IMI'__‘] J] [ |DE 25™ INTERNATIONAL CONGRESS OF THE AERONAUTICAL SCIENCE S

FORMULATION AND IMPL EMENTATION OF AN
AIRCRAFT — SYSTEM — SUBSYSTEM
INTERRELATIONSHIP MODEL FOR TECHNOLOGY
EVALUATION

Prof. Mavris D. N.*, Phan L. L.**, Dr. Garcia E.***
*Director, Aerospace Systems Design Laboratory (ASDL)Georgia Institute of Technology
**Graduate research assistant, ASDL ***Research engineer, ASDL

Keywords: technology integration, subsystem interactions

Abstract Further, a good comprehension of these
feedback and cross-subsystem constraints can
help prevent costly changes late in the design
process and provide guidance in the evaluation
of architecture alternatives. The choice of an
architecture with electrically-powered actuators,
for example, has consequences on the hydraulic
subsystem and the level of redundancy required.
Also, electric actuators may be heavier than
hydraulic ones but may still enable a
considerable reduction in aircraft weight as the
need for hydraulic lines is suppressed.

This kind of architecture tradeoff requires a
model that captures all the relevant interactions
1 Introduction between subsystems. This can also be helpful in

. . . . . the case of technology additions. Thus, it is
The design of aircraft subsystems is primarily essential, when a change is made on a
driven by the high-level requirements the o, qvqtem through technology insertion, to
?"fcraﬂ IMPOSES. I—_|oyvever, as subsystems grow comprehend the extent to which the system and
in complexity, their integration has become a o "gther subsystems are affected.  While
critical issue in aircraft design, as they can in gy qem engineers normally understand well how
turn impose constraints on other sub_systems asuch improvement a technology may bring to a
well as on the overall system - the a'FCfa“- For subsystem, they may find it difficult to foresee
example, after a subsystem is designed, thehoW the change will propagate to other

aircraft designer ml_ght realize that there is not subsystems and what further modifications will
enough volume to fit the subsystem and that the be required

subsystems layout might have to be redefined.

The integration of a new technology at the
subsystem level can have impacts on the system
level parameters that are difficult to assess. The
physical architecture of a commercial aircraft
and its subsystems is established in order to
develop an object-oriented framework for the
evaluation of new subsystem technologies.

This framework enables the designers to
model the subsystems and their interactions,
assemble them and perform design studies in an
interactive integrated environment.

These ‘feedback’ constraints, depicted in Figure r SYSTEM

1, are essential to understand as they can impact 4

the overall performance of the system. For System

instance, pneumatic subsystems require bleed Performance I 2

air from the engine high pressure compressor, Requirements 1
inducing an increase in engine volume and L |
weight in order to continue providing the SUBSYSTEMS

required thrust.
Figure 1: Subsystem feedback
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2 Aircraft Physical Architecture visualized in a block diagram called
‘specification tree’ [3]. There are numerous
ways to decompose a system into smaller
subsystems. For this study, the specification tree
was created so that it could relate to the index
published by the Air Transport Association
(ATA), the ATA Specification 100 [4], already
widely accepted within the aerospace

The study of the relationship between the
aircraft and its subsystems constitutes the core
of the discipline called ‘systems engineering’
(SE). In the SE process three interconnected
activities  coexist: requirements analysis,
functional analysis and design synthesis [1]. A

premise of SE is that the overall system (here community. ATA Specification 100 divides the

the aircraft) should be regarded in a holistic . :
manner. Indeed, the aircraft, an assembly of f';urcraft subsystems into numbered chapters. The

interdependent subsystems that are designed tdn_dex ﬁOf rt]he_ AlTAl; chigters inc;]gdrcled i.“ tg'e
perform a particular function [2], should be aircralit physical -breakdown, which Wi N

considered as a whole. Each subsystem onlyde5|gnated by the term “subsystems”, is given in

exists to serve the aircraft and hence should not;hﬁ ?pﬁelnc:)l;(. IE dordr(ler tfotrt]ake_rln:oﬂact%ougtTtAr\le
be treated individually, but within its unctional breakdown ot the aircraft, the

environment. Chféptlers \ﬂ/e(;eu groupetd” into mtgrmedlatg
Thus one of the first activities in ModUles called 'segments, as can be seen in

architecture design consists of decomposing the Figure 2.
aircraft into its main subsystems and
establishing the underlying hierarchy. The
physical breakdown of the system can be

