(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
4 March 2004 (04.03.2004)

TN
LAl
¥
WIPOT
AT

(10) International Publication Number

WO 2004/019235 A2

GO6F 17/30

(51) International Patent Classification’:

(21) International Application Number:
PCT/US2003/026551

(22) International Filing Date: 26 August 2003 (26.08.2003)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

10/228,622 26 August 2002 (26.08.2002) US

(71) Applicant: HONEYWELL INTERNATIONAL INC.
[US/US]; 101 Columbia Road, P.O. Box 2245, Morris-
town, NJ 07960 (US).

(72) Inventors: FELKE, Timothy, J.; 5736 W. Windrose
Drive, Glendale, AZ 85304 (US). VAN DER ZWEEP,
Jeff, J.; 7728 W. Carlota Lane, Peoria, AZ 85383 (US).
STONE, John, F.; 10356 E. El Moro Circle, Mesa, AZ
85208 (US). STINSON, Michael, W.; 24028 N. 65th
Avenue, Glendale, AZ 85310 (US). KOLBET, David, M.;
17915 N. 53rd Drive, Glendale, AZ 85308 (US).

(74) Agents: HOIRIIS, David et al.; Honeywell International
Inc., 101 Columbia Road, P.O. Box 2245, Morristown, NJ
07960 (US).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR,BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL,, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,
SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, UZ, VN, YU,
ZA, 7ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
Buropean patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HU, IE, IT, LU, MC, NL, PT, RO,
SE, SI, SK, TR), OAPI patent (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: A RELATIONAL DATABASE FOR MAINTENANCE INFORMATION FOR COMPLEX SYSTEMS

. THESAURUS ENTRES. . - . 28 . ]

S S— N S—— 1

ISOLATION
PROCEDURE

1
!
i
PN it 7

oy H
| i | OBSERVATION FAULT CODI
| 103 105
= a
- - -+

i
e R —

DEFERRAL
PROCEDURE [~

(Y3LdvHO V1v) ALNIC WALSAS

J

(1300 17n¥3) 3dAL ININAINDI

)

135

L

47019235 A2 | IO 0 OO O

(57) Abstract: A relational database is for relating maintenance information that differs for each of a plurality of complex systems,
such as a plurality of differing aircraft, using a common database structure so as to facilitate maintenance procedures for the plurality

& of complex systems. The database structure comprises: a plurality of primary entities for providing a fault model description of

020

each of the plurality of complex systems, the fault model description including, for each of the plurality of complex systems, failure
modes, symptoms and data required to effect a repair; and a categorical entity corresponding to a complex system, such as an aircraft,
that enables selection of the fault model description corresponding to the complex system or aircraft. The relational database is

g particularly suited for use in or by an aircraft maintenance and diagnostic system that assists with fault correction for a fault condition

within an aircraft based on a fault model for the aircraft.
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A RELATIONAL DATABASE FOR MAINTENANCE INFORMATION
FOR COMPLEX SYSTEMS

FIELD OF THE INVENTION
This invention relates to maintenance and service of complex systems and
more specifically a relational database and structure thereof for maintenance

information for use in maintenance of such systems.

BACKGROUND OF THE INVENTION

Complex systems comprising tens or hundreds of inter-related and inter-
operating systems and subsystems, many which may be complex in there own right,
present unique maintenance and service challenges. Examples of such complex
systems il}clude factories, major buildings, ocean-going vessels, power generation
plants, and aircraft to name a few. Complex systems and the inter-related and inter-
operational nature of the systems and subsystems thereof often require equally
complex and disciplined maintenance and service programs. These maintenance and
service programs usually include documentation or records of observed or indicated
irregularities or discrepancies and actions taken or services performed pursuant to
resolution or prevention of such irregularities and discrepancies. This documentation
is usually filled out, completed, or recorded by service and maintenance personnel.
Expert systems and tools that can standardize service and maintenance
documentation, diagnoses, procedures, cost estimates and so on are highly desirable
for the time savings and precision they can offer to an overall maintenance and
operational support program.

In the aircraft industry, for example, Fault Models have more recently been
developed as a means to assist with maintenance of an aircraft. A Fault Model is a
set of data items that represent the elements of a complex system, such as an aircraft,
their failure modes, the symptoms produced by those failure modes and other
information as required to allow an automated reasoning system to use the data to
assist maintenance personnel in the maintenance and correction of operational
discrepancies of the complex system. Fault Models have been successfully produced
as a bi-product of the engineering development of a new system. For example, this

was accomplished for the Boeing 777 Aircraft. The 777 Engineering Development
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process included significant additional controls to ensure that fault isolation data was
captured in a structure that allowed the production of an accurate fault model.
Development of earlier aircraft as well as the development of most other complex
systems did not include a rigorous approach to the capture of fault isolation data. The
777 Fault model has significant limitations not the least of which is that it only works
for 777 aircraft. A typical US airline will have several major fleets, such as a Boeing
757 and Airbus A320 fleets, and a dozen or more sub-fleets, such as 757-27A and
757-27B sub-fleets. In addition, the configuration of the aircraft changes over time to
incorporate safety, reliability and passenger comfort improvements.

Furthermore the 777 Model offers little or no guidance with respect to fault
isolation, does not handle updates to the equipment in an orderly fashion, and does
not assist maintenance personnel in generating structured inputs, among others.
Clearly a need exists for relational databases and structures thereof that are broadly
applicable to differing complex systems, such as different aircraft, for assistance with

maintenance of the complex systems.
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SUMMARY OF THE INVENTION

The present invention in varying scope is a relational database for relating
maintenance information that differs for each of a plurality of complex systems using
a common database structure so as to facilitate maintenance procedures for the
plurality of complex systems. JOne aspect of the invention is a computer based
aircraft maintenance and diagnostic system for assistance with fault correction for a
fault condition within an aircraft based on a fault model for the aircraft, the system
utilizing an inventive embodiment of a relational database.

In one aspect a relational database is defined for relating maintenance
information that differs for each of a plurality of complex systems, such as a plurality
of different aircraft, using a common database structure so as to facilitate
maintenance procedures for the plurality of complex systems. The database structure
comprises: a plurality of primary entities for providing a fault model description of
each of the plurality of complex systems, the fault model description including, for
each of the plurality of complex systems, failure modes, symptoms and data required
to effect a repair; and a categorical entity corresponding to a complex system that
enables selection of the fault model description corresponding to the complex system.
The categorical entity may further include a complex system type and a set of tags
that cross reference relevant information within the plurality of primary entities that
correspond to the complex system type or a thesaurus entity that facilitates a user’s
interface to the relational database by providing a relationship between words used
interchangeably in complex system maintenance. This arrangement and common
database structure advantageously provides a new fault model description for a new
complex system by entering only new information corresponding to the new complex
system in the plurality of primary entities and the categorical entity.

