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Copyright, user agreement and special usage rights

1 Copyright

Copyright © 2010, 2014, 2019, 2021 2023 AeroSpace, Security and Defense Industries
Association of Europe (ASD).

All rights reserved. No part of this document may be reproduced or transmitted in any form or by
any means, electronic or mechanical, including photocopying and recording, or by any
information storage or retrieval system, except as may be expressly permitted by the copyright
act or in writing by the publisher.

S3000L™ is a trademark owned by ASD.
All correspondence and queries should be directed to:

ASD
Rue du Tréne
1050 Brussels

Belgium

2 Agreement for use of the specification S3000L™ suite of
information

2.1 Definitions

The S3000L™ suite of information means, but is not limited to:

— the International procedure specification for Logistics Support Analysis LSA - S3000L
— S3000L XML schemas

— S3000L UML model

— examples (eg, XML instances, PDF files)

— the input data specification S3000X

— any other software or information on the page titled " Downloads" on the website

www.s3000l.org

Copyright holder means AeroSpace, Security and Defense Industries Association of Europe
(ASD).

2.2 Notice to user
By using all or any portion of S3000L ™ suite of information you accept the terms and
conditions of this user agreement.

This user agreement is enforceable against you and any legal entity that has obtained
S3000L™ suite of information or any portion thereof and on whose behalf it is used.

2.3 License to use
As long as you comply with the terms of this user agreement, the copyright holders grant to you
a non-exclusive license to use S3000L™ suite of information.

2.4 Intellectual property rights
S3000L™ suite of information is the intellectual property of and is owned by the copyright
holder. Except as expressly stated herein, this user agreement does not grant you any
intellectual property right in the S3000L™ suite of information and all rights not expressly
granted are reserved by the copyright holder.
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2.6

2.7

2.8

2.9

No modifications
You must not modify, adapt or translate, in whole or in part, S3000L™ suite of information.
You may however add business rules.

No warranty

S3000L™ suite of information is being delivered to you "as is". The copyright holder does not
warrant the performance or result you may obtain by using S3000L ™ suite of information. The
copyright holder makes no warranties, representations or indemnities, express or implied,
whether by statute, common law, custom, usage or otherwise as to any matter including without
limitation merchantability, integration, satisfactory quality, fitness for any particular purpose, or
non-infringement of third parties rights.

Limitation of liability

In no event will the copyright holder be liable to you for any damages, claims or costs
whatsoever or any consequential, indirect or incidental damages, or any lost profits or lost
savings or for any claim by a third party, even if the copyright holder has been advised of the
possibility of such damages, claims, costs, lost profits or lost savings.

Indemnity

You agree to defend, indemnify, and hold harmless the copyright holder and its parents and
affiliates and all of their employees, agents, directors, officers, proprietors, partners,
representatives, shareholders, servants, attorneys, predecessors, successors, assigns, and
those who have worked on the preparation, publication or distribution of the S3000L™ suite of
information from and against any and all claims, proceedings, damages, injuries, liabilities,
losses, costs, and expenses (including reasonable attorneys' fees and litigation expenses),
relating to or arising from your use of the S3000L™ suite of information or any breach by you
of this user agreement.

Governing law and arbitration
This user agreement will be governed by and construed in accordance with the laws of the
Kingdom of Belgium.

In the event of any dispute, controversy or claim arising out of or in connection with this user
agreement, or the breach, termination or invalidity thereof, the parties agree to submit the
matter to settlement proceedings under the ICC (International Chamber of Commerce) ADR
rules. If the dispute has not been settled pursuant to the said rules within 45 days following the
filing of a request for Alternative Dispute Resolution (ADR) or within such other period as the
parties may agree in writing, such dispute shall be finally settled under the rules of arbitration of
the International Chamber of Commerce by three arbitrators appointed in accordance with the
said rules of arbitration. All related proceedings should be at the place of the ICC in Paris,
France.

The language to be used in the arbitral proceedings shall be English.

Special usage rights

Permission to use, reference, or deliver training from the information contained in this
document, and in the S-Series IPS Specifications, and the right to reproduce or publish the S-
Series IPS Specifications, in whole or in part, is hereby given to the following:

1 National Associations who are members of ASD and all their member companies.
2 Members of Aerospace Industries Association of America.

3 Armed Forces that are customers of Companies included in these special usage rights
Categories 1 and 2 inclusively.
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4  Ministries and Departments of Defense of the member countries of ASD, AIA, NATO, and
NATO Partners.

5 NATO bodies, organizations & agencies.
6 The industries of ASD, AIA, NATO’s nations, and NATO’s Partners.

7 Universities, Educational Institution, Technologies and Research Institutes within ASD, AlA,
NATO nations and NATO Partners.
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This issue includes updates to the Copyright, user agreement and special usage rights
only. There have been no technical changes in this issue. The highlights below are those of
the 2021 Block Release.
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Table 1 References
Chap No./Document No. Title
S1000D International specification for technical publications using a
common source database
S4000P International specification for developing and continuously
improving preventive maintenance
S6000T International specification for training analysis and design
SX000i International specification for Integrated Product Support
(IPS)
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SX002D Common data model for the S-Series IPS Specifications

SX004G Unified Modeling Language (UML) model reader’s
guidance

1 General

Changes that are included in this issue 2.0 of S3000L are results from improvements in existing
processes and the introduction of new content in several chapters. Additionally, the S3000L
data model was updated in line with the common data model of the S-Series IPS Specifications,
which is documented in SX002D.

2 Technical and editorial changes

Technical and editorial changes are not change marked in this issue 2.0 of S3000L. Any
editorial changes are not described in the highlight pages.

3 Content

Highlights of changes to chapters 1 to 22 are provided in the following tables:

— chapter 1 - Introduction to the specification, refer to Table 2

— chapter 2 - General requirements, refer to Table 3

— chapter 3 - LSA process, refer to Table 4

— chapter 4 - Product structures and change management in LSA, refer to Table 5
— chapter 5 - Influence on design, refer to Table 6

— chapter 6 - Human factors analysis, refer to Table 7

— chapter 7 - Corrective maintenance analysis, refer to Table 8

— chapter 8 - Damage and special event analysis, refer to Table 9

— chapter 9 - Operational support analysis, refer to Table 10

— chapter 10 - Development of a preventive maintenance program, refer to Table 11
— chapter 11 - Level of repair analysis, refer to Table 12

— chapter 12 - Task requirements and maintenance task analysis, refer to Table 13
— chapter 13 - Software support analysis, refer to Table 14

— chapter 14 - Life cycle cost considerations, refer to Table 15

— chapter 15 - Obsolescence analysis Table 16

— chapter 16 - Disposal, refer to Table 17

— chapter 17 - In-service LSA, refer to Table 18

— chapter 18 - Interrelations to other S-Series IPS specifications, refer to Table 19
— chapter 19 - Data model, refer to Table 20

— chapter 20 - Data exchange, refer to Table 21

— chapter 21 - Terms, abbreviations and acronyms, refer to Table 22

— chapter 22 - Data element list, refer to Table 23

Table 2 Introduction to the specification

Chapter Summary of changes
Chap 1 - clarification added regarding S3000L compliance and logistics support vs. logistic
support
Applicable to: All S3000L-A-00-00-0000-00A-00UA-A
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Table 3 General requirements

Chapter Summary of changes
Chap 2 - term "LSA Guidance Conference Document (LSA GCD)" was changed to "LSA

Guidance Document (LSA GD)" in general
- term "implementation rules" was changed to "business rules" in the LSA GD

- term "scheduled maintenance" was changed to "preventive maintenance" in general
(in some cases, the term scheduled maintenance is kept in the context of preventive
maintenance tasks which are able to schedule based on repeated intervals)

- reference to logistic/logistics was replaced by product support

- additional paragraph listing the relevant Unit of Functionality (UoF) from Chap 19 for
the population of LSA data which are an outcome of Chap 2

Table 4 LSA process

Chapter Summary of changes
Chap 3 - general clarification of the further usage of the terms "logistics" and "supportability"

within the specification
- improvement and completion of relations to the IPS elements

- improvement and completion of content concerning event driven corrective and
preventive maintenance in the context of FMEA, special event analysis and
Preventive Maintenance Analysis (PMA), including the harmonization of wording
according to S4000P

- adaption of wording to harmonize with Chap 19

- additional paragraph listing the relevant UoF from Chap 19 for the population of LSA
data which are an outcome of Chap 3

Table 5 Product structures and change management in LSA

Chapter Summary of changes
Chap 4 - chapter was completely reworked to clearly explain the full capabilities for the

generation of different product breakdown structures, including breakdown element
realization, part lists and product variant aspects

- establishing a logical chapter structure based on Units of Functionality (UoF) of
Chap 19 enabling traceability with the S3000L data model

- rework of change management aspects for a better understanding of how S3000L
supports change management processes and how it impacts the LSA process

- generating additional illustrations and rework of existing illustrations from S3000L,
issue 1.1, for a better understanding of product breakdown structure and change
management concepts

- additional paragraph listing the relevant UoF from Chap 19 for the population of LSA
data which are an outcome of Chap 4

Applicable to: All S3000L-A-00-00-0000-00A-00UA-A
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Table 6 Influence on design

Chapter Summary of changes
Chap 5 - no major technical changes in Chap 5, only editorial rework

- additional paragraph listing the relevant UoF from Chap 19 for the population of LSA
data which are an outcome of Chap 5