AIRCRAFT
v ! v
AIRFRAME SYSTEMS STRUCTURE POWER PLANT1
— Environment Segment — Performance & Stability Structure |— Engine Operation & Performance
|_ ATA Chapters = ATA Chapters |_ ATA Chapters
(21,30,35,36) (54,55,57) (72,73,74,76,78,80)
— Interiors Segment L— Passenger & Cargo Accomodation— Engine Cooling & Accessories

Structure
|_ ATA Chapters L L

(25,26,33,38) ATA Chapters ATA Chapters
(52,53,56) (52,53,56)

— Power Generation/Supply

|_ ATA Chapters
(24,28,29,49)

L—— Mechanical Segment

L

ATA Chapters
(27,32)

Figure 2: Aircraft physical breakdown: specification tree
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3 Aircraft Subsystems and Interfaces It is worth noting that the labels ‘supplier’
and ‘client’ relate to the considered flow. Thus,
a subsystem may be a supplier of a flow as well
as a client of another flow. Because a flow is by
definition a quantity related to the
communication between two subsystems during
the operation of the aircraft, it is a type of
variable parameter. The variable parameters that
do not fall into the flow category are called

A subsystem (ATA chapter) is described by
several properties. Firstly, it performs one or
several functions that contribute to the
realization of the higher-level function of the
segment to which the subsystem belongs. For
example, the functions of the pneumatic
subsystem (ATA 36) are to provide and manage
the distribution of pneumatic power. : i
Among the attributes that define the state of operational parametersas they des_crlbe the
a subsystem, a distinction can be made between>at of the _subsystem during operation.
Identifying and documenting all the

static attributes and the ones that will vary . LY. . i
interfaces within the overall system is essential

through the mission. The static attributes, or for th f 2 desi ot H ;
characteristic parametersare the outcome of or the Success o a design project. However, or
complex systems like aircraft, it may become

the design of the subsystem and are sufficient to ‘o simplifv th del 4'in the first
describe the subsystem taken out of its operatingm:“\ces":‘alry O SImplity the model used in the 1irs
phases of the design process by considering

environment. They include quantities such as v th ¢ sianificant interf 6l Th
weight, volume, or maximum electrical power only the most signiticant inter aces_[ ]. These
can be divided into six main categories:

output. The attributes of the subsystem that will .
vary during operation are thevariable E'ec”'c"?" power
parameters ] Hydraullc_ power
The subsystems communicate with each * Pneumatic power
other by means of interfaces. An interface is a " Mechanical
common boundary between two objects. " Heat
Following the nomenclature used by the " Data and command
Systems Modeling Language (SysML) [5],
which is a _mod(_eling language tailored f_or 4 Requirements and Constraints
systems engineering, the parameter associated ] _
to the information conveyed by an interface is AS Stated in section 2, one of the fundamental
called aflow. From the subsystem perspective, activities of systems engineering is the _anaIyS|s
a flow can either be an input, in which case the ©f requirements. The whole set of requirements
subsystem is a client, or an output, in which that apply to a system is sometimes considered
case the subsystem is a supplier. This is @S One type of system architecture. At t_he top of
illustrated in Figure 3, where subsystem A (for thls_ archlt(_ecture lie the customer requirements,
example ATA 24 - Electrical power) is the Which define important aspects of the design
supplier of the flow (AC current) to the client B Such as the mission, the payload or range of
(ATA 27 - Flight controls). A port is the operatlon. Starting _W|th these top-level
interaction point of a subsystem through which requirements, the design process goes through a

information flows to/from another subsystem. ~ Series of design phases from conceptual to
detailed design (cf. Figure 4), each of which

results in a set of more specific requirements

Subsystem A | 7 N\ 1 Subsystem B and specifications that the next design phase
w should fulffill [7]. Eventually, the top-level
Port/ requirements are broken down in_to requirements
interface that the subsystems and the interfaces must
meet.