In further detail the plurality of primary entities may further include one or
more of: an observation entity that includes one of a user reported and automatically
reported indication of a problem indexed to an observation code; a fault code entity
including a fault code for each distinct set of observation codes that indicate a

problem with a system of the complex system; a subsystem entity that includes a
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subsystem corresponding to one or more fault codes and one of a corresponding list
of repairs, list of isolation procedures, and list of deferral procedures, the subsystem
entity may be further arranged to consolidate a plurality of fault codes and when each
fault code results in the same maintenance procedure indicating that maintenance
procedure without resolving a specific fault code; a isolation entity including isolation
procedures each having one or more outcomes; or an outcome entity having outcomes
with each of the outcomes associated with one isolation procedures and one or more
repairs wherein an interactive process of performing isolation procedures with
resultant outcomes will resolve the one or more repairs to a specific repair.

In differing scope a relational database is defined. for relating maintenance
information that differs for each of a plurality of complex systems using a common
database structure so as to facilitate maintenance procedures for the plurality of
complex systems. Here the database structure comprises: a categorical entity
corresponding to a complex system that enables selection of a fault model description
corresponding to the complex system; and a plurality of primary entities for providing
the fault model description corresponding to the complex system selected according
to the categorical entity from a plurality of fault model descriptions of the plurality of
complex systems, the plurality of fault model descriptions including, for each of the
plurality of complex systems, failure modes, symptoms and data required to effect a
repair; wherein the plurality of primary entities facilitate classification of a fault
condition and then fault isolation and repair procedures to correct the fault condition.
The plurality of primary entities may further include one of a procedure entity and a
document reference entity that correlate with known maintenance procedures. The
categorical entity may further include a thesaurus entity that facilitates conversion of
unstructured user inputs into structured inputs or a change package entity that
identifies a set of changes for the complex system and optionally controls when the
set of changes becomes active for the complex system.

In another inventive aspect an aircraft maintenance and diagnostic system is
defined for assistance with fault correction for a fault condition within an aircraft
based on a fault model for the aircraft. The system comprises: a user interface; a
computer, coupled to the user interface, having a processor and memory for storing

software instructions and a relational database; the processor executing the software
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instructions to process information to facilitate the identification and correction of the
fault condition within the aircraft according to a fault model defined by the relational

database where the relational database is defined above.
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying figures, where like reference numerals refer to identical or
functionally similar elements throughout the separate views and which together with
the detailed description below are incorporated in and form part of the specification,
serve to further illustrate various embodiments and to explain various principles and

advantages all in accordance with the present invention.

FIG. 1 depicts an entity relationship diagram of a preferred relational database
structure for assistance in maintenance activities for a complex system according to

the present invention;

FIG. 2 to FIG. 18 depict, for the entities shown in the entity relationship

diagram of FIG. 1, preferred data dictionaries according to the present invention; and

FIG. 19 depicts an exemplary system diagram of a preferred embodiment of

an aircraft maintenance and diagnostic system according to the present invention.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENT

In overview form the present disclosure concerns and relates to systems for
service, maintenance, and diagnostic support of complex systems and more
specifically the disclosure relates to an inventive relational database and structure
thereof for relating maintenance information that differs and evolves for each of a
plurality of complex systems using a common database structure as well as methods
and apparatus using the relational database for assisting with fault diagnoses and
correction for fault conditions or failure modes within such differing and evolving
complex systems. More particularly various inventive concepts and principles
embodied in the relational database and structure thereof providing for or allowing
efficient and systematic fault correction for complex systems are discussed. The
complex systems of particular interest are those associated with aircraft, however the
concepts and principles discussed herein will be equally applicable to other complex
systems such as those noted earlier.

As further discussed below various inventive principles and combinations
thereof are advantageously employed to facilitate maintenance procedures and
activities, specifically including fault diagnoses or classification, fault isolation, and
fault repair in a manner that incorporates and thus learns from historical diagnostic,
classification, or isolation information, such as previous activities regarding similar
fault conditions or failure modes. This data is, preferably, incorporated into fault
models for the relevant and differing and evolving complex systems, thus alleviating
various problems, such as imprecise service and maintenance actions and
descriptions, inflexibility or lack of adaptability, and the excess costs associated with
known maintenance systems while still facilitating quality service, maintenance, and
diagnostic activities and more precise labor, time, and cost estimates that will result
from the more systematic isolation of faults and thus forecasts of requisite repairs and
actions that are enabled by appropriate and consistent procedures.

The instant disclosure is provided to further explain in an enabliﬁg fashion
methodologies and techniques for making and using various embodiments in
accordance with the present invention as well as the best modes of practicing the

invention as contemplated by the inventor. The disclosure is further offered to
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enhance an understanding and appreciation for the inventive principles and
advantages thereof, rather than to limit in any manner the invention. The invention is
defined solely by the appended claims including any amendments made during the
pendency of this application and all equivalents of those claims as issued.

It is further understood that the use of relational terms, if any, such as first and
second, top and bottom, and the like are used solely to distinguish one from another
entity or action without necessarily requiring or implying any actual such relationship
or order between such entities or actions. Much of the inventive functionality and
many of the inventive principles are implemented with or in software programs or
instructions. It is expected that one of ordinary skill, notwithstanding possibly
significant effort and many design choices motivated by, for example, available time,
current technology, and economic considerations, when guided by the concepts and
principles disclosed herein will be readily.capable of generating such software
instructions and programs with minimal experimentation. Therefore, in the interest of
brevity and minimization of any risk of obscuring the principles and concepts
according to the present invention, further discussion of such software, if any, will be
limited to higher level principles and concepts as employed or applied to or by the
preferred embodiments.