Table 7 Human factors analysis

Chapter Summary of changes
Chap 6 - no major technical changes in Chap 6, only editorial rework

Table 8 Corrective maintenance analysis

Chapter Summary of changes
Chap 7 - clarification added about the objectives and perimeter of the chapter

- separation of the main paragraph into two separate paragraphs to distinguish
corrective maintenance on the Product and corrective maintenance on equipment at
workshop after it has been removed from the Product

- clarification added about the type of input (FMEA) and the process in each case

- additional paragraph listing the relevant UoF from Chap 19 for the population of LSA
data which are an outcome of Chap 7

Table 9 Damage and special event analysis

Chapter Summary of changes
Chap 8 - separation of special event analysis and damage analysis

- clarification of special event process to be consistent and complementary to
corresponding paragraphs dedicated to special events in S4000P

- clarification of damage analysis as an independent process with the following steps:
identification of damage with different inputs, assessment of damage relevance,
analysis of acceptable damage size and repair procedure

- additional paragraph listing the relevant UoF from Chap 19 for the population of LSA
data which are an outcome of Chap 8

Table 10 Operational support analysis

Chapter Summary of changes
Chap 9 - no major technical changes in Chap 9, only editorial rework

- additional paragraph listing the relevant UoF from Chap 19 for the population of LSA
data which are an outcome of Chap 9
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Table 11 Development of a preventive maintenance program

Chapter Summary of changes
Chap 10 - harmonization of terminology with S4000P, focusing on different classes of Preventive

Maintenance Task Requirements (PMTR), Preventive Maintenance Task
Requirement Interval (PMTRI) for a PMTR based on an interval and Preventive
Maintenance Task Requirement Event (PMTRE) for PMTR after the occurrence of a
special event

harmonization of terminology with Chap 19 in the context of time limits, thresholds
and triggers

inclusion of an interval adaption example in the context of preventive maintenance
packaging

additional paragraph listing the relevant UOF from Chap 19 for the population of LSA
data which are an outcome of Chap 10

Table 12 Level of repair analysis

Chapter Summary of changes
Chap 11 - clarification of the term maintenance level in the context of personnel competence,

facilities or support equipment available

inclusion of an additional sub paragraph on the definition of operational concept as
part of data gathering for Level of Repair Analysis (LORA)

additional paragraph listing the relevant UoF from Chap 19 for the population of LSA
data which are an outcome of Chap 11

Table 13 Task requirements and maintenance task analysis

Chapter Summary of changes
Chap 12 - extension and improvement of the explanation of the task requirements approach

(each rectifying task needs to be justified by at least one task requirement)
improvement of the presentation of the task categorization

rework of the task documentation paragraphs referring to the representation of the
UoF (refer to Chap 19) covering the aspects of Maintenance Task Analysis (MTA)

adding a paragraph to describe the data model capability to document required circuit
breaker settings to perform a task

complete rework of maintenance task examples (deletion of misleading figures in the
paragraph)

extended adaption of wording to harmonize with Chap 19

additional paragraph listing the relevant UoF from Chap 19 for the population of LSA
data which are an outcome of Chap 12

Applicable to: All
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Table 14 Software support analysis

Chapter Summary of changes
Chap 13 - improvement of the explanation, which software related tasks are relevant and to be

included in LSA activities from a supportability point of view
- adaption of wording to harmonize with the data model chapter 19

- additional paragraph listing the relevant UoF from Chap 19 for the population of LSA
data which are an outcome of Chap 13

Table 15 Life cycle cost considerations

Chapter Summary of changes
Chap 14 - inclusion of the synchronization of LCC analysis between contractor and customer

software tools

- additional paragraph listing the relevant UoF from Chap 19 for the population of LSA
data which are an outcome of Chap 14

Table 16 Obsolescence analysis

Chapter Summary of changes
Chap 15 - reorganization of the paragraphs for better readability

- alignment of the phases definitions with SX000i and relevant chapters/paragraphs

- inclusion of additional concepts and references (eg, Registration, Evaluation,
Authorization and Restriction of Chemicals (REACH))

- additional paragraph listing the relevant UoF from Chap 19 for the population of LSA
data which are an outcome of Chap 15

Table 17 Disposal

Chapter Summary of changes
Chap 16 - former chapter number 17 from S3000L, issue 1.1, is now chapter number 16. In-
service LSA chapter was shifted to chapter number 17, refer to Table 18.
Note

Disposal aspects are applicable during all life cycle phases of the product and provide
task requirements. Logical sequence of the chapters was changed to have all
procedural chapters providing task requirements before the In-service LSA chapter.

- harmonization of terminology within chapter figures

- additional paragraph listing the relevant UoF from Chap 19 for the population of LSA
data which are an outcome of Chap 16

Applicable to: All S3000L-A-00-00-0000-00A-00UA-A
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Table 18 In-service LSA

Chapter Summary of changes
Chap 17 - former chapter number 16 from S3000L, issue 1.1, is now chapter number 17. In-

service LSA chapter was shifted to chapter number 17, refer to Table 17.
- complete rework of in-service LSA chapter
- rework of definition of in-service LSA activities

- inclusion of flowcharts and explaining descriptions to start an In-Service Support
Optimization (ISSO) process

- definition of ISSO analysis process subdivided by different support task types,
including flowcharts and basic analysis questions for each support task type
- inclusion of a detailed ISSO analysis logic to analyze a disposal task as an example

Note
The example includes detailed flowchart diagrams as an example how to prepare
such analysis baselines within an ISSO guidance document.

- rework of ISSO follow on phase

- additional paragraph listing the relevant UoF from Chap 19 for the population of LSA
data which are an outcome of Chap 17

Table 19 Interrelations to other S-Series IPS specifications

Chapter Summary of changes
Chap 18 - restructure of chapter paragraphs to provide a better overview

-  S-Series IPS Specifications completed by adding S6000T

- rework of the interface description to engineering and supportability engineering

Table 20 Data model

Chapter Summary of changes
Chap 19 - removal of introduction paragraphs on how to read UML models
Note

The content of the introduction about how to read UML models is covered by the
specification SX004G.

Applicable to: All S3000L-A-00-00-0000-00A-00UA-A
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Chapter Summary of changes

The part of Chap 19 which contains the graphical representations and descriptions of the
respective Units of Functionality (UoF) has been reworked. Many changes were driven
by the harmonization with SX002D, issue 2.1. In this context, changes were incorporated
like:

- updated representations of classes, attributes and relationships (including cardinality)
inside many UoF

- renaming of classes or attributes

- separation of specific aspects within former UoF of S3000L (issue 1.1) to their own
UoF

- splitting of some UoF into several UoF to simplify and improve readability of the data
model

Note
Detailed changes like renaming, changes of classes and attributes, changes of
relationships, changes of cardinalities, changes in graphical representation, editorial
changes, which were incorporated to the single UoF are not mentioned in this
highlights chapter.

Additionally, new UoF were created to support new subjects from the procedural
chapters 2 to 17.

In the following listing, a general overview concerning changes is given for each single
UoF of S3000L, issue 2.1
- UoF Aggregated Element

Incorporation of minor editorial changes.

- UoF Applicability Statement
Incorporation of minor changes to simplify the reading and implementation of the data
model. Incorporation of changes to harmonize with SX002D, issue 2.1.

- UoF Breakdown Structure

Incorporation of changes to harmonize with SX002D, issue 2.1. The one significant
change that has been introduced is the possibility to define relationships between
breakdown revisions (BreakdownRevisionRelationship).

- UoF Change Information
New UoF to allow for traceability of authorized changes. This change is harmonized
with SX002D, issue 2.1.

- UoF Circuit Breaker
New UoF for the separated representation of circuit breakers. This change is driven
by the harmonization with SX002D, issue 2.1.

- UoF Competence Definition

New UoF for the separated representation of competence definitions. This UoF
includes a portion of the previous UoF Task Resources in S3000L, issue 1.1.
Changes are driven by the harmonization with SX002D, issue 2.1, and S6000T issue
2.0.

Applicable to: All S3000L-A-00-00-0000-00A-00UA-A
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Chapter Summary of changes

UoF Damage Definition

New UoF for the separated representation of damages. This UoF includes a portion of
the previous UoF Special Event and Damage in S3000L, issue 1.1. This change is
harmonized with SX002D, issue 2.1 and has been part of the harmonization with
S4000P.

UoF Decision Tree Template Definition

New UoF to support in-service LSA. Changes are driven by the completely reworked
content of the in-service LSA, Chap 17. This change is harmonized with SX002D,
issue 2.1.

UoF Design Change Request

New UoF for the separated representation of a design change request. This UoF
includes a portion of the previous UoF LSA Candidate Task Requirement in S3000L,
issue 1.1. This change is driven by the harmonization with SX002D, issue 2.1.

UoF Digital File

New UoF to support the exchange of digital files as part of the data set. This change
is harmonized with SX002D, issue 2.1.

UoF Document

Incorporation of minor changes to harmonize with S1000D. The one significant
change that has been introduced is that any class in the data model now can define
references to documents. This change is harmonized with SX002D, issue 2.1.

UoF Environment Definition

New UoF to add capabilities for the definition of concepts included in the UoF Product
Usage Context, for task definitions and applicability statements. This change is
harmonized with SX002D, issue 2.1.

UoF Facility

New UoF for the separated representation of facilities and includes portions of the
previous UoF Product Usage Context in S3000L, issue 1.1. This change is
harmonized with SX002D, issue 2.1.