Figure 3: Subsystem interface
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aircraft class is the aggregation of the subsystem

. 1
Mission |
1 = General arrangement & performance

1

1
1
1 Requirements
1

___________ ! = Representative configuration classes. Because the latter share some structural
v L General exemal layout . properties, they derive from a common parent
Conceptual 1 Conceptual : . Syst(_am specifications “ " N
P ! TBaseline 1 " Detailed subsystems class, the class “Subsystem”, as represented in
Design ] ! = Internal arrangements .
—— L----- v ! = Process design Figure 6.
= Optimizaton =~ ——} ¥ -
* Parametric Preliminary ' Allocated | Offline modeling of Analysis and
* Istlevel analysis Design -»: Baseline | = ] subsystems simulation
e e e e e —— 1 =
= Sophisticated analysi v g
= Problem decomposition Detailed § ~
= Multidisciplinary ; L
= Optimization Design \
Figure 4: Design process \
Subsystem requirements generally concern \\_/

the subsystem characteristic parameters, while

database

the interface requirements are associated to the Figure 5: Distributed design environment
operating conditions of the system. For

example, the flight control subsystem may

impose an interface requirement on the amount

of electrical power that the electrical power

subsystem needs to supply. The subsystem

imposing the requirement is said to be the

masterwhether that subsystem is the supplier or

the client for the flow. Conversely, the other [ ATA Chapter 1 | [ ATA Chapter 2| [ ATA Chater 3 | [ ATA Chepter 4
subsystem in that flow, meeting the requirement
imposed, is called theervant

5 Object-oriented Modeling and Simulation ) _ S
Eramework Figure 6: Top-level class diagram, simplified

With the increasing computing capabilities _Each subsystem class defines string
offered to the designer, it is now possible to aitributes for the functions that the
model the design with better fidelity. By nature, corresponding ATA chapter performs, real
object-oriented languages enable the designer tonumber  attributes for the characteristic
create a virtual model of the system that closely Parameters, and attributes describing input and
matches the reality of the physical architecture Output interface flows, of the type “Interface”,
of the vehicle [8]. Further, the modular aspect of Which is a custom-defined class. Because an
object-oriented programming suits the growing interface is a common boundary between two
need for a distributed modeling and simulation Subsystems, two interacting subsystems will
environment where parts can be defined offline have interface attributes that point to the same
by third-tier designers and then integrated in a interface objects, as described in Figure 7. In

common platform for analysis, as illustrated in this figure, the connection between ATAL and
Figure 5. ATA2 is done through the flow parameters

ATAl.outFlow_12 1 and ATA2.inFlow_12 1,

which in fact point to the same object
flow_12 1 of the class Interface. Thus, any
The transposition of the physical architecture of change in the output flow from ATA1 is

the aircraft into an object-oriented model is automatically reflected on the input flow of
straight forward: each block of the physical ATAZ2.

breakdown is modeled by a class, and the

5.1 Class Structure
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Virtual Simulator, the designer can evaluate

candidate technologies for insertion
reference aircraft. The methodology for

The class Interface defines a certain teéchnology evaluation in  the integrated
number of important attributes present in any €nvironment described above is represented in

Figure 7: "ATA chapter"” class diagrams

TECHNOLOGY EVALUATION

ATA 1 ATA2 aircraft sizing or subsystem detail analysis and
Functions Functions: H H F H
T T design. It allows for interactivity with the
fanc_1_2 type Sting fanc_3_2: type Sting designer, who can change the values of the
Chat. parameters: Chat. parameters: ot
I 3.1 type Douts subsystem  characteristics ~ or  resource
thar_1_2 type Double cher_2_2: type Doubls requirements and instantly visualize the impact
S SRR of these changes on the other parameters
op_1_1:type Double op_2_1:type Double B . .
op_1_2 type Double 5_2_2: type Doubls without having to manage multiple platforms.
B — B — Once the aircraft is fully assembled in the
outFlow_12_1:type Interface inFlow_12_1: type Interface

interface object. First and foremost, it contains Figure 8.

the value of the flow. The other attributes

include parameters pointing to the supplier, the
client, and the master. If the client subsystem
defines an interface requirement (a demand on
the value of the flow), the interface object needs
to be provided with the name and location of the
function defining that requirement. Also, the

Interface class defines a string attribute that
describes the type of interface (electrical,

hydraulic, etc.).

5.2 Framework and Methodology

As hinted above, the object-oriented integrated
framework for technology impact evaluation
consists of three main components, borrowing
from the domain of knowledge engineering [9].
The first component of the framework is the
“Subsystem Modeler”, used by the designer to
define and model the various subsystems as well
as the system parameters of the overall aircraft.
This is done *“offline”, prior to the technology
evaluation study, and can be distributed across
the different stakeholders of the subsystem
design process. Hence the need for the second
component of the framework, the “Subsystem
Library”, which stores the various subsystems in
a central database. The third component, the
“Virtual Simulator”, allows the designer to load
the subsystems from the Subsystem Library,
instantiate and assemble them, and connect
them to the aircratft.