In the interest of developing some common conventions we will briefly
review fault models and fault classification and isolation conventions. A Fault Model
for an aircraft or other complex system, preferably, is a relational database that
identifies the failure modes of the aircraft and the symptoms that each failure mode or
fault condition produces. The symptoms are defined as either Observations or Test
Results. Observations are the set of symptoms that are readily apparent to a
technician without running a test procedure or attaching supplemental equipment,
such as the test cart, to the aircraft or other complex system. Test Results are the set
of symptoms that can only be discovered by running a test procedure or attaching
supplemental equipment to the aircraft. Fault Classification only uses Observations
to determine the Fault Code. An inventive method and apparatus for fault
classification is disclosed in co-pending patent application titled METHOD AND
APPARATUS FOR IMPROVING FAULT CLASSIFICATIONS by Felke et al
assigned to the same assignee as here and bearing attorney docket number H0003237,
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which application is incorporated herein by reference in its entirety. As noted earlier
fault codes are a means to summarize the set of symptoms or syndrome reported for
each distinct fault condition or failure mode. Given a previously and properly
determined fault code, fault isolation uses test results to determine the best repair
sequence and methodology. An inventive method and apparatus for fault Isolation is
disclosed in co-pending patent application titled METHOD AND APPARATUS FOR
IMPROVING FAULT ISOLATION by Felke et al. assigned to the same assignee as
here and bearing attorney docket number H0003239, which application is
incorporated herein by reference in its entirety. The above co-pending applications
discuss the use of a relational database in the complex syétem maintenance field.

Referring to FIG. 1 an entity relationship diagram of a preferred relational
database structure for assistance in maintenance activities for a complex system will
be discussed and described. Initially we will review some important aspects required
of a relational database for storing and relating maintenance information for differing
and evolving complex systems. Various economic and regulatory considerations
constrain the structure of a relational database for assisting with maintenance
activities. Such a database is sometimes referred to as a Fault Model. The more
significant constraints and some reasons therefore with respect to the structure of the
relational database are listed below in the context of the aircraft industry. Operators
of a fleet of Aircraft (or other collection of complex systems) need a relational
database that provides functional and operational commonality across their entire
fleet. The structure of the database or fault model must provide an efficient
mechanism to represent small variations in individual aircraft (or other instances of
the system being maintained) when the individual instances are part of a larger set of
instances that are substantially the same (as in a fleet of aircraft that are the same
model but all have different modification levels applied).

The structure of the database or fault model should support a two-step
maintenance program, where the first step is the classification of the fault condition in
order to determine its severity and operational impact and the second step is fault
isolation and thus repair or correction of the fault condition. The structure of the
database should facilitate or identify the minimum amount of data collection required

by the operator in order to support the classification and isolation activities in order to
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minimize the corresponding operational costs. The structure of the relational
database or fault model should have a high degree of correspondence or correlation
with the existing maintenance procedures and maintenance program conceptual
entities in order to minimize its cost of introduction and to ensure regulatory
compliance for all activities recommended by the diagnostic system based on the
model.

The structure of the relational database or fault model must allow for efficient
generation of user interactions and provide assistance to the user to convert their
unstructured observations regarding the nature of a fault condition into structured data
that can be used for accurate fault diagnosis, reliability analysis and the prioritization
of operational improvement programs. The structure of the Fault Model should allow
for efficient production of the fault model data from engineering data, historical data
and/ or existing maintenance procedures. The structure of the fault model or
relational database should allow for efficient automated update based on actual
operational experience. The structure of the fault model should provide for efficient
manual update based on changes to the configuration of the system being maintained
or the recognition by the operator of a need for greater diagnostic accuracy for part of
the system. The structure of the relational database should allow for control of the
revision of its contents and the ability to synchronize the fault model with changes to
source maintenance manuals and engineering data.

Referring to FIG. 1 and the high level entity relationship diagram for the
relational database structure depicts a mechanism for relating maintenance
information in a digital representation of failure modes of the system to be
maintained, the symptoms of those failure modes and the operational restrictions
associated with each failure mode during the period while it is being corrected. The
entities of the structure that provide storage for this type of data are referred to as
primary entities. The relational database organization or structure also includes
entities that organize the information in the primary entities by categorizing them by
their applicability to differing types of equipment, organizing them through a system
hierarchy and providing key-word indices to simplify user access. The entities of the
structure that provide storage for this type of data are referred to as categorical

entities. In FIG. 1, the categorical entities include the entities designated with
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reference numerals 127 — 135 while the others are primary entities. The connecting
lines in FIG. 1 show the relationships between the entities where the differences in
line style are merely to aid in following the lines from one entity to another.
Generally the arrowheads in FIG. 1 point toward the subservient one of the entities
although numerous exceptions can be identified.

The relational database shown in FIG. 1 is for relating maintenance

information that differs for each of a plurality of complex systems, such as different
aircraft or different versions of an aircraft using a common database structure so as to
facilitate maintenance procedures for the plurality of complex systems. The relational
database and structure thereof includes or comprises a plurality of primary entities for
providing a fault model description of each of the plurality of complex systems,
where the fault model description includes, for each of the plurality of complex
systems, failure modes, symptoms and data required to effect a repair; and a
categorical entity corresponding to each one of the complex systems where selecting
the appropriate value for this categorical entity enables selection of the fault model
description corresponding to the appropriate one of the complex systems.
Next we will describe and briefly discuss the various primary entities, their purpose
and their structure. It is important to recognize that the primary entities provide
storage for a fault model description of the failure modes of the plurality of differing
and evolving complex systems to be maintained, their symptoms and the additional
data, such as documents, etc. required to minimize the operational impact of the
failure and correct it as efficiently as possible.

More specifically, FIG. 1 shows an Observations entity 103 that includes
readily available indicators of a problem, including warning messages displayed via a
computer system and indications that were felt, heard or visually observed. All
Observations in the system are stored in a set of relational tables with the properties
noted in FIG. 2. From the FIG. 2 data dictionary for observation entity 103, each
observation will include an easily indexed ID or user identifier, a common key that is
a global identifier that indicates the source of the particular observation, an
observation code that is a standardized code associated with each observation
reported manually by the operator or automatically via an onboard monitoring

system, a fault model identifier for the particular equipment type, a change package
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identifier for the change package or equipment revision that produced the specific
observation, list of systems within the particular equipment for which this observation
is relevant, list of effectivity tags applicable for this observation, as well as key words
that may be used to index this observation. Note that the meaning of some of the
terms above will become clear with the discussions below. The reader will note
many of the above relationships and more by a cursory review of the lines in the FIG.
1 entity relationship diagram.