UoF Failure Mode

New UoF for the separated representation of failure modes. This UoF includes a
portion of the previous UoF LSA Failure Mode in S3000L, issue 1.1. Changes are
driven by harmonization with S4000P and modifications within Chap 7 how to use
FMEA data in the context of corrective maintenance analysis.

UoF Failure Mode Isolation

New UoF for the separated representation of failure modes. This UoF includes a
portion of the previous UoF LSA Failure Mode in S3000L, issue 1.1. Changes are
driven by harmonization with S4000P and modifications within Chap 7 how to use
FMEA data in the context of corrective maintenance analysis.

UoF Failure Mode Symptom

New UoF for the separated representation of failure modes. This UoF includes a
portion of the previous UoF LSA Failure Mode in S3000L, issue 1.1. Changes are
driven by harmonization with S4000P and modifications within Chap 7 how to use
FMEA data in the context of corrective maintenance analysis.

Applicable to: All
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Chapter Summary of changes

- UoF Hardware Element
New UoF for the separated representation of a hardware element. Changes are
driven by the harmonization with SX002D, issue 2.1.

- UoF In Service Optimization Analysis
New UoF to support in-service LSA. Changes are driven by the completely reworked
content of the in-service LSA, Chap 17. This change is harmonized with SX002D,
issue 2.1.

- UoF Location
New UoF to provide additional capabilities for the definition of an operating base and
a maintenance facility. This change is driven by the harmonization with SX002D,
issue 2.1.

- UoF Logistics Support Analysis Message Content
New UoF to support data exchange. Creation of UoF is driven by harmonization with
SX002D, issue 2.1, and by the need to define the structure for the S3000L XML data
set.

- UoF LSA Candidate
New UoF to replace the previous UoF LSA Candidate Analysis Activity and portions
of the previous UoF LSA Candidate Item in S3000L, issue 1.1. Changes are driven by
the harmonization with SX002D, issue 2.1.

- UoF LSA Failure Mode Group
New UoF for the separated representation of failure modes. This UoF includes a
portion of the previous UoF LSA Failure Mode in S3000L issue 1.1. Changes are
driven by harmonization with S4000P and modifications within Chap 7 how to use
FMEA data in the context of corrective maintenance analysis.

- UoF Message
New UoF to support data exchange. Creation of UoF is driven by harmonization with
SX002D, issue 2.1.

- UoF Organization Assignment
The one significant change that has been introduced is that any class in the data
model now can define references to organizations. This change is harmonized with
SX002D, issue 2.1.

- UoF Part Definition
Incorporation of additional classes/attributes and changes of attribute names.
Changes are driven by harmonization with SX002D, issue 2.1. The one significant
change that has been introduced is that parts lists now have explicit revisions.

- UoF Performance Parameter
New UoF to replace portions of the previous UoF LSA Candidate in S3000L, issue
1.1. Creation of UoF is driven by harmonization with SX002D, issue 2.1.

- UoF Product and Project

Incorporation of minor changes. Changes are driven by the harmonization with
SX002D, issue 2.1.

Applicable to: All S3000L-A-00-00-0000-00A-00UA-A
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Chapter Summary of changes

- UoF Product Design Configuration
Representation of this UoF was modified significantly. Changes are driven by the
need to improve readability of the UoF and a better representation of Product
configuration aspects within Chap 4. This change is harmonized with SX002D, issue
2.1.

- UoF Product Usage Context
Incorporation of minor changes. Changes are driven by the harmonization with
SX002D, issue 2.1.

- UoF Product Usage Phase
New UoF for the separated representation of usage phases. This UoF includes a
portion of the previous UoF Special Event and Damage in S3000L, issue 1.1.
Creation of UoF is driven by harmonization with SX002D, issue 2.1.

- UoF Remark

The one significant change that has been introduced is that any class and attribute in
the data model can have remarks. This change is harmonized with SX002D, issue
2.1.

- UoF Resource Specification
New UoF for the separated representation of resource specification aspects. This
UoF includes a portion of the previous UoF Task Resource in S3000L, issue 1.1. This
change is harmonized with SX002D, issue 2.1.

- UoF Security Classification
Incorporation of minor changes. Changes are driven by the harmonization with
SX002D, issue 2.1.

- UoF Software Element
New UoF for the separated representation of a software element. Changes are driven
by the harmonization with SX002D, issue 2.1.

- UoF Special Event

New UoF to replace portions of the previous UoF Special Event and Damage in
S3000L, issue 1.1. Changes are driven by the need to have a better representation of
special events as described in Chap 8 in the S3000L data model. This change is
harmonized with SX002D, issue 2.1.

- UoF Task
Incorporation of minor changes. Aspect of circuit breaker definition was moved to its
own UoF. Changes are driven by the harmonization with SX002D, issue 2.1.

- UoF Task Requirement

New UoF to replace portions of the previous UoF LSA Candidate Task Requirement
in S3000L, issue 1.1. Changes are mainly driven by the harmonization with SX002D,
issue 2.1.

- UoF Task Resource

Incorporation of minor changes to simplify the reading and implementation of the data
model, adding of attributes and moving resource specification to a separate UoF.
Changes are mainly driven by the harmonization with SX002D, issue 2.1.

Applicable to: All S3000L-A-00-00-0000-00A-00UA-A
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Chapter Summary of changes

- UoF Task Usage

New UoF to combine portions of the previous UoF Task Usage (Part 1) with the
previous UoF Task Usage (Part 2) in S3000L, issue 1.1. Incorporation of renaming of
attributes and minor modification of classes. Changes were driven by the need to
have a logic separation of different aspects which were included in one UoF in
S3000L, issue 1.1. Changes are harmonized with SX002D, issue 2.1.

- UoF Time Limit

New UoF for the separated representation of time limits and thresholds. This UoF
includes a portion of the previous UoF Task Usage (Part 1) in S3000L, issue 1.1. UoF
is extended by additional attributes and relations. Adaption also includes the
capability to handle condition based maintenance in the UoF. Changes are
harmonized with SX002D, issue 2.1.

- UoF Zone Element

Incorporation of minor changes. A breakdown element (or a revision thereof) can now
be associated with a zone. Changes are driven by the harmonization with SX002D,

issue 2.1.
Table 21 Data exchange
Chapter Summary of changes
Chap 20 - no major technical changes in Chap 20, only editorial rework
Note

The exchange of data for S3000L is defined using XML and XML schema. S3000L
XML schemas are published separately on the S3000L website (www.s3000l.0rg).
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Table 22 Terms, abbreviations and acronyms

Chapter Summary of changes
Chap 21 - update of terms, abbreviations and acronyms according to the modifications

performed for all chapters

Table 23 Data element list

Chapter Summary of changes
Chap 22 - update of data elements and data element descriptions according to the changes

established within Chap 19

- inclusion of a list of all classes defined in the respective UoF in Chap 19 and the
corresponding class definitions

- inclusion of a list which contains valid values for classification attributes

Applicable to: All S3000L-A-00-00-0000-00A-00UA-A
End of data module
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The listed documents are included in issue 2.1, dated 2023-03-01, of this publication.

Table of contents

Chapter Document title Data module code Applic
Chap 1 Introduction to the specification S3000L-A-01-00-0000-00A-040A-A Al
Chap 2 General requirements S3000L-A-02-00-0000-00A-040A-A Al
Chap 3 LSA process S3000L-A-03-00-0000-00A-040A-A  All
Chap 4 Product structures and change S3000L-A-04-00-0000-00A-040A-A  All
management in LSA
Chap 5 Influence on design S3000L-A-05-00-0000-00A-040A-A Al
Chap 6 Human factors S3000L-A-06-00-0000-00A-040A-A Al
Chap 7 Corrective maintenance analysis S3000L-A-07-00-0000-00A-040A-A Al
Chap 8 Damage and special event analysis S3000L-A-08-00-0000-00A-040A-A Al
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program
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analysis
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Chap 16  Disposal S3000L-A-16-00-0000-00A-040A-A Al
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Chap 22 Data element list S3000L-A-22-00-0000-00A-040A-A  All
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1 General

This chapter gives a basic overview of the purpose of the S3000L specification, including its

development through the years.

1.1 Purpose

Logistics Support Analysis (LSA) is one of the most important processes of Product support.

It is the main tool for:

— designing Products relevant to maintainability, reliability, and testability activities, and to

optimize life cycle cost

— defining all required resources to support the Product in its intended use during in-service

operation

S3000L defines the processes, general requirements and related information exchange

governing the performance of LSA during the life cycle of aerospace, defense, and commercial

Products.

1.2 Background

The development of this specification originated within the Aerospace and Defence Industries
Association of Europe (ASD) in 2005. At that time, MIL-STD 1388-1A was no longer in force
and DEF STAN 00-60 had become too specific to UK-MoD acquisitions to be applied as an

international handbook for general purposes.

The lack of a common valid procedure resulted in the development of various project specific
LSA handbooks and relevant IT solutions. These specific activities were also needed for new

projects (such as Eurofighter Typhoon, NH-90, Tiger, A400M, and Gripen). This caused

considerable effort for both industry and its military and non-military customers.

This situation prompted ASD and the Aerospace Industry Association of America (AlA) to

consider the joint development of a new common international specification for LSA.
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This initiative started with an "Inaugural meeting on S3000L" held in Brussels on January 18,
2006. The attendees expressed their thoughts on the need for an international LSA specification
in the light of shortfalls in current standards, specifications, and handbooks. It emerged that it
was not a matter of shortfalls, but rather an overabundance of standards.