The Virtual Simulator component offers an
integrated environment where the designer may
call external “expert tools” for purposes such as

Aircraft characteristics
Subsystem characteristics

y

Subsyster
Modeler

Subsystem models

Subsysten
Library

Subsystem models

A
Virtual Simulato

Load aircraft
Load subsystems
Insert technology
Fly aircraft
Verify requirements
Compute requirements
Visualiz‘(i impacts

New system
requirements

Aircraft Sizing ~
and Synthesis [*

Figure 8: Integrated technology evaluation
framework and methodology

in the
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To evaluate the impact of a subsystem model complex systems and their subsystems
technology on the overall system and on the offline. The modeling phase can be distributed
interacting subsystems, the designer first inserts across several different terminals. Among the
the technology by loading a set of values for the many predefined object constructs used in
characteristics of the newly changed subsystem. Pacelab, the Engineering Object (EO) is the
This assumes that the impact of the technology most fundamental one and constitutes the
on all the characteristics of the subsystem haselementary building block of any Pacelab
been previously well evaluated and that it does model. An EO is a class defined by parameters,
not vary once the upgraded subsystem is the formulas that describe the mathematical
connected to the other subsystems. The nextrelationships between them, and methods that
step is then to simulate the operation of the define operations on the parameters. Moreover,
aircraft through the different phases of a mission an EO can be comprised of other EOs, thus
previously defined. During this step, the yielding larger assemblies of EOs. When
behavior of the interfaces is monitored and the references are properly added, an EO can have
Virtual Simulator verifies that the different access to the parameters of other EOs. The
requirements and constraints are met. Thus, oneobject-oriented aircraft modeling framework,
outcome is the amount of power resources that developed for this paper, defines the Aircraft
the supplier subsystems need to provide to their EO as an assembly of ATA chapter EOs. The
clients. More generally, the output of this interfaces are also modeled as EOs included as
simulation of flight operation is a new set of components of the Aircraft system. The flow
requirements that the system-level parametersvalue of an interface is defined as a parameter of
need to fulfill. In order to determine the impact that interface, and is then transmitted to the
on all the considered system parameters, thesecorresponding output parameter of the supplier
requirements are then passed on to an aircraftand to the corresponding input parameter of the
sizing and synthesis tool, which, given a design client. The requirement for a flow is defined via
mission and a geometry, sizes the aircraft and a formula inside the master subsystem. The
returns the new values of the system parameters.formula takes as arguments the mission phase

and operating conditions (normal or
emergency), thus taking into account the
6 Implementation and Example of criticality of a subsystem.
Technology Evaluation The Subsystem Library is handled by

Instead of implementing the proposed Pacelab’'s Knowledge Server, a tool that
framework by creating a tool coded in an mManages Structured Query Language (SQL)
object-oriented language such as JAVA or C#, adatabases and libraries of EOs. Finally, the
different alternative was chosen. Indeed, the Virtual ~ Simulator builds on Pacelab’s
authors took advantage of the Pacelab Suite Engineering Workbench, which provides the
[10], a knowledge-based engineering platform design engineer with a visual interactive
coded in C# that already had the built-in environment where EOs can be loaded from the
capabilities to support the implementation of the Knowledge  Server. ~ The  Engineering
three component object-oriented framework Workbench possesses a mathematical engine
mentioned in the previous section. Indeed, the that automatically updates the values of all the
Pacelab Suite, developed by Pace, consists ofParameters of the model when a change is made.
three interacting modules: the Knowledge For example, when the requirement on an
Designer, the Knowledge Server and the €lectrical power input for a subsystem increases,
Engineering Workbench. the value of the corresponding flow is

The Knowledge Designer, which served as automatically increased so that the value of the
the basis for the Subsystem Modeler, is a visual output flow of the supplier (ATA 24 — Electrical
environment that allows the design engineer to Power) matches the demand.
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as its parameters. There the design

in the Engineering Workbench can be visualized engineer can manually input new values of the
in Figure 9. As one can see, it is divided into subsystem parameters that are not governed by a
three main panels (a, b, c in the figure) and eachformula. Another tab contained in panel (b) is
contains several tabs. In the first panel (a), the the “Functions” tab, which lists all the functions
user can load and visualize the aircraft system, applicable to the selected system or subsystem.

its subsystems, and the interfaces.