Another entity is a Fault code entity 105 that stores various fault codes that
each represents a distinct set of observations that indicate a specific problem within a
particular system for one or more equipment types. Each fault code must have a
unique set of one or more observations associated with it. For some types of complex
systems, such as certain aircraft, the fault codes are often explicitly listed in the
maintenance manuals. For other types of aircraft, Fault Codes are derived based on
the sets of symptoms that result in distinct maintenance actions. All Fault Codes in
the system are stored in a set of relational tables with the properties shown in the data
dictionary of FIG. 3. The FIG. 3 data dictionary for the Fault code entity 105
includes many of the same or analogous properties including the ID, common key,
fault model, change package, system codes, effectivity tags, and key words. In
addition a descriptive title for the user to view is included along with a listing of
observations for the fault code and a co-occurrence count of the number of times each
observation has occurred with this fault code.

Another primary entity in the relational database depicted in FIG. 1 is a
subsystem entity 107. The subsystem entity stores a plurality of subsystems where
each refers to an individual functional system within a fault model to which
troubleshooting can easily be applied to find and repair a problem or fault. Each
subsystem can be associated with 1 or more fault codes. Each subsystem can be used
to consolidate several fault codes. Advantageously when all or many of these fault
codes result in the same maintenance activity, such as a repair or other outcome, the
relational database or interface thereto will suggest to the operator that this
maintenance activity be undertaken without finally resolving the fault code (finally
classifying the underlying fault condition). A sub system is associated with all known

repair procedures that have the possibility of fixing the problem in the system. A sub
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system may be associated with one or more deferral procedures that can defer repairs
on sub system until a later time. A subsystem may also be associated with isolation
procedures that can be used to reduce a list of possible repairs down to one specific
repair. All subsystems in the system are stored in the subsystem entity 107 in a set of
relational tables or data dictionary with the properties noted in FIG. 4. The FIG. 4
data dictionary for the subsystem entity 107 includes many of the same or analogous
properties noted above including the ID, common key, descriptive title, fault model,
change package, system codes, effectivity tags, and key words. In addition a listing
of fault codes (FC List) for each subsystem, a list of repairs (RP_List) for the
subsystem, co-occurrence count of each repair with the subsystem, a list of isolation
procedures corresponding to the subsystem, and a list of deferral procedures for the

subsystem.
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A further primary entity is an Isolation procedures entity 109. Isolation
procedures are testing procedures and the like that are used by sub systems to reduce
a list of many possible repair procedures to 1 or more specific repair procedures that
must be completed to fix a problem in the complex system or aircraft. The isolation
procedures as will be further noted below are not only listed for each subsystem but
are modeled with possible outcomes. Each isolation procedure can be associated with
one or more sub systems. An isolation procedure will also be associated with one or
more outcomes, which indicate possible results of the testing indicated by the
isolation procedure. An isolation procedure may also be linked to many outcomes
indicating that a different isolation procedure referencing the current isolation
procedure is the next step in troubleshooting the problem. Every isolation procedure
must be associated with at least one Effectivity tag. An isolation procedure may have
one or more document references associated with it. All Isolation Procedures in the
system are stored in a set of relational tables with the properties indicated in the data
dictionary for Isolation Procedures depicted in FIG. 5. The data dictionary of FIG. 5
shows many of the same or analogous properties noted above in addition to an
outcome list corresponding to each isolation procedure and a list of document

reference describing or relevant to the isolation procedure.

An additional primary entity that is part of the modeling associated with the
isolation procedures entity 109 as alluded to above is an outcome entity 111. An
outcome is a point within an isolation procedure where enough information has been
gathered on the fault condition or problem to exit that isolation procedure. There may
be several possible outcomes for each isolation procedure. The first is “No Fault
Found”, which indicates that the current procedure did not find a problem in the
system being tested. This outcome can indicate that there is no problem in the
system, however it usually eliminates a single isolation procedure from
troubleshooting a problem, thereby eliminating that isolation procedures repairs from
the list of possible repairs for the system. The second outcome type is recommending
another isolation procedure be run to further reduce the set of repairs. The final
outcome type indicates a specific set of one or more repairs that can be used to fix the
problem or fault condition in the system. Every outcome must be associated with at

least one Effectivity tag. All outcomes in the system are stored in a set of relational
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tables with the properties noted in the FIG. 6 data dictionary for the outcome entity
111. In addition to various same or analogous properties noted above and depicted in
FIG. 6 the outcome entity 111 includes a list of repairs for each outcome, a co-
occurrence count of each repair for each outcome, and a list of isolation procedures
associated with each outcome.

A further primary entity shown in FIG. 1 is a deferral procedures entity 113.
This entity stores deferral procedures where a deferral procedure is a procedure that
defers some maintenance activity or repair and thus enables the continued operation,
possibly under restrictions, of a system or aircraft without fixing the underlying fault
condition in the system. A deferral procedure typically also includes a time limit for
how long the equipment can be operated without correcting the underlying problem.
Deferral procedures can be associated with an observation or a subsystem. A
Deferral Procedure will usually have an associated document reference. A deferral
procedure must be associated with at least one Effectivity tag. All deferral
procedures in the system are each stored in a set of relational tables with the
properties noted in the FIG. 7 data dictionary for the deferral procedure entity 113.
Besides the various same or analogous properties noted earlier and depicted in FIG. 7,
the deferral procedure list relevant document elements describing the each particular
deferral procedure.

The next primary entity for the relational database is a repair procedure entity
115. Each repair procedure is a specific procedure used to resolve a problem or part
of a problem in a system. A repair procedure may be associated with one or more of
each of the following: Outcomes, FINs, sub systems and document references found
at the respective entities. A repair procedure must be associated with at least one
Effectivity tag. All Repair Procedures in the relational database and structure thereof
are each stored in a set of relational tables with the properties shown in the FIG. 8
data dictionary for the repair procedure entity 115. In addition to the various same or
analogous properties noted earlier and depicted in FIG. 8, the repair procedure entity
includes document references describing each repair procedure and a list of FINS
(location for a component) associated with each repair procedure.

Another primary entity is a Component Identifier entity, or FIN, where each

FIN is a codified representation of a location for a component within the complex
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system. A FIN differs from a Part in that a FIN identifies the location for a part for
which several different versions of the part, possibly from different manufacturers are
acceptable. An example of a FIN from common experience is the air-conditioning
unit on a home. The architectural drawings for the home will include details
concerning the required capacity and overall configuration of the unit but will not
typically include a specification of a single manufacturer or model. A FIN can be
associated with one or more repair procedures. FINs are associated with repair
procedures that reference them for servicing or replacement. A FIN must be
associated with at least 1 part (see below) and a FIN must be associated with at least
one Effectivity tag. All FINs in the system are stored in a set of relational tables with
the properties shown in the FIG. 9 data dictionary for the Component Identifier entity
117. In addition to the various same or analogous properties noted earlier and
depicted in FIG. 9, the Component Identifier entity 117 includes a parts list or list of
part that can be used in the location identified by the FIN.

