PMs are measures
of the design-
dependent
parameters (DDPS) among Afiabutes

(Technical Correlations)
= TOOL

T T

. . Design Attributes
= Quality Function =
Dep'oyment (QFD) (Technical Response)
= House of Quality 2
P
(HOQ) = s Z Relationships Planning Matr

s | B belpeen Market Ealuatio,

— Toek &0 Customer Needs R S =

| Needs = d Customer Perceptions, —

- Whats = . anc. and Strategic Planning —
3 Design Attributes e &

‘Ie chnical Response
Measures and Priorities,
Competitive Benchmarking,

and Technical Targets
T T T O Y O
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Traceability of Requirements
through a Family of Houses

SYSTEM-LEVEL SUBSYSTEM-LEVEL COMPONENT-LEVEL MANUFACTURING
REQUIREMENTS REQUIREMENTS REQUIREMENTS REQUIREMENTS
” v n @
o gw o =
%4 4 55 38
g e = o —
g T = E s& 55 Manufacturing Planning
£ = > = = > LP:,J = | = * Design and Development,
52 E = g2 =52 and Control
o >0 Ao =
o © e o Q"
7= o
TARGET-VALUES TARGET-VALUES TARGET-VALUES TARGET-VALUES
[y | T T
) _Yl ___________________ i ________________ j Support System Planning
}- Design and Development.
Feedback and Control
SUPPORT INFRASTRUCTURE SUPPORT ELEMENT
REQUIREMENTS REQUIREMENTS
o,
[ohy 4 =
B Z U o
Y ks>
i Y .Io2 1 Riei=r: 5
a lZh>! o =
=& EEE
o ~ 20
&< 259
Poe) w
-4 Z o
TARGET-VALUES Feedback TARGET-VALUES
Feedback
e T Moo e y
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Functional Analysis and
Allocation

= Functional description of the system
= Function refers to a specific action
= The whats, not the hows

s Functional analysis is an iterative process of
translating system requirements into detailed design
criteria and the subsequent identification of the
resources required for system operation and support

= Purpose: Develop the top-level system architecture

= Requirements
Functional architecture

= Structure
Physical architecture

Electrical & Computer Engineering
School of Engineering
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Functional Flow Block Diagrams (FFBDs)

SYSTEM REQUIREMENTS

s The whats, not the hows

1.0 l 2.0 3.0 4.0
Function A | Function B | Function C |—{ Function D
50
f Function E I:
Py 6.0
Hn'l__" Function F
/ g 1.0 2.0 3.0 4.0
Second-Level Funcliuns{ Idgl;)tlfi/ NC?C] Design Manufacture Operate
1 S AR EREIRS > and Develop > system > and Maintain [—>
5.1 5.3 /5.5 System S Producti S
g \ Requirements ystem (Production) ystem
R ‘ - equ1; [ . —
. P ————————— E R, WY T, . :
2 Moe 40 Yo 1T 42 T 43 J
N N - REF - : :
Operate Operate Operate GO Operate
Third-Level Functions l and Maintain > System > System System [
5.5.1 5.5.2 55.3 System in Mode A in Mode B in Mode C
— > S}
B i NO-GO
5.5.4 ; 555 T
! \ 14.0 14.1 14.2 14.3
4 Transport
I Isolate Y 'y .| Faulty Unit to . Repair
Fault to > and Replace " Matnt » Faulty Unit
) “Unit” Level Faulty Unit alrsllfon;nce y

Comprgn © 2011 Paarson Educaton, Inc. pusiahing as Prentce Mal



Need
To develop a transportation capability
between City A and City B

Progression from the N . |
“need” to the | ()
Functional Analysis [ oo ierva

Result of Analysis
(Select airborne transportation capability)

transportation transportation transportation

___________________________________________________ -
>
]
=l
=1
=
< ' Missing profile * - -
4 . S ]
— L
Start mission Complete mission
City A | City B
Functional Analysis
System top-level
functional flow
2 s 9
Design Produce Operale
prime system ”'.c system [ _,
1 4 clements in user :
Define Perform 6 8 environment | !
system @ system @ Procure Distribute ]
requirements 3 integration clements of system for 1
(Oper. Maint.) Tesian and test @ support consumer use| 10 — ]
svstent 7 Maintain the i
ﬂl?b :nrl Produce system 1
= Zliailiw clements of (as required)| |
i L= support i
Second-level functional flow }',
_____________________________________ € mmmmmmmm—mmemm e mm e mm—mm————
i 9.1 9.3 94 9.5 9.6 ‘J-?P -
9.0 ", Jf:’;g[‘:r[':“ Taxi aircraft Take off ‘I_’mr.'e:cd é‘r_ﬂm »| Land at City ]—» d‘{:g(r‘:;
Rel flight for takeoff from City A City A 50 ity B B checkout
Operate the 9.2 !
system in user Prepare !
environment aircraft forp—y |
standby !
I
Third-level functional flow - - - -- - S S S S Y
95y 9.5.1 952 9.5.3 954
Ref Check e N 7 T
] G . |Contact control Contac Receive landing
Pmcch emmunieation tower City A tower City B instructions
from City A subsystem 2
to City B L
¥ G- - - - - » Maintenance [low
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The Functional Approach