The panelFor example, if the Aircraft system is selected in
also contains a tab where the content of the panel

(@), the function “Fly_Aircraft”,

Subsystem Library can be visualized. From this previously defined in the Subsystem Modeler,
tab, all the available subsystems along with the becomes visible. When launched, this function
technologies that they implement can be loaded performs the different mission segments and

and inserted into the instance of the aircraft records

currently under study.

the resulting flow values and

requirements in a text output file. It also checks

The second panel (b) includes a tab named that all design requirements are verified and that
“Properties”, which lists the properties of the no constraints are violated. In the case where
system or subsystem selected in panel (a), asthis fails, a warning is returned and written into

|m.[ Pacelab Engineering Workbench [Run] - AircraftWorkspace L._J@ﬁ
Ele Edt iew Project  Tools  Window  Help
elzmcs B x|oel 9 e s mmnn
AlrcraftPraject 08 % ®] Hil View q4bx
= _tﬁg aircraftProject | Birerat d
[Z] Dynamic Parameters (a) |
| Dynamic Relations .
El é A::craft TheATAZ1_Air Conditio (=] Thellow 21_24 elecinc =] TheATA?4 Hleciricd
' . nirg alPower’C
@ TheATA21_Air_Conditioning_1 L
. it
@ TheATA2Z_Automatic_Flight_1 =
@ TheATAZ3_Communications_1 maxOutPowertC
@ TheATaz4_Electrical_L (B inBlectricalPower/C 34
@ TheATA2S_Equipment_Furnishing_1 . = :
7 i e —T outBlectrical Power!
@ TheATaz6_Fire_Protection_{ reqinElectrical PowerAC_24
@ TheaTaz? Flight_Controls_1
o T - missionFhase
: Tl R F reqinElecnicalPowerhC_24 g 4 Frequency §
TheaTaza Hydraulic_1
@ ThenTA30_lce_Rain_Protection_L - h
b reginElectrical PowerAC_24_takeofl dimb 4
@ TheaTa31_Indicating_Recording_1 HerticalPawete.
@ TheaTas2_Landing_Gear_1 24 il
@ ThenTnss Lights 1 reqlnElectricalPowerAC_24_cuise

@ TheaTA34_Navigation 1

@ TheaTa3s_Oxygen_1

@ TheATA36_Prieumatic_1

@ TheATA37_Varuum_Pressure_1

} reglnElectricalPoweriC_24_descent landing {

g
@ TheATASE Water_Waste_1
@ TheaTA4_puxiiary_Power 1 el
B A |

2 Workepse [ fircraftPro. | Fo Repostory |
| Froperties o x|

@ A =

e A

i = (C)
|B Position 0,0,0 B
|[ *_Direction 1,0,0

_Direction 0,1,0
|E Z_Direction 0,0,1 type

=

TheATA35_Peumatic
power F frequency ]
THEKTA71_80_Engine
= Shapes
(b)
L P ﬂ o System successfully solved, ﬂ
Component Name 4 _.1
[ AircraftProject - Solver Diagnosis ;x|

_\:f Propetties |°ﬂ Functions |

I Save Al - Succeedsd
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Figure 9: Virtual Simulator integrated environment in thedtab Engineering Workbench
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the output file. For instance, if the candidate comprehend the interrelationship between two
technology for insertion into a reference aircraft subsystems, or to visualize the parameters
is an electrically powered Air Conditioning directly depending on a particular one. In Figure
subsystem (ATA 21) eliminating the need for 9, the relationship between the electrical power
bleed air extraction from the engine (ATA 71 to received by the Air Conditioning subsystem
ATA 80), the result of the Fly_Aircraft function (inElectricalPowerAC_24) and the electrical
may show that the Electrical Power subsystem power supplied by the Electrical Power
(ATA 24) has too little power available to subsystem (outElectricalPowerAC_21) is
match its clients’ increased needs. The output highlighted. One can see that both parameters
file will then contain new electrical and are set to the value of the parameter “power”
pneumatic power requirements that may be useddefined in the interface
by analysis tools in order to size the electric flow_21 24 ElectricalPowerAC. The latter
generators. After the engine is resized, the parameter is given the value of the power
updated engine characteristics may be fed to anrequirement defined in the Air Conditioning
aircraft sizing tool such as the NASA developed subsystem (ATA 21).