A primary entity in FIG. 1 is the Parts entity 119. The parts entity includes or
represents the parts or components that go into the locations identified by FINS. The
same location can often fit parts supplied by multiple suppliers or multiple versions of
a part from a single supplier. A different manufacturer generally makes each
different part for a given location. A given part can also be used in multiple locations
within the system. A part must have at least one of each of the following: FIN,
document reference and Effectivity tag. All Parts in the system are stored in a set of
relational tables with the properties shown in the FIG. 10 data dictionary for each
component within the parts entity 119. The data dictionary of FIG. 10 explains the
various properties for the parts entity 119

A further primary entity, shown in FIG. 1, is a Document Elements entity 121.
Document elements are used to link fault model entities to sections of a maintenance
or operational document. Nearly all maintenance actions on safety critical systems
such as aircraft are tightly controlled through the maintenance documents. The cross
referencing of all maintenance actions to their controlling documents is a highly
desirable feature of any maintenance support system for safety critical systems. A
document element may have one or more superceding document references. A

superceding document reference is one that replaces the prior one in whole. The old
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document reference should no longer be used. A document reference may have one
or more supporting document references. A supporting document reference is one
that provides additional information in conjunction with the prior document
reference. A document reference must have at least one Effectivity tag. All
Document Elements in the system are stored in a set of relational tables with the
properties shown in the FIG. 11 data dictionary for each document element with the
entity 121. A document element includes in addition to the various other same or
analogous properties a list of superceding documents and supplemental documents
and an identifier for the document to which the document element belongs.

An additional primary entity, in FIG. 1, is a Documents entity 123 that is used
to store programmatic and configuration management information about maintenance
and operational documents. Document entities record programmatic information
about how to open the viewer for the document and how to navigate to the Document
Elements contained by the Document. Document entities also record configuration
data such as the version number of the document and its effective date. All
Documents in the system are stored in a set of relational tables with the properties
depicted in the FIG. 12 data dictionary for each document. As noted in FIG 12, in
addition to the various same or analogous properties the data dictionary for the
documents entity 123 includes revision information for each relevant document,
location information, and invocation strings for opening a section of the document.

The final primary entity, shown in FIG. 1, is an Equipment entity 125. The
equipment entity is used to identify the top-level assemblies that are maintained by
the operator. For an airline, the aircraft as identified by tail number for example, are
the entries in the Equipment tables. One and only one Fault Model governs each
piece of equipment. Equipment information is used to identify the Effectivity Tags
that are valid for that piece of equipment. All Equipment entities in the system are
stored in a set of relational tables with the properties shown in the data dictionary of
FIG. 13.

This discussion concerns the remaining entities, shown in FIG. 1, specifically
the categorical entities, their purpose and their structure. It is important to recognize
the categorical entities provide storage for a set of entities that categorize the fault

model or relational database with respect to the equipment to which each primary
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entity is applicable, the key-words used to support entity look-up, and the change
package data that is used to control the revision to the primary entities.

One categorical entity is an Effectivity Tags entity that provides a mechanism
for categorizing the elements of the relational database that are applicable for each
complex system or aircraft. The effectivity tags entity 127 (see FIG. 1) allows
multiple systems that are essentially the same, but have minor differences in
configuration to be placed in the same relational database or fault model. Each
Effectivity Tag also records the equipment identifiers for which it is valid. The
accessors or users that retrieve data from the fault model always include an identifier
of the Equipment ID for the request. The equipment ID is used to find all of the
effectivity tags for the equipment that are then used to identify the primary elements
from the fault model that are valid for that equipment. All Effectivity Tags in the
system are stored in a set of relational tables with the properties indicated in the FIG.
14 data dictionary for the effectivity tags entity. The depicted data dictionary in view
of the above discussion is self-explanatory.

Further included, as a categorical entity is a thesaurus entity 129 as shown in
FIG. 1. The Thesaurus entity records the relationship between words and
abbreviations that are used synonymously in the maintenance environment. These
entities are linked to the various elements of the relational database or fault model in
order to support a search function that allows the user to enter a description of the
item they need using words that may or may not match the words used to name the
corresponding fault model items. All Thesaurus Entries in the system are stored in a
set of relational tables with the properties shown in the FIG. 15 data dictionary for the
thesaurus entity 129. These propertiés as shown include a synonym list of equivalent
entries, key words for text lookup, and the change package that produced the
thesaurus entity.

The relational database of FIG. 1 also contains a categorical entity known as a
change package entity 131. The change package entity includes information that
allows each entity to track its derivation from source data or its creation by an author.
This information allows elements to be modified in their source location (a technical
manual for example) and have those changes propagate into the corresponding items

in the relational database or fault model while preserving updates and links to those
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items made in the fault model. This mechanism also allows the personnel that are
responsible for the fault model to control the timing of the release of updates to the
fault model. Each change package effects information within a single fault model.
All Change Packages in the system are stored in a set of relational tables with the
properties shown in the FIG. 16 data dictionary for the change package entity 131.
As noted in FIG. 16 this information includes active status and a time when a change
package becomes active as well as the applicable equipment type or fault model.

Further included in FIG. 1 is a categorical entity known as a System Identifier
entity 133. System identifiers (Air Transport Association chapters for aircraft) are
used to divide the complex system or top-level assembly (a piece of equipment) into
its component systems and subsystems. System Identifiers are used to help the user
find information in the fault model. System Identifiers are organized hierarchically
so that a piece of equipment contains several systems, each system contains several
subsystems and each subsystem contains several tasks. All System Identifiers in the
system are stored in a set of relational tables with the properties depicted in the FIG.
17 data dictionary for the system identifier entity 133. As shown the data dictionary
includes a code for the relevant system, subsystem, or task and an identifier for the
next higher identifier as well as the applicable fault model.

The final entity, shown in FIG. 1, is a categorical entity known as an
Equipment Type entity 135 (a.k.a. Fault Models). This is a high level indication of
equipment type, such as 757 or 767 airframes. This entity is used to identify the
different types of equipment that are supported by the data in the relational database.
All Equipment Type entities in the system are stored in a set of relational tables with
the properties shown in the FIG. 18 data dictionary that includes a unique identifier
and title for the fault model or equipment type.