= All facets of system design and development,
production, support, and phase-out are considered

= All elements of the system are fully recognized and
defined

= A means is provided for relating system packaging

concepts and support requirements to specific system
functions

= The proper sequence of activity and design

relationships are established along with critical design
Interfaces

Electrical & Computer Engineering
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The Functional Approach

= Provides the functional baseline for:
= Reliability requirements
= Reliability model
= Maintainability requirements
= Human factors requirements
= Supportability requirements

= Functional baseline -> allocated baseline -> product baseline

Electrical & Computer Engineering
School of Engineering

THE COLLEGE OF NEW JERSEY 19



Functional allocation,
partition, apportion

ﬁl The College of New Jersey

What elements can be selected that can perform multiple
functions reliably, effectively, and efficiently?

How can new functional requirements be added without adding
new physical elements to the system structure?

Elements can be grouped by geographical location, a common
environment, or by similar types that have similar functions

Individual system packages should be as independent as
possible with a minimum of “interaction effects”

Select a configuration in which the “communications” between
the subsystems is minimized

Thus both functional and physical architectures emerge and the
hows start to evolve from the whats

Electrical & Computer Engineering
School of Engineering
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Functional allocation,
partition, apportion (example)

System XYZ
I
. Computer i
System Equipment Facility
operator 123 Resources
(Software) J'

L L
Unit A Unit B Unit C

| I

Assembly 1 Assembly 2 Assembly 3
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System
Trade-Off
Analyses

= Functional baseline ->
allocated baseline ->
product baseline

Design
Requirements
(Criteria/Constraints)

Select
a
Different
Approach

3

T
r

Y Y

Design Design Design
Alternative Alternative Alternative
1 2 3

Y v v

® Define analysis goals
® Sclect and weigh evaluation criteria
(Performance, effectiveness , life-cycle cost)
® [dentify data needs
(Existing data, new data. estimating relationships)
® [dentity evaluation techniques
(Simulation, linear/dynamic programming, queuing)
Select and/or develop a model
Generate data and run model
(Run “baseline ” and verify model accuracy)
Evaluate design alternatives
Accomplish a sensitivity analysis
Identify areas of risk and uncertainty
Recommend a preferred alternative

Selected Alternative

Is the
Alternative

A

Feasible?

System Definition
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The OQutcome ...

= System Specification ->
= Then ...
= Design Review

System Specification

1.0
2.0
3.0

4.0
5.0
6.0
7.0

Scope
Applicable Documents
Requirements
3.1 System Definition
3.1.1 General Description
3.1.2  Operational Requirements (Need, Mission, Use Profile, Distribution, Life Cycle)
3.1.3 Maintenance Concept
3.1.4 Functional Analysis and System Definition
3.1.5 Allocation of Requirements
3.1.6  Functional Interfaces and Criteria
3.2 System Characteristics
3.2.1 Performance Characteristics
3.2.2  Physical Characteristics
3.2.3 Effectiveness Requirements
3.24 Reliability
3.2.5 Maintainability
3.2.6  Usability (Human Factors)
3.2.7 Supportability
3.2.8 Transportability/Mobility
3.2.9 Flexibility
3.2.10 Sustainability
3.2.11 Security
3.3 Design and Construction
33.1 CAD/CAM Requirements
3.3.2 Materials, Processes, and Parts
3.3.3 Mounting and Labeling
3.3.4 Electromagnetic Radiation
3.3.5 Safety
3.3.6 Interchangeability
3.3.7 Workmanship
3.3.8 Testability
3.3.9 Economic Feasibility
3.4 Documentation/Data
3.5 Logistics
3.5.1  Maintenance Requirements
3.5.2  Supply Support
3.5.3 Test and Support Equipment
3.5.4 Personnel and Training
3.5.5 Facilities and Equipment
3.5.6 Packaging, Handling, Storage. and Transportation
3.5.7 Computer Resources (Software)
3.5.8 Technical Data/Information
3.5.9 Customer Services
3.6 Producibility
3.7 Disposability
3.8 Affordability
Test and Evaluation

Quality Assurance Provisions
Distribution and Customer Service
Retirement and Material Recycling/Disposal
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Conceptual Design Review

Provides a formalized check of the proposed system
and subsystems designs with respect to specification
requirements

Provides a common baseline for all product personnel

Provides a means for solving interface problems and
promotes the assurance that all system elements will
be compatible

Provides a formalized record of what design decisions
were made and the reasons for making them

Promotes a higher probability of mature design, as
well as the incorporation of the latest technigues
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