In March 2006, in Munich, the following basic requirements were identified during a meeting for
the project definition phase. The new LSA specification will:

— be generally based on the processes laid out in MIL-STD-1388-1A, MIL-HDBK-502, DEF-
STAN-00-60 and the activity model given by ISO 10303-239 PLCS
— be the standard for creation and development of LSA data exchanged by:

e DEXI1A&D - Aerospace and defense business DEX for exchange of Product

breakdown for support

e DEX3A&D - Aerospace and defense business DEX for exchange of a task

specification

e Another exchange mechanism to address the relevant data from MIL-STD-1388-2B for

LSA purposes.

— use experience gained from the performance of LSA for current programs such as
Eurofighter Typhoon, NH-90, Tiger, A400M, Rafale, Gripen, JSF, etc

— include process application guidelines and rules for information exchange

— be tailorable to specific needs and include guidelines for tailoring

— take into account current ISO/EN baseline documents

— enable interfaces to the suite of the S-Series IPS specifications: S1000D, S2000M,

S4000P, S5000F and S6000T

An international team of experts, working under the joint supervision of AIA and ASD
representatives, contributed to the development of the specification. Table 2 shows the
companies/organizations contributed to the initial phases of the activity.

Table 2 Participating companies/organizations

Company

Country

AgustaWestland

Airbus Deutschland GmbH
Boeing

Dassault Aviation

EADS Casa

EADS Military Air Systems
Eurocopter

LOGSA

MBDA

Saab AB

United Kingdom
Germany
United States
France

Spain

Germany
France

United States
France

Sweden

The final draft of S3000L (Issue 0.1) was officially published in June 2009. The main purpose of
this draft was to enable experts from interested companies and organizations to provide the
S3000L expert team with comments on the first approach. The commenting phase officially
concluded at the end of 2009. In this phase, experts from several nations contributed their input
to improve the final draft for the publication of the first official Issue 1.0.
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1.3

In June 2010, Issue 1.0 of S3000L was finally released and published. At the Farnborough Air
Show in July 2010, ASD and AIA signed a Memorandum of Understanding to form the ASD/AIA
Integrated Product Support (IPS) Council. The IPS community implemented a new platform to
harmonize and coordinate the different IPS specification activities.

S3000L Issue 1.1 is the consequence of the constant review to maintain and improve the
specification and harmonize it with other specifications included in the S-Series IPS
Specifications. Additionally, XML schema became the new format for data exchange. In July
2014, S3000L Issue 1.1 was released and published together with the XML schemas.

S3000L Issue 2.0 is the consequence of various programs implementing S3000L and providing
feedback. Furthermore, there is an ongoing harmonization process with other specifications of
the S-Series IPS Specifications.

Scope
S3000L design covers all processes and requirements governing the performance of LSA
activities.

— It provides rules for the usage of Product breakdown for Product support purposes and for
the selection of LSA candidate items

— It describes the types and methods to perform specific analyses

— It gives guidelines on how to process the results of the analyses and achieve a cost-
effective support solution

— It covers the interface between LSA and the support engineering areas, for example
Reliability, Availability, Maintainability and Testability (RAMT)

— It covers the interface between LSA and the IPS functional areas such as supply support,
technical data, special tools/test equipment (support equipment), and training. Refer to Fig
1.

In particular, S3000L describes the interaction between industry (contractor) and the customer
that, as per the existing agreements, will provide the typical deliverables of LSA as given in this
specification. Examples of typical deliverables of an LSA process include, but are not limited to:

— areliable and maintainable Product because of influence on design from a Product support
perspective

— cost efficient support system

— supportability product data

— support concept in the context of identification and description of maintenance tasks
(corrective and preventive) and operational support tasks

S1000D and S2000M specifications describe in detail activities related to technical
documentation and material management, respectively. These activities are therefore out of
S3000L scope. This also applies to methodologies on carrying out Preventive Maintenance
Analysis (PMA) as described in S4000P or detailed performance of Level of Repair Analysis
(LORA).
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Fig 1 Functional elements of integrated product support

2 How to use the specification

2.1 General
This chapter gives an overview of:

—  how to apply S3000L to a project
— the organization of the specification
— the fundamental reading rules

2.2 Application

2.2.1 S3000L application policy
S3000L will be the common LSA specification for customers and contractors (eg, governments,
procurement authorities, support agencies, and industry). Customers and contractors can agree
to integrate S3000L with additional international or national requirements for specific projects.
The use of the specification and any additional processes is the object of the agreement
between the customer and contractor.
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22.2

2.2.3

224

2.3

2.4

3.1

S3000L application

At the start of any project using S3000L, it is necessary for the customer and contractor to
agree on how the specification will be implemented, and to define and agree on the variables
and options that S3000L provides. The project’'s LSA Guidance Document (LSA GD) must
contain these decisions. The customers and contractors use the LSA Guidance Conference
(LSA GC) to determine the information to be included in the LSA GD. Refer to Chap 3.

It is necessary to define a project interchange agreement, for data and other deliverables, in
order to supplement the LSA GD. Based on the project complexity, the specification will either
be stand-alone, or integrated within the LSA GD.

Tailoring processes
In order to ensure efficient implementation, the S3000L design helps users select the
functionality that is appropriate to their specific projects.

Individual chapters can be included or excluded. Tailoring can also determine the number and
range of LSA candidate items, the number of analyses per candidate item and the data used
during an analysis.

Compliance with S3000L

ASD and AIA do not provide any type of validation that a software product, a training course, or
any other product is compliant with the S3000L specification. This is also valid for compliance
with the methodology of the proposed analysis processes.

Basic definitions
Product Any platform, system or equipment (air, sea, land vehicle,
equipment or facilities, civil or military).

Product variant A member of a Product family that is configured for a specific
purpose and is offered to customers. The Product Variant is
uniquely identified by the Model Identifier. The term “Product
Variant” is synonymous with “model.”

Project The task to develop, maintain and dispose of the Product.

Integrated Logistics Support vs. Integrated Product

Support

In the context of product support, these terms are treated like synonyms. On the other hand,
"logistic” is often used in the context of the transportation business. Beginning in this issue of
the S3000L specification, the term Integrated Product Support (IPS) will be used to avoid
confusion.

Note
The official name for the processes and analyses commonly known as Logistics Support
Analysis will continue to be known as LSA.

Organization of the specification
S3000L is organized into chapters, each dealing with individual aspects of LSA.

Chapter 1 - Introduction to the specification

Chap 1 provides a summarized view on purpose, background, scope, and application of
S3000L. It also illustrates the rules regarding the maintenance of S3000L and explains how to
access the specification.

Applicable to: All S3000L-A-01-00-0000-00A-040A-A
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3.2 Chapter 2 - General requirements
Chap 2 provides general information on how to set up and manage an LSA program as part of

an IPS and overall development program. It describes the interfaces, dependencies, and time
constraints in relation to the other IPS disciplines within a typical project scenario.

3.3 Chapter 3 - LSA process
Chap 3 is designed to provide a full, in-depth description of the complete LSA process. It covers
the activities beginning at the definition of the operational framework to the starting point of the
creation of IPS element deliverables (refer to SX000i). The operational framework and
contractual requirements provide input for the LSA GD, which establishes the binding business
rules for the LSA process. This includes establishing a Product breakdown method, rules for
LSA candidate selection, and tailoring the specification to the specific project needs.

The chapter further describes potential supportability analysis activities and documentation of
analysis results within LSA data. Finally, it covers aspects concerning customer involvement
during the LSA process and LSA review conference organization. This is the final step in
accepting the LSA results and determining the maintenance and operational support concept.
The acceptance of the LSA results can be regarded as a precondition to start the production of
IPS element deliverables.

3.4 Chapter 4 - Product structure and change management in

LSA

The generation of a Product breakdown is an essential activity of the LSA process. An
appropriate Product breakdown ensures proper identification and versioning of the Product
configuration throughout the Product life cycle. The chapter describes the different sources,
methods, and criteria used to generate a Product breakdown.

It is also essential to control changes, analyze the impact on LSA, and record the
implementation of changes in the Product physical and functional characteristics. Change
management allows updating LSA for different Product baselines throughout the Product life
cycle as consequence of different sources of Product configuration change (eg, triggered by
design, technology, obsolescence, etc).

LSA plays an active role in the Product configuration management process to perform these
activities as part of the LSA process, generation of a Product breakdown, and change
management. This process records, communicates, and controls integrity and continuity of
design, systems engineering, and supportability. Configuration management efforts provide a
complete audit traceability of decisions and design modifications.

Chap 4 defines the details and methodology to apply the principles of Product breakdown
generation and change management to the LSA process as part of the configuration
management.

3.5 Chapter 5 - Influence on design
Influence on design is the goal of an industrial activity known as supportability engineering.
Supportability engineering influences Product characteristics vital for Product operation
according to performance and design requirements, with a view to minimizing Life Cycle Cost
(LCC).

The Product characteristics to be influenced are primarily RAMT. Early RAMT
activities/programs and the performance of LSA serve as tools for supportability engineering.

Design reviews are also encouraged after the Product entry into service, to improve the Product
based on operational experience and an effective sustainment of a competitive Product. During

the in-service phase of a Product, in-service data feedback provides a basis for measuring and

analyzing the RAMT and LCC performance of the design.