Thus FIG. 1 — FIG. 18 have shown a relational database and structure thereof
for relating maintenance information that differs for each of a plurality of complex
systems, such as aircraft, using a common database structure so as to facilitate
maintenance procedures for the plurality of complex systems. The relational database
or structure thereof comprises, as earlier noted, a plurality of primary entities for
providing a fault model description of each of the plurality of complex systems,

where the fault model description includes, for each of the plurality of complex
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systems, failure modes, symptoms and data required to effect a repair; and a
categorical entity (equipment type entity or effectivity tags) corresponding to a
complex system that enables selection of the fault model description corresponding to
the complex system. The categorical entity preferably includes a complex system
type and a set of tags that cross reference relevant information within the plurality of
primary entities where this information corresponds to the complex system type.
Advantageously, the common database structure provides a new fault model
description for a new complex system by entering only new information
corresponding to the new complex system in the plurality of primary entities and the
categorical entity (s). Often the amount of new information is much less than the
total amount of information.

The plurality of primary entities preferably includes an observation entity that
further includes either or both user reported and automatically reported observations
or indications of a problem indexed to an observation code. The plurality of primary
entities further include a fault code entity including a fault code for each distinct set
of observation codes that indicate a problem with a system or subsystem of the
complex system. Basically the observations, however made, allow a fault
classification that yields a fault code. The plurality of primary entities preferably
further include a subsystem entity that includes a subsystem corresponding to one or
more fault codes and one of a corresponding list of repairs, list of isolation
procedures, and list of deferral procedures related to the subsystem. The subsystem
entity is further arranged to provide for and consolidate a plurality of fault codes and
when each fault code results in the same maintenance procedure the user is shown or
the relational database otherwise indicates the maintenance procedure without the
extra time required for resolving a specific fault code. The plurality of primary
entities preferably further include an isolation entity including isolation procedures
each having one or more outcomes. The plurality of primary entities further include
an outcome entity having outcomes with each of the outcomes associated with one
isolation procedure and one or more repairs wherein an interactive process of
performing isolation procedures with resultant outcomes will resolve the one or more
repairs to a specific repair. Note that operator interactions with the relational

database is facilitated as preferably the categorical entity includes a thesaurus entity



10

15

20

25

30

WO 2004/019235 PCT/US2003/026551
21-

that facilitates a user’s interface to the relational database by providing a relationship
between words used interchangeably in complex system maintenance.

From a different perspective we have discussed a relational database for
relating maintenance information that differs for each of a plurality of complex
systems using a common database structure so as to facilitate maintenance procedures
for the plurality of complex systems. The relational database comprises a categorical

entity corresponding to a complex system that enables selection of a fault model

~ description corresponding to the complex system; and a plurality of primary entities

for providing the fault model description corresponding to the complex system
selected according to the categorical entity from a plurality of fault model
descriptions of the plurality of complex systems, where the plurality of fault model
descriptions includes, for each of the plurality of complex systems, failure modes,
symptoms and data required to effect a repair. The plurality of primary entities are
arranged to facilitate classification of a fault condition and then fault isolation and
repair procedures to correct the fault condition. The plurality of primary entities
preferably further include one of a procedure entity, such as isolation or repair entity,
and a document reference entity that correlate with known maintenance procedures.
Again here the categorical entity preferably further includes a thesaurus entity that
facilitates conversion of unstructured user inputs into structured inputs suitable for the
relational database or a change package entity that identifies a set of changes and
controls when the set of changes becomes active for the complex system or models
thereof.

FIG. 19 depicts, in an exemplary form, a functional block diagram of a
preferred embodiment of a computer based aircraft maintenance and diagnostic
system, in a contextual and exemplary environment, for facilitating maintenance
activities in an aircraft or other complex systems. More particularly, an aircraft
maintenance and diagnostic system 1900 for improved assistance with fault
classification, isolation, and correction for a fault condition within an aircraft 1901
based on a relational database or fault model 1903 for the aircraft is shown. The
system is computer based and includes a user interface 1905, such as a conventional
keyboard and monitor and possibly means (not shown) for coupling to separate

systems for downloading from the aircraft or other system failure mode or condition
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relevant data such as observed symptoms or test results. Further included is a known
computer 1907 that is coupled to the user interface and has memory 1909 for storing
software instructions 1910 and relational databases 1903 including the fault model
and preferably a port 1911 and a processor 1913. The port is suitable for coupling to
a Wide Area Network (WAN) 1915 such as the PSTN or Internet to provide access to
the system 1900 from a remote terminal 1917. The processor 1913 executes the
software program 1909 or instructions to process information to facilitate the
identification and correction of the fault condition or failure mode within the aircraft
1901according to the fault model defined by the relational database1903. The
relational database and structure thereof has been discussed above.

Generally the system 1900 is arranged and constructed so that a technician
1919 or maintenance and diagnostic personnel can make or collect observations and
conduct tests relevant to a discrepancy 1921, using for example a test cart (not
shown), and interact with the system via the user interface to atrive at the proper fault
classification and isolation, thus repair and maintenance procedures and the like.
Similarly a technician 1919 at the remote terminal 1917 or remote user could interact
with the system 1900 and be provided diagnostic support there from in order to make
appropriate fault isolations for remote aircraft 1923. In fact the aircraft may be
partially analyzed or diagnosed at one site and finally diagnosed at another.

The processes, discussed above, and the inventive principles thereof are
intended to and will alleviate problems, such as a multiplicity of relational databases
each corresponding to a different complex system such as an airframe and possible
inconsistent and time wasting maintenance activities and corrective actions or records
thereof caused by prior art diagnostic, maintenance and service procedures. Using
these relational database principles and concepts, delivery of maintenance service or
repairs will be simplified and service and maintenance estimations, projections, and
procedures and costs associated with inconsistent activities will be eliminated or
significantly reduced.