FLight OPtimization System (FLOPS), which

will compute the new values of the aircraft _

range and other aircraft level metrics, thus 7 Conclusion

quantifying the impact of the insertion of a The challenges posed by the study of the
“more electric” air conditioning subsystem. technology impact at the subsystem level on the
Finally, the third panel (c) of the Virtual aijrcraft system necessitate the development of
Simulator integrated environment provides the new tools for systems integrators and design
design engineer with an interactive graphical engineers. Indeed, the complexity of the
view of the model. Each subsystem is interactions among the subsystems, and between
represented by an expandable box contained inthese and the overall system can easily render of
the larger box representing the overall Aircraft the integration of a promising technology less
system. When expanded, a subsystem boXtransparent, to the point where the designer
shows a collection of rectangles, each of which might not realize its full implications for the
refers to a subsystem parameter. For example,system until late in the design process. In order
in Figure 9, the box corresponding to the to respond to this need for more efficiency in

Electrical ~ Power  subsystem  (labeled the design effort, a framework for technology
theATA24_Electrical) contains a rectangle for evaluation was developed.

the weight of the subsystem and another one First, a functional and physical

representing the power of the alternative current decomposition of a typical commercial aircraft
supplied to the ATA 21 - Air Conditioning was made using the ATA 100 specification for
subsystem (outElectricalPowerAC_21). When a the subsystem definitions. In conformance to
parameter value is changed, the underlying standard systems engineering practices, the
mathematical engine updates the depending main parameters of the subsystems as well as
parameters. A parameter with a value that is Up the major interfaces between the subsystems
to date will see its corresponding box colored in were identified. Requirements and constraints
green in panel (c), and colored in pink in the \ere also defined.

opposite case. Thus, during the study, it is easy =~ Once a satisfactory model of the aircraft
to determine which parameters fail to have their was established, a methodology for the
values updated. evaluation of the impact of a technology

When a parameter refers to another insertion was formulated. This methodology
parameter of the model, their respective puilds on a three-fold object-oriented

rectangles are graphically connected to eachframework that allows for the distributed,
other via a thin line that the designer can choose offline definition of individual subsystems in

to highlight during the study in order to
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the Subsystem Modeler, for the storage of a research group, Fairuz Romli, Cyril de Tenorio,
subsystem database managed by the Subsysterand Michael Sielemann.

Library, and for the “run-time” assembly of Also, special gratitude is expressed
subsystem models in the Virtual Simulator. This towards Airbus and Pace for their support.
latter module simulates the operation of the

aircraft during the major mission segments in

order to track the behavior of the various ApPpPendix:the ATA chapters included in the

interfaces. The resulting new set of model

requirements, such as electrical power required AIRFRAME SYSTEMS
from the Electrical Power subsystem, can then | chapter No. Subsystem
be fed to an aircraft analysis tool in order to 21 Air Conditioning
determine the impact on the aircraft-level 22 Auto Flight
parameters. 23 Communications
This object-oriented framework was 24 Electrical Power
implemented in the Pacelab Suite, which offered 25 Equipment and Furnishings
graphical features and a mathematical engine 26 Fire Protection
that proved helpful to create an interactive, 27 Flight Controls
integrated and modular design environment. 28 Fuel
This paper reflects the status of a work still 29 Hydraulic Power
in progress. The framework enabling the 30 Ice and Rain Protection
modeling of the aircraft and its subsystems has 31 Indicating and Recording
been developed. However, the proposed 32 Landing Gear
methodology still needs to be fully validated. 33 Lights _
This will require defining a sample aircratft, by 34 Navigation
assigning pertinent values for all its system- 35 Oxygen _
. 36 Pneumatic
level and subsystem parameters. A candidate 4 Waste
technology, for which the localized impact on ZS Xvat.e.r an
. uxiliary Power
the su_bsystem parameters will havg been STRUCTURES
determined, will then be evaluated using the Chapter No. Subsystem
methodology. The_latter may then b_e_ extended 50 Doors and Openings
and automated in order to faciltate the 53 Fuselage
evaluation of a technology portfolio. The 54 Nacelles and Pylons
physical decomposition of the aircraft may also 55 Empennages
be refined such that the ATA chapter 56 Windows
subsystems, currently the deeper level of the 57 Wings
architecture, may be modeled as an aggregation POWER PLANT
of physical components should the need for | Chapter No. Subsystem
such detail arise. The concepts and methods 71 Power Plant
presented in this paper should be applicable 72 (T) Engine - Turbine
regardless of the level of aircraft decomposition 73 Engine Fuel and Control
chosen, providing transparency to the 74 Ignition
implementation of new technologies and 75 Bleed Air
architectures. 76 Engine Controls
77 Engine Indicating
78 Engine Exhaust
Acknowledgments 79 Engine Oil
80 Engine Starting
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