Supportability engineering acts as the enabler between design/development and IPS.
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3.6

3.7

3.8

3.9

3.10

3.11

Chap 5 describes how the methods of supportability engineering are applied and how the
results are linked to the LSA process.

Chapter 6 - Human factors

Chap 6 describes the relationship and integration between human factors engineering and the
support analysis process. Like all other supportability engineering functions, human factors
analysis provides source data used by the support analysis team to determine maintenance
crew and support equipment requirements. This relationship begins in the design review
process and continues through the development of the Maintenance Task Analysis (MTA).

Chapter 7 - Corrective maintenance analysis

Chap 7 covers the methodology and decision logic applied to identify corrective maintenance
task requirements, as well as the diagnosis procedure in case of Product failure during normal
use. The scope includes corrective maintenance to be carried out on the Product to restore its
availability as well as corrective maintenance of equipment removed from the Product in a
workshop.

Chapter 8 - Damage and special event analysis
Chap 8 covers the methodology for identifying and justifying appropriate maintenance tasks in
case of special events or damages found on the Product during general or detailed inspections.

Chapter 9 - Operational support analysis

Chap 9 covers the methodology for identifying and justifying tasks related to Product operation
and operational support that cannot be performed in the areas where the Product is directly
used (documented in operating instructions) or maintained (documented in a maintenance
manual). However, they are performed in operations and maintenance facilities in support of
normal operation (eg, packaging, handling, storage, mooring, preparation for transportation).

These tasks can be important for the proper use of any Product. There are many operational
aspects (eg, ease of operation, usability, flexibility of usage, mobility) restricted by operational
support tasks.

Chapter 10 - Development of a preventive maintenance

program

Chap 10 describes how to handle Preventive Maintenance Task Requirements Interval (PMTRI)
identified and determined by Preventive Maintenance Analysis (PMA) activities (refer to
S4000P). Preventive maintenance is vital to the operation of Products. After identifying all
PMTRI, the development of a preventive maintenance program is required, which results in
preventive maintenance task packages performed at a specific time limit or interval.

The chapter further describes how to link corresponding preventive maintenance tasks to the
PMTRI and to group the PMTRI/tasks based on appropriate time limits (eg, intervals based on
Product usage). For this purpose, a series of rules indicates how to adapt PMTRI by extending
or reducing the single PMTRI time limits during the grouping process.

Chapter 11 - Level of repair analysis
Chap 11 describes Level of Repair Analysis (LORA) activities performed as part of any
acquisition program. An LSA plan or similar documents, usually include a request for LORA.

LORA is an analytical methodology performed on a list of selected LSA candidates. It takes into
consideration customers’ support capabilities and support/operational requirements, product
technical information, costs, legal and environmental constraints to determine an optimized
support solution. The outcome is the definition of where each selected candidate is for example
removed, replaced, repaired, checked, overhauled, inspected, or discarded.

Applicable to: All S3000L-A-01-00-0000-00A-040A-A
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3.12 Chapter 12 - Task requirements and maintenance task
analysis
Chap 12 covers two main aspects of the LSA process. One aspect explains how to combine a
task requirement with the corresponding maintenance (corrective and preventive) or operational
support task. The other main aspect analyzes the identified corrective maintenance, preventive
maintenance, and operational support tasks in terms of task execution and required resources
like spare parts, consumables, support equipment, personnel, facilities and infrastructure.
Finally, additional information for tasks is included in the LSA data. Such information also
includes preferred maintenance level, task duration, training requirements and criticalities with
respect to personnel.

3.13 Chapter 13 - Software support analysis
Chap 13 provides guidelines on how to handle the requirements concerning software in the
context of Product operation and maintenance. Today, software is an essential element of
nearly all Products. The chapter describes the typical task requirements for software, as well as
the relevant maintenance or operational support tasks. In this context, a clear differentiation is
made between maintenance or operational support tasks relevant to the software, and software
modification activities (eg, bug fixing).

3.14 Chapter 14 - Life cycle cost considerations
LCC includes all direct costs and any indirect-variable cost associated with the procurement,
operation, support, and disposal of the Product throughout its life cycle.

Chap 14 provides an overview of LCC aspects and indicates which information developed by an
LSA process can be used to support LCC analysis activities, and vice versa.

3.15 Chapter 15 - Obsolescence analysis
Chap 15 describes the relationship between obsolescence analysis and the support analysis
process.

In the design and development process, LSA is aimed at avoiding/controlling the use of
components and material that are likely to be subject to obsolescence in the early operational
phase. During the in-service phase, the analysis of obsolescence events will also include LSA,
which will lead to the definition of economic alternatives with respect to maintenance and
support plans.

3.16 Chapter 16 - Disposal
Chap 16 deals with the disposal of Products and Product components, as a result of their active
and/or passive use. Although disposal of Products normally occurs during the last phase of the
life cycle, when acquiring a Product, it is necessary to take into consideration disposal in the
early phases of every program plan.

Adequate disposal activities can include, but not be limited to:

— professional disposal of equipment/components, structural parts or consumables
— destruction/neutralization of toxic substances

— recycling to ensure a sustainable development

— demilitarization of defense systems, to avoid weapons proliferation

3.17 Chapter 17 - In-service LSA
Chap 17 gives an overview of LSA activities recommended for the in-service phase of a
Product. This chapter covers the regular update of LSA data and corresponding IPS elements
as a consequence of changes in engineering design, and of usage and/or support scenarios on
the operator’s side. It also covers the In-Service Support Optimization (ISSO) process. This
process provides a methodology to optimize maintenance and operational support tasks
continuously based on the operator’s feedback. Feedback information/data from the Product

Applicable to: All S3000L-A-01-00-0000-00A-040A-A
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3.18

3.19

3.20

3.21

3.22

user provides the opportunity to compare assumptions based on analysis activities to the actual
in-service experience/data. Additionally, analysis and solving problems, which occurred during
maintenance or operational support is facilitated.

To ensure continuous maintainability and operability, it is necessary to scrutinize the
maintenance and operational support concept repeatedly during the Product life cycle.

Chapter 18 - Interrelation to other S-Series IPS specifications
Chap 18 addresses the benefits of using the S-Series IPS-specifications in conjunction with this
specification. The chapter addresses LSA relationships to the following specifications:

—  SX000i - International specification for Integrated Product Support (IPS) specifications

— S1000D - International specification for technical publications using a common source
database

— S2000M - International specification for material management - Integrated data processing

—  S4000P - International specification for developing and continuously improving preventive
maintenance

—  S5000F - International specification for in-service data feedback

— S6000T - International specification for training analysis and design

Chapter 19 - Data model

Chap 19 defines a coherent UML data model supporting the S3000L LSA process and its
interaction with the related business processes. These processes can depend on data derived
from LSA or from business processes that provide input to the LSA process. Additionally, the
chapter defines all data elements used in the S3000L data model.

Chapter 20 - Data exchange

Chap 20 defines the standard technology used for the exchange of data that results from LSA
activities as defined in S3000L. The exchange of data for S3000L is defined using XML and
XML schema.

Chapter 21 - Terms, abbreviations and acronyms
Chap 21 provides a glossary of terms, abbreviations, and acronyms used within S3000L. It
contains two different lists with items in alphabetical order:

—  Glossary of terms
A comprehensive list of terms used in this specification

— Abbreviations and acronyms
Definitions of abbreviations and acronyms used in this specification

Chapter 22 - Data element list
Chap 22 lists all of the data elements used in the S3000L data model and in the S3000L data
exchange specifications.

Data elements are listed alphabetically by name. The list contains:

— Data element name

— Data element data type

— Data element definition, including a textual definition and a list of valid values

— Class name identifies all classes of the S3000L data model where the data element is used

—  Unit of Functionality identifies all Units of Functionality (UoF) of the S3000L data model
where the data element is used

Applicable to: All S3000L-A-01-00-0000-00A-040A-A
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4.1

Maintenance of the specification

General information

S3000L is maintained by the S3000L Steering Committee (SC) operating under the supervision
of the IPS Council. Both the S3000L SC and the IPS Council include representatives from AlA
and ASD member companies and nations.

Technical issues related to S3000L can be raised using the change request application located
at www.sx000i.org.

Technical issues can, in due course, become a Change Proposal (CP), both of which should be
submitted with the understanding that any revisions to S3000L can affect one or more of the
other S-Series IPS specifications, and that proposed changes are subject to international
agreement from AIA and ASD member companies and nations.

Upon receipt of a CP, the S3000L SC will follow the change management process described in
IPS-C-2020-010, that includes obtaining an agreement from the participating organizations prior
to the publication of changes. The S3000L SC considers CP at each meeting and ratifies them
for incorporation in the specification or otherwise. The S3000L SC also decides when changes
will be published in S3000L.