Various embodiments of methods, systems, and apparatus for fault isolation
with or without a corresponding fault model so as to facilitate and provide for
consistent and cost effective maintenance and service programs for complex systems

have been discussed and described. It is expected that these embodiments or others in
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accordance with the present invention will have application to many complex
systems. The disclosed principles and concepts extend to these systems and
specifically to methods employed for maintenance and service thereby and therein.
This disclosure is intended to explain how to fashion and use various embodiments in
accordance with the invention rather than to limit the true, intended, and fair scope
and spirit thereof. The invention is defined solely by the appended claims, as may be
amended during the pendency of this application for patent, and all equivalents

thereof.
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CLAIMS
What is claimed is:
1. A relational database for relating maintenance information that differs for

each of a plurality of complex systems using a common database structure so as to
facilitate maintenance procedures for the plurality of complex systems, the relational
database comprising:

a plurality of primary entities for providing a fault model description of each
of the plurality of complex systems, said fault model description including, for each
of the plurality of complex systems, failure modes, symptoms and data required to
effect a repair; and

a categorical entity corresponding to a complex system that enables selection

of the fault model description corresponding to the complex system.

2. The relational database of claim 1 wherein said categorical entity further
includes a complex system type and a set of tags that cross reference relevant

information within said plurality of primary entities that correspond to said complex

system type.

3. The relational database of claim 2 wherein the common database structure
provides a new fault model description for a new complex system by entering only
new information corresponding to said new complex system in said plurality of

primary entities and said categorical entity.

4. The relational database of claim 2 wherein said plurality of primary entities
further include an observation entity that includes one of a user reported and

automatically reported indication of a problem indexed to an observation code.

5. The relational database of claim 4 wherein said plurality of primary entities
further include a fault code entity including a fault code for each distinct set of

observation codes that indicate a problem with a system of said complex system.
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6. The relational database of claim 5 wherein said plurality of primary entities
further include a subsystem entity that includes a subsystem corresponding to one or
more fault codes and one of a corresponding list of repairs, list of isolation

procedures, and list of deferral procedures.

7. The relational database of claim 6 wherein said subsystem entity is further
arranged to consolidate a plurality of fault codes and when each fault code results in
the same maintenance procedure indicating said maintenance procedure without

resolving a specific fault code.

8. The relational database of claim 6 wherein said plurality of primary entities
further include a isolation entity including isolation procedures each having one or

more outcomes.

9. The relational database of claim 8 wherein said plurality of primary entities
further include an outcome entity having outcomes with each of said outcomes
associated with one isolation procedure and one or more repairs wherein an
interactive process of performing isolation procedures with resultant outcomes will

resolve said one or more repairs to a specific repair.

10.  The relational database of claim 1 wherein said categorical entity further
includes a thesaurus entity that facilitates a user’s interface to the relational database
by providing a relationship between words used interchangeably in complex system

maintenance.

11.  The relational database of claim 1 wherein the plurality of complex systems is

a plurality of different aircraft.
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12. A relational database for relating maintenance information that differs for
each of a plurality of complex systems using a common database structure so as to
facilitate maintenance procedures for the plurality of complex systems, the relational
database comprising:

a categorical entity corresponding to a complex system that enables selection
of a fault model description corresponding to said complex system; and

a plurality of primary entities for providing said fault model description
corresponding to said complex system selected according to said categorical entity
from a plurality of fault model descriptions of the plurality of complex systems, said
plurality of fault model descriptions including, for each of the plurality of complex
systems, failure modes, symptoms and data required to effect a repair;

wherein said plurality of primary entities facilitate classification of a fault

condition and then fault isolation and repair procedures to correct the fault condition.

13.  The relational database of claim 12 wherein said plurality of primary entities
further includes one of a procedure entity and a document reference entity that

correlate with known maintenance procedures.

14.  The relational database of claim 12 wherein said categorical entity further
includes a thesaurus entity that facilitates conversion of unstructured user inputs into

structured inputs.

15.  The relational database of claim 12 wherein said categorical entity further
includes a change package entity that identifies a set of changes for said complex

system.

16.  The relational database of claim 15 wherein said change package entity

further controls when said set of changes becomes active for said complex system.
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17.  An aircraft maintenance and diagnostic system for assistance with fault
correction for a fault condition within an aircraft based on a fault model for the
aircraft, the system comprising in combination:

a user interface;

a computer, coupled to the user interface, having a processor and memory for
storing software instructions and a relational database;

said processor executing said software instructions to process information to
facilitate the identification and correction of the fault condition within the aircraft
according to a fault model defined by said relational database;

said relational database for relating maintenance information that differs for
each of a plurality of aircraft using a common database structure sc; as to facilitate
maintenance procedures for the plurality of aircraft, the relational database
comprising:

a plurality of primary entities for providing a fault model description of each
of the plurality of aircraft, said fault model description including, for each of the
plurality of aircraft, failure modes, symptoms and data required to effect a repair; and

a categorical entity corresponding to the aircraft that enables selection of the

fault model description corresponding to the aircraft.

18.  The aircraft maintenance and diagnostic system of claim 17 wherein said
categorical entity further includes an aircraft type and a set of tags that cross reference
relevant information within said plurality of primary entities that correspond to said

aircraft type.

19.  The aircraft maintenance and diagnostic system of claim 18 wherein said
plurality of primary entities further include an observation entity that includes one of
a user reported and automatically reported indication of a problem indexed to an

observation code.
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20.  The aircraft maintenance and diagnostic system of claim 19 wherein said
plurality of primary entities further include a fault code entity including a fault code
for each distinct set of observation codes that indicate a problem with a system of said

aircraft.

21.  The aircraft maintenance and diagnostic system of claim 20 wherein said
plurality of primary entities further include a subsystem entity that includes a
subsystem corresponding to one or more fault codes and one of a corresponding list

of repairs, list of isolation procedures, and list of deferral procedures.

22.  The aircraft maintenance and diagnostic system of claim 21 wherein said
subsystem entity is further arranged to consolidate a plurality of fault codes and when
each fault code results in the same maintenance procedure indicating said

maintenance procedure without resolving a specific fault code.

23.  The aircraft maintenance and diagnostic system of claim 22 wherein said
plurality of primary entities further includes an isolation entity including isolation

procedures each having one or more outcomes.

24.  The aircraft maintenance and diagnostic system of claim 23 wherein said
plurality of primary entities further include an outcome entity having outcomes with
each of said outcomes associated with one isolation procedure and one or more
repairs wherein an interactive process of performing isolation procedures with

resultant outcomes will resolve said one or more repairs to a specific repair.