Applicable to: All S3000L-A-01-00-0000-00A-040A-A
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Chapter 2

General requirements
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1 General

11 Introduction

The Logistics Support Analysis (LSA) process is considered a subset of Integrated Product
Support (IPS). IPS has overall responsibility for the development of technical information and
the support environment used to support a Product throughout its intended life cycle. It is
necessary to harmonize the different disciplines in the context of supportability. The main
disciplines are:

— design influence

— product support management

— supply support

— support and test equipment

— technical data/technical publication
— personnel and manpower

— IT/software support

— facilities and infrastructure

— maintenance planning

— preventive maintenance program
— Packaging, Handling, Storage and Transportation (PHST)
— training and training devices

The LSA program is the principal source of technical data for IPS planning and resource
decision. LSA will be used:

— tolink product design and IPS requirements to product readiness thresholds and to define
detailed support element requirements

— throughout the acquisition cycle to assess and alter product design and to establish and
update support element requirements

— as an important source of design-related data for determining and integrating all
supportability requirements, analyzing alternative design, operational, and support
concepts, and conducting trade-offs between design and the various elements of Product
support of technical data for IPS planning and resource decision

Applicable to: All S3000L-A-02-00-0000-00A-040A-A
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The supportability analysis results and support resource data will be stored in a database to
give all program elements access to a common data source for evaluating the supportability of
design alternatives and objectives. The Integrated Product Team (IPT) will ensure the timely
interaction of the LSA activities and data for all elements of the design process.

1.2 Purpose
IPS, supported by an embedded LSA process, ensures there is an open exchange of
information to the product support disciplines and to the design. It pursues two major goals
simultaneously:

— Design for support
A focus on designs that minimize operation, maintenance, training, support tasks, and
lifecycle costs while optimizing operational readiness.

— Design of support
The design, development, funding, testing, and acquisition of all support resources needed
to ensure optimum performance and readiness of the Product in its intended operational
environment and usage/mission profiles.

1.3 Scope
This chapter is directed at IPS managers and LSA managers both for customers and for
contractors. It is important to understand how an LSA program needs to be integrated into the
superordinate IPS program. The approach for implementing an LSA program varies across
organizations, and sometimes even across projects within an organization. Regardless of the
organization or project, there must be shared policies that establish the functional
responsibilities and expectations of the LSA program.

2 LSA program

LSA is a systematic, iterative process that integrates product design and support system
requirements, and evaluates supportability requirements relative to satisfying the specific
system/component sustainability and availability requirements. The use of an electronic
database optimizes the analysis documentation process. Information on supportability consists
in the identification, optimization, and traceability of IPS resources (eg, spares, manpower,
personnel, support and test equipment, training and training equipment, facilities, PHST, and
technical publication).

2.1 LSA program plan

211 Organizational requirements
The LSA Program Plan (LSA PP) describes the strategy for developing LSA activities during the
engineering and manufacturing development phase of the complete program. It identifies and
integrates the LSA activities, identifies management responsibilities and activities, and
establishes the approach for analysis activities. Furthermore, this plan provides the approach to
LSA and a basis to measure progress throughout the various phases of the program. Since the
LSA process is iterative and dynamic, this plan will be updated to reflect current program status
and planned changes.

This LSA PP describes the LSA process and the management structure established to perform
this process. It details how the LSA process will take place to satisfy the intended requirements.
LSA is an iterative process that usually continues as long as the item under analysis is in
continuous use. Once the item has been retired, the LSA data can be used as baseline
comparison data for future supported items.

The LSA PP describes the management, organizations, and procedures required to accomplish
program requirements. It includes:

— adescription, correlation, and schedule of procedures to be accomplished by each
organizational element concerned in support of the LSA program

Applicable to: All S3000L-A-02-00-0000-00A-040A-A
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— anindication of requirements for LSA program participants (eg, subcontractors, suppliers,
partner companies, agencies)

— the identification of LSA program monitoring points

— the dissemination of LSA requirements to design and description of techniques to be
employed to ensure that desired LSA is inherent in the Product design

— adescription of the planned approach for LSA activities, and specific methods and sources
to satisfy qualitative supportability analysis and resolve design issues

— adescription of numbering systems for database, Work Breakdown Structure (WBS),
breakdown element identification, and handling methods for government furnished
information

— adescription of methods to identify, control, and report problems

— adescription of provisions for plan update

Systems engineering managers are responsible for LSA planning and coordination. LSA
managers provide technical guidance in conducting LSA and have special analytical skills
required to perform activities specific to LSA. Procedures must ensure the identification of
supportability requirements as an integral part of systems engineering and design.
Supportability design baselines identify:

— quantified reliability and maintainability comparative analysis requirements, such as:

e maintenance man-hours per operating hour
e Mean Time Between Failure (MTBF)
e Mean Time to Repair (MTTR)

— the maintenance concept, including:

justification for any support activity (events and operational requirements)
preventive and corrective maintenance activities

operational support activities

maintenance level and maintenance location information

— field/fleet supportability improvements and status
— lessons learned and status

— support drivers

— new technology requirements

In general, the LSA PP can be a part of an overall IPS management plan or IPS program plan.
It is recommended to have a separate document in case of more complex projects. Customers
and contractors must agree and harmonize many other aspects during an LSA Guidance
Conference (LSA GC).

General requirements
The information in the LSA PP includes, but is not limited to, the following elements: Moreover,
the range and depth of information for each element is tailored to the project phases.

— adescription of how the LSA program will be conducted to meet the system and
supportability requirements defined in the applicable project documents

— adescription of management structure and authorities applicable to LSA. This includes the
correlation between line, service, staff, and policy organizations.

— the identification of each LSA task and how it will be performed

— aschedule with estimated start and completion points for each LSA program activity or task.
It is necessary to identify scheduled relationships with other IPS program requirements and
associated system engineering activities.

— adescription of how LSA activities and data will interface with other IPS and system-
oriented tasks and data. This description will include analysis and data interfaces with the
following programs, as applicable:

e Product design
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Product maintainability
Product reliability

Product testability

facilities and infrastructure
Human Factors Integration (HFI)
Initial Provisioning (1P)

PHST

parts control

standardization

support and test equipment
survivability

system safety

technical documentation

test and evaluation

training and training equipment

— a breakdown structure identification of items, including software, which are the object of
LSA performance (LSA candidates) and documentation. Identification of an LSA Candidate
Item List (CIL), and criteria for LSA candidate item selection. The list must include all items
recommended for analysis, items which are not recommended, and the appropriate
rationale for selection or non-selection.

— an explanation of the breakdown element numbering system

— the method of dissemination of supportability and supportability-related design requirements
to designers and associated personnel

— the method of dissemination of supportability and supportability-related design requirements
to subcontractors and the relevant controls under such circumstances

— government data to be furnished to the contractor

— the procedures for updating and validating LSA data to include configuration control
procedures for LSA data

— LSA requirements on Government Furnished Equipment/Materiel (GFE) and
subcontractor/vendor furnished materiel, including end items of support equipment

— the procedures to evaluate the status and control of each task, and to identify the
organizational unit with the authority and responsibility for executing each task

— the procedures, methods and controls for identifying and recording design problems or
deficiencies affecting supportability, required corrective activity, and the status of actions
taken to solve the problems

— adescription of the data collection system used by the contractor to document, disseminate
and control LSA and related design data

Note
The range and depth of information for each element is tailored to the project phases.

Functional requirements identification

This activity identifies the required operations and support functions for the Product. The
primary inputs are the results of supportability and supportability-related design factors, as well
as results of reliability, maintainability and testability programs and analyses. The results of this
task form the basis for support system alternatives. LSA personnel will revise functional block
diagrams as applicable, identifying subsystem component changes and their functional
interaction within the subsystem and with associated subsystem components. To do so, the
LSA personnel must cooperate and interact with design engineering, maintainability, testability,
human engineering, and technical manuals. LSA personnel will then evaluate and identify
operations and maintenance actions required to implement the maintenance and operational
concept for LSA candidates.

The functional requirements for Product maintenance and operation include:

— inspection
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— servicing

— testing

— operation

—  repair

— replace

— configuration for specific usage

Unique functional requirements

The same process used to identify maintenance and operations functions will identify any
unigue functional requirement. These unique functional requirements are normally associated
with new technologies and equipment incorporated in the Product or its support system. The
process will also consider hazardous materials, hazardous waste, and environmental pollutants.

Although the same analysis techniques are used to identify and evaluate these unique
functions, it is necessary to pay special attention to them because they have a tendency to
exhibit higher risks. The product support organization will track configuration changes, and
identify and evaluate their impact on identified unique functional requirements.

LSA program plan - generic example
The LSA PP is a crucial output document of the LSA GC. It contains general sections and
descriptive subsections, followed by appendices. The general section must cover at least the:

— management structure of the program for both the contractor and customer
— time schedule of the program and meeting calendar

S3000L-B6865-03000-00

— definition of milestones
— responsibilities and reporting levels

— change process (categories and levels of authority)

— risk management
— work share agreements

Fig 1 shows a simplified and generic example of the structure of an LSA PP:

Project XXX LSA Program Plan Date
CONTENT
1 General
2 Scope
3 General program definitions
3.1 Management structure of the program on customer side
3.2 Management structure of the program on contractor side
3.3 Time schedule of the program
3.4 Definition of milestones
3.5 Meeting calendar
3.6 Responsibilities and reporting levels
APPENDICES
Appendix A Purpose of LSA and of supportability analysis tasks
Appendix B System breakdown methodology
Appendix C Breakdown depth
Appendix D Rules for LSA candidate selection
Appendix E Candidate Item List
Appendix F Rules for analysis tasks selection
Appendix G Rules for performance measuring and verification
Appendix H IT aspects

Fig 1 Example of content of an LSA PP
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2.151

2.152

2.153

2154

2.155

The LSA PP appendices will provide additional clarification and specific needs, which support
the content in the subsections. It is possible to cover risk management issues in a separate
appendix or include it into the rules for performance measuring and verification.