25.  The aircraft maintenance and diagnostic system of claim 17 wherein said
categorical entity further includes a thesaurus entity that facilitates a user’s interface
to the relational database by providing a relationship between words used

interchangeably in aircraft maintenance.
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OBSERVATIONS
. ID: UNIQUE IDENTIFIER, EASILY INDEXED
. COMMON_KEY: GLOBAL IDENTIFIER, INDICATING ITS SOURCE, NOT EASILY
INDEXED
. 0BSV_CODE: CODE FOR OBSERVATION FOR OPERATOR USING REPORTING
GUIDE OR AUTOMATIC REPORTING FROM MONITORING
SYSTEM
J CFAULT_MODEL:  IDENTIFIER FOR THE APPLICABLE EQUIPMENT TYPE (FAULT
MODEL)
. CHANGE _PACKAGE: IDENTIFIER FOR THE CHANGE PACKAGE THAT PRODUCED
THIS ENTITY
.SYSTEM_CODES:  LIST OF SYSTEMS FOR WHICH THIS OBSERVATION 1S
RELEVANT ‘
. EFF_TAGS: LIST OF EFFECTIVITY TAGS FOR WHICH THIS OBSERVATION
IS RELEVANT
|+ KEY_WORDS: LIST OF KEY WORDS THAT INDEX THIS ENTRY
FIG. 2
4 105
FAULT CODES =
. D: UNIQUE IDENTIFIER, EASILY INDEXED
. COMMON _KEY: GLOBAL IDENTIFIER, INDICATING ITS SOURCE, NOT EASILY
INDEXED
. FAULT__CODE: CODE FOR FAULT CODE FOR OPERATOR USING REPORTING
GUIDE
TITLE: TTLE FOR THE FAULT CODE WHEN VIEWED BY USER
. 0BS_LIST: LIST OF OBSERVATIONS FOR THIS FAULT CODE
. 0BS_COUNTS: CO-OCCURRENCE COUNT OF EACH OBSERVATION WITH
< THE FAULT CODE
JFAULT_MODEL: IDENTIFIER FOR THE APPLICABLE EQUIPMENT TYPE

(FAULT MODEL)
. CHANGE _PACKAGE: IDENTIFIER FOR THE CHANGE PACKAGE THAT PRODUCED

THIS ENTITY
« SYSTEM_CODES: LIST OF SYSTEMS FOR WHICH THIS FAULT CODE IS
RELEVANT
« EFF_TAGS: LIST OF EFFECTIVITY TAGS FOR WHICH THIS FAULT CODE
IS RELEVANT ,
_» KEY_WORDS LIST OF KEY WORDS THAT INDEX THIS ENTRY

FIG. 3
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THIS ENTITY

LIST OF SYSTEMS FOR WHICH THIS SUBSYSTEM IS
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LIST OF EFFECTIVITY TAGS FOR WHICH THIS SUBSYSTEM IS
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LIST OF KEY WORDS THAT INDEX THIS ENTRY
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UNIQUE IDENTIFIER, EASILY INDEXED

GLOBAL IDENTIFIER, INDICATING ITS SOURCE, NOT EASILY
INDEXED

TITLE FOR THE ISOLATION PROCEDURE WHEN VIEWED BY
USER

LIST OF QUTCOMES FOR THIS ISOLATION PROCEDURE

LIST OF DOCUMENT ELEMENTS DESCRIBING THE ISOLATION
PROCEDURE ‘

IDENTIFIER FOR THE APPLICABLE EQUIPMENT TYPE (FAULT
MODEL)

IDENTIFIER FOR THE CHANGE PACKAGE THAT PRODUCED
THIS ENTITY

LIST OF SYSTEMS FOR WHICH THIS ISOLATION
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- EFF_TAGS: LIST OF EFFECTIVITY TAGS FOR WHICH THIS ISOLATION
PROCEDURE IS RELEVANT
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OUTCOMES
.ID: UNIQUE IDENTIFIER, EASILY INDEXED
.COMMON_KEY:  GLOBAL IDENTIFIER, INDICATING ITS SOURCE, NOT EASILY
' INDEXED
. TITLE: TITLE FOR THE OUTCOME WHEN VIEWED BY USER
RP_LIST: LIST OF REPAIRS FOR THIS OUTCOME
. RP_COUNT: CO-OCCURRENCE COUNT OF EACH REPAR WITH THE
OUTCOME
JAP_LIST: LIST OF ISOLATION PROCEDURES ASSOCIATED WITH THIS

« FAULT_MODEL:
« CHANGE _PACKAGE:

« EFF_TAGS:
-
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IDENTIFIER FOR THE APPLICABLE EQUIPMENT TYPE (FAULT
MODEL)

IDENTIFIER FOR THE CHANGE PACKAGE THAT PRODUCED
THIS ENTITY

LIST OF EFFECTIVITY TAGS FOR WHICH THIS OUTCOME IS
RELEVANT
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COMPONENT IDENTIFIER (FIN)
. ID: UNIQUE IDENTIFIER, EASILY INDEXED
.COMMON_KEY:  GLOBAL IDENTIFIER, INDICATING ITS SOURCE, NOT EASILY
INDEXED
L TILE: TITLE FOR THE FIN WHEN VIEWED BY USER
. PARTS: LIST OF PARTS THAT CAN BE USED IN LOCATION
J IDENTIFIED BY THE FIN
FAULT_MODEL:  IDENTIFIER FOR THE APPLICABLE EQUIPMENT TYPE (FAULT
MODEL)
. CHANGE_PACKAGE: IDENTIFIER FOR THE CHANGE PACKAGE THAT PRODUCED
THIS ENTITY
.SYSTEM_CODES:  LIST OF SYSTEMS FOR WHICH THIS FIN IS RELEVANT
- EFF_TAGS: LIST OF EFFECTIVITY TAGS FOR WHICH THIS FIN IS
RELEVANT
|+ KEY_WORDS: LIST OF KEY WORDS THAT INDEX THIS ENTRY
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PARTS =
. 1D: UNIQUE IDENTIFIER, EASILY INDEXED
.COMMON_KEY:  GLOBAL IDENTIFIER, INDICATING ITS SOURCE, NOT EASILY
' INDEXED
TITLE: TITLE FOR THE PART WHEN VIEWED BY USER
. DOC_REFS: LIST OF DOCUMENT ELEMENTS DESCRIBING THE PART
< -FAULT_MODEL: ~IDENTIFIER FOR THE APPLICABLE EQUIPMENT TYPE (FAULT
MODEL)
. CHANGE _PACKAGE: IDENTIFIER FOR THE CHANGE PACKAGE THAT PRODUCED
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