Purpose of LSA and supportability analysis activities

As an outcome of the LSA GC, the contractor and customer must agree on the principles of use
for data coming from supportability analyses. Therefore, it is strongly recommended to carefully
select which data elements will be documented and then link the data to their corresponding
purpose. This also applies to supportability analysis activities. The selection must consider
technical and economic aspects, especially for very extensive analysis activities, for example:

— adetailed or simplified LORA
— optimization methods, such as via simulation runs
— adetailed Preventive Maintenance Analysis (PMA)

Hierarchical Product breakdown methodology

This appendix to the LSA PP must detail the rules for a Product breakdown methodology. The
customer and the contractor must decide how to identify breakdown elements, for example,
using the S1000D Standard Numbering System (SNS), Logistics Support Analysis Control
Number (LCN) in accordance with MIL-STD 1388-2B or GEIA-STD-0007, or any other
identification system preferred by the customer.

In case of different Product breakdown methodologies (eg, physical and functional) within a
program carried out in parallel, it is necessary to clarify whether and how to interconnect these
different Product breakdowns. Additionally, it is necessary to document the purpose of its use
(eg, a functional breakdown).

Note
It is recommended that detailed examples be included in the appendix, covering all possible
cases (eg, how software will be incorporated within the hierarchical breakdown, how to
cover different variants of a Product). In case of complex projects, a separate document
can be used to determine Product breakdown structure and coding/numbering method for
the corresponding Breakdown Element Identifier (BEI).

Breakdown depth for the item under analysis

In addition to the decisions required for the types of Product breakdown, the breakdown depth is
a crucial attribute of the breakdown itself. The following aspects must be considered for a final
decision:

— Is afull breakdown of the item required to identify all relevant spare parts, and is this
breakdown type effective and applicable?

— Is a breakdown that only contains Line Replaceable Units (LRU) applicable and effective?

— What depth of breakdown is required to identify all spare parts for a repair concept at the
authorized level?

— For what purpose a functional breakdown is established (eg, for PMA) and how is the
functional breakdown linked to the physical breakdown?

LSA candidate selection criteria
The criteria for LSA candidate selection must be documented in an appendix of the LSA PP.
The appendix can also include a decision flowchart.

Candidate item list

As an input to the LSA GC, the contractor must prepare a draft of the CIL, as an input
document. During the LSA GC, the contractor and the customer must discuss this draft to
produce an agreed CIL. The CIL will be a formal output document of the LSA GC.

Applicable to: All S3000L-A-02-00-0000-00A-040A-A
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Note
For the LSA GC, a completed CIL is often not available. The CIL is a living object during the
design and development phase (and also later during in-service phase) and must be
continuously updated as required (eg, by design changes). As a minimum, LSA candidate
selection criteria must be determined at the LSA GC.

2.1.5.6 Potential analysis activities for candidate items
The CIL contains the selection of LSA candidates from the Product breakdown and can also
contain the analysis activities for each LSA candidate. It is necessary to clarify the selection of
analysis activities, as well as the depth of the analysis. For example, Maintenance Task
Analysis (MTA) must determine whether the description of the maintenance task must be
detailed in full or in Simplified Technical English (STE), or whether to include personnel
requirements for the project.

Finally, the CIL can serve as an LSA program overview that summarizes the complete effort.
Additionally, the CIL can be a helpful management tool, documenting the progress of the LSA
program.

Note
It is necessary to generate a drafted CIL as a final output from the LSA GC. Itis
recommended that this list be designated as a reference table and part of the projects
master data to be shared and synchronized across the project’'s master data management
system. It can serve as a monitoring tool to supervise the progress of the project. This will
avoid duplicating data, such as breakdown information, in external lists that are not
synchronized to master data.

2.1.5.7 Performance measurement and verification of LSA activities
It is necessary to evaluate the performance of LSA activities continuously, and document it, for
example, by status information. The criteria, when an analysis activity is fulfilled or when an LSA
candidate must be clear and documented in a list of acceptance criteria that are part of an
appendix within the LSA Guidance Document (LSA GD). The process and the rules for
performance measurement and verification must be clear. Customers and contractors must
observe these rules for each review/delivery of any analysis result.

2.15.8 IT aspects
It is recommended that the use of different software packages for the same analysis activities at
different locations is avoided. Integration and harmonization processes can be extensive and
are a potential risk factor. However, many programs currently use different software packages
because of existing licenses, contractual constraints, or IT environment necessities. For any
task to be performed, in this case, it is recommended to establish a common working
environment which can be used by all LSA program stakeholders, or, as a minimum, use one
common suitable software package compatible with the IT systems of all parties involved.

LSA GC must indicate the decisions about software packages. All involved parties must
harmonize and agree to any change to software releases during a program.

2.1.6 LSA guidance document - generic example
The LSA GD is another crucial output document of the LSA GC. It contains the business rules
of the LSA process on reporting, data element definitions, data exchange procedures, and
selection of software packages to perform analysis activities.

Fig 2 provides an example of content for an LSA GD.

Applicable to: All S3000L-A-02-00-0000-00A-040A-A
Chap 2
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Project XXX | LSA Guidance Document Date
CONTENT
General
2 Scope
3 Implementation rules

3.1 Simple data element list (DEL)
32 IT aspects

3.3 Product breakdown implementation rules
34 Documentation of task requirements
3.5 Documentation of MTA
3.6 Definition of required reports
3.7 Reporting process
38 Data exchange process
APPENDICES

Appendix A | Detailed Data Element List (DEL), including input instructions and valid values for classifications
Appendix B | List of selected software packages per analysis task

Appendix C | Examples for documentation of task requirements

Appendix D | Examples for MTA documentation

Appendix E | Report examples

Appendix F | Mathematical appendix

ICN-B6865-S3000L0007-002-01
Fig 2 Example of content of an LSA GD

The LSA GD includes a general section and a number of appendices. In the general section,
business rules definition covers at least:

— Data Element List (DEL). This is a list of all the required data that must be recorded.

— Reporting process and definition of required reports. It is necessary to define and
format all report content. Any data elements required for the reports must be available and
accessible. All contracting parties must agree on content, format, and derived calculations.
Any business rules necessary to calculate and/or select source data must be identified and
documented.

— Data exchange process. For a proper exchange of information, the customer and the
contractor must establish and harmonize a data exchange process. In programs involving
several customers and contractors, a clear process for data integration and harmonization
must be established. A time schedule must be agreed to during the LSA GC, with
clarification on the consequences of missing the time schedule.

Note
Chap 20 provides information about recommended data exchange format (XML
schema).

Note
The LSA GD can also cover additional aspects like the detailed explanation of the
Product breakdown methodology or the detailed description how to document the
results of the MTA (including LORA methodology and LORA decision). It is
recommended to include appropriate examples.

2.16.1 Data element list and input instructions
The detailed DEL describes the context and description of the collected data. This includes
syntax (if required) and allowed codification. In addition, a mathematical appendix can detail
calculation methods of numeric values.

Applicable to: All S3000L-A-02-00-0000-00A-040A-A
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It is recommended that a simple draft DEL is created as an input to the LSA GC, to support the
initial selection of data elements. The justification for the project's LSA DEL selection is based
on the following questions:

— Is the data element required for the proof of any specification values?

— Is the data element required for the calculation of any supportability parameters?

— Is the data element required for disciplines such as technical publication, material support,
identification of special support equipment, and identification of facilities or training
requirements?

— Is the data element required for the performance proof of the LSA itself?

— Is the data element required to document the results of supportability analysis activities?

— Is the data element required for any report, necessary for the customer and/or the
contractor?

— Is the data element a special interest for the customer/contractor (eg, internal usage)?

Note
It is recommended that data elements are selected, based on a logical, traceable need
for project requirements. Any listed data element that does not relate to a requirement
or the development (calculation) of a requirement is a candidate for elimination.

The DEL must be arranged during the LSA GC and will be a part of the official LSA GD.
Nevertheless, it must be considered a living document. Updates to the DEL occur due to
additional needs that arise during program maturation (eg, matured project design as indicated
by contractor and customer).

2.1.6.2 List of selected software packages
In the LSA GC, the decision must be made, or at least prepared, as to which LSA software
packages will be used by the contractor and the customer to support the required analysis
activities. The selection of software packages can be contractual. It is necessary to investigate
carefully any upgrade or complete change of software packages within the project, including all
participants involved with such changes in the IT department.

2.1.6.3 Examples for documentation of task requirements
The LSA GD can include examples to ensure the correct documentation of different types of
task requirements which justify the corresponding task. This can cover corrective and preventive
maintenance task requirements, operational task requirements, and task requirements from
other sources (eg, initiated by authorities, customer needs, regulations by law).

2.16.4 Examples for MTA documentation
The LSA GD can include examples to ensure the correct documentation of tasks. This can
include the correct usage of subtasks by definition and subtasks by reference, correct
assignment of warnings, cautions and notes and the correct assignment of task resources on
task or subtask level, as required and appropriate.

2.1.65 Reports examples
The LSA GD can include examples to ensure a common understanding of reporting. Those
examples can include an overview of required data elements, report formatting, sorting, filling
and calculations for each relevant report provided by the LSA program.

2.1.6.6 Mathematical appendix
It is possible to document methods of calculation to complete the business rules. Both the
customer and the contractor must evaluate the calculation of values, which must be available
for review to the stakeholders. Mathematical appendices cover two basic aspects:

— Mathematical equations and their explanations, including a list of mathematical
abbreviations and symbols used
— Sources and business rule logic from which the data is obtained for calculation

Applicable to: All S3000L-A-02-00-0000-00A-040A-A
Chap 2

DMC-S3000L-A-02-00-0000-00A-040A-A_003-00_EN-US.docx 2021-04-30 Page 10



00

S3000L-B6865-03000-00

530

2.3

23.1

LSA program organization

The program manager is the final authority for the implementation of the LSA program
integrated into the Product development organization. LSA is part of the system engineering
integration. LSA is an integral element in the IPT commitment to provide the highest quality
Products and services at the lowest possible cost.

The system engineering integration organization is responsible for defining the requirements
analysis for the LSA program, which are to:

— perform the functional analysis and allocation, and providing them to the IPT
— provide Product and process solutions that meet the supportability requirements
— provide system analysis and control activities through the system engineering process

IPT leaders are responsible for completing the LSA program on their Product.

The IPS manager is responsible for monitoring LSA activities performed by all teams, ensuring
consistency across the program and for delivery of LSA data submittals (if required). The
program manager has final authority for all program functions. Supportability is an active
member of the IPT. The objective of these teams is to develop guidance on system design to
meet performance, producibility, and supportability requirements, and achieve low Life Cycle
Costs (LCC).

LSA management responsibilities
An overview of the potential responsibilities of the different players in the LSA process, is given
in Para 2.3.1 through Para 2.3.4.

The LSA manager
The typical responsibilities of LSA managers can include, but are not limited to:

— implementing established company operating policies and procedures concerning LSA

— accomplishing quality reviews of LSA data through in-process reviews and formal reviews
prior to data submittal

— addressing questions and coordinating required corrective activity for the development,
implementation, and modification of integrated maintenance concepts, support resources
and related problems/status

— assessing subsystem design and support concepts for supportability influence/impact for
their assigned subsystems

— assisting in the resolution of problems related to the acquisition of supplier/customer-
furnished supportability data that are necessary to support the assigned subsystems

— assisting in the development and implementation of formal LSA review activities for their
respective system, to ensure integration of maintenance concepts and compatibility with
contractor and customer requirements

— conducting LSA reviews with the customer

— coordinating evaluation of design changes for LSA impacts and ensuring impacts are
reported to decision makers in case design changes will have an adverse impact on ease
and cost of support

— coordinating with appropriate program and functional management to ensure problems on
their assigned subsystems are solved

— documenting supportability task analyses and coordinate task scheduling and planning

— maintaining technical liaison with design/supportability engineering and IPS elements

— managing the technical aspects of the LSA process, and the documentation for
considerations on design and identification of supportability resources

— monitoring/coordinating the technical aspects of LSA relative to established program
objectives, schedules, and directives

— participating in customer and supplier design and program reviews, and ensuring LSA is an
agenda topic as appropriate

Applicable to: All S3000L-A-02-00-0000-00A-040A-A
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— participating in technical coordination meetings and design reviews with suppliers and/or the
customer, ensuring that each review include a formal review and assessment of
supportability and related design requirements

— providing assistance and information to program and functional management to achieve
contractor and customer objectives

— scheduling LSA in accordance with engineering documentation release dates/support.

— tracking supportability task accomplishment and participating in problem solving

— establishing company LSA operating policies and procedures

— supporting the organization of a program statement of work, and approving man-hour
estimates for all LSA activity

— supporting the assignment of personnel to programs and projects, as required for the LSA
statement of work

— monitoring and assisting LSA program managers/leads in the performance of program
statements of work

— establishing training requirements for LSA personnel and supportability-related tasks

2.3.2 Program LSA managers and leads
The typical responsibilities of an overall program LSA manager (eg, required within international
projects with several participating companies) can include, but are not limited to:

— ensuring LSA program requirements are being met

— implementing established company operating policies and procedures

— controlling program costs and maintaining program schedule

— maintaining a regular contact with team members, subcontractors and/or vendors
— maintaining a program interface with program management and the customer

— holding technical responsibility for the accuracy of the LSA

2.3.3 Program technical staff (system engineers and analysts)
The technical staff is responsible for the proper operation of the IT systems. This includes the
evaluation and provisioning of Product support data for other IPS disciplines or for management
purposes, such as:

— having responsibility for the performance of data analysis

— operating data collection software and generate reports

— managing supplier and customer interfaces for data collection

— having working relationships with engineering departments, all IPS elements, suppliers, and
customer

2.3.4 Supportability analysis integrated product team
This team participates in the development of an early LSA strategy, including, but not limited to:

— developing the LSA PP

— participating in program and design reviews

— coordinating the operational requirements

— coordinating the requirements for mission hardware, software, and support system
standardization

— participating in developing the requirements for comparative analysis

— coordinating the requirements for technological opportunities

— coordinating the requirements for supportability and supportability-related design factors

— performing PMA and/or processing PMA results (eg, packaging of preventive maintenance
tasks, refer to Chap 10)

— participating in the development of support system alternatives

— participating in the evaluation of alternatives and trade-off analyses

— coordinating inputs from maintainability and packaging, and develop maintenance task
analysis

— coordinating the requirements for early fielding analysis

Applicable to: All S3000L-A-02-00-0000-00A-040A-A
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— coordinating the requirements for post-production support analysis
— coordinating the requirements for supportability test, evaluation, and verification

3 Product development organization

The Product development organization integrates the unique capabilities of each engineering
discipline through the Product development process. This process is a systematic approach to
the integrated, concurrent design of Products and their related processes, including production
and support. This approach aims to induce the developer to consider all elements of the product
life cycle, from conception through disposal, including cost, schedule, performance,
supportability, quality and user requirements as soon as possible.

Integrating product development during design will help achieve first-time quality. Moreover,
improved compliance with requirements will:

— support completing the program within target cost

— meet affordability requirements through design for producibility and concurrent
manufacturing process improvements

— reduce operational and support costs through design-to-supportability, with emphasis on
reliability, testability, maintainability and life cycle cost

Fundamental characteristics of an effective integrated product development organization are:

- IPT

— clear product definition and interfaces

— multidisciplinary teams (integrated teams)
— disciplined processes

— single point accountability

— effective communications

— empowerment

— performance metrics

3.1 Integrated product teams
A product team owns each of the product items in the entire system, including supplier and
customer furnished items. Resource allocation and integration normally occur through a WBS
hierarchy of product teams, starting with the overall system team. The workflow runs downward
from team to team, to the detailed subassemblies or components. These teams represent
significant, identifiable subsystems, sub-subsystems and components, operation planning and
support segments.

Each level in the organization is fully accountable for the aggregate of its subordinate teams, as
well as for the integration and overall performance of its Product. At all levels, team leaders
assume full responsibility, authority, and accountability of their teams. A single, unbroken line of
authority runs through the team leaders, from the program manager to the subassembly or
component team leaders. Team leaders allocate roles and responsibilities based on specific,
tangible support products. Each team member has a clear charter that focuses on the
development or creation of a support product.

3.2 Multidisciplinary teams
Multidisciplinary teams ensure identification of design conflicts by taking into consideration
Product life cycle as early as possible. Multidisciplinary teams include personnel with different
perspectives and a common mission. Team members share a common effort, whether they are
skilled in:

— design

— quality assurance

— manufacturing

— reliability, testability and maintainability

Applicable to: All S3000L-A-02-00-0000-00A-040A-A
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3.3

3.4

3.5

3.6

3.7

3.8

— safety

— technical data and technical publication
—  support equipment

—  supply support

— facilities

— technical services

— PHST

— personnel and training

The objective of an integrated team is to identify and resolve as many design conflicts as
possible in the shortest time, with the understanding that each perspective is of equal value.
Each team member brings a unique perspective to the creation of a single, concurrently
engineered design. Without this integration of perspectives, there is no integrated support
product development, nor concurrently engineered design.

Single point accountability
The IPT leader is accountable for the development of all Products. This feature is beneficial to
avoiding redundant efforts and clearly defining the purpose.

The IPT leader brings together the right resources (eg, manpower, skills, budget and facilities)
to achieve the goal.

Empowerment

Empowerment enables IPT members to achieve their mission and provides them with the ability
to influence and control their disciplines destiny to the maximum extent possible. Team
members are empowered enough to fulfill their individual roles and responsibilities, but their
ultimate destiny is controlled by the performance of their teammates. By definition, each
member within a team depends on the other team members. Empowerment means providing
sufficient and adequate resources to team members to help them performing their specified
roles and assuming their responsibilities.

Management plans

Corrective actions for resource problems consist of procurement actions (eg, early orders for
long-lead-time items or changes to schedule, cost, and budget), and support concept changes
or design changes. Technical analysis reviews and schedules will bring these changes in
resources to the attention of the IPS management. The responsible functional management will
work on the identified problems. The responsible subsystem supportability manager will ensure
that appropriate action is assigned and that proposed changes are implemented.

Clear product definition and interfaces

Mission success depends on a clear and complete understanding of the Product that the team
is accountable for providing. In addition to requirements like performance, supportability, and
producibility, the Product description indicates how the Product must relate or interact with other
Products.

Disciplined processes

The processes for designing, developing, testing, producing and supporting system and support
system Products are founded upon accepted standardized principles. The focus of integrated
Product development is a rigorous and consistent application of standardized processes for the
development of all Products, along with a continuous search for methods to improve the
process. As the processes are documented, the team is committed to management by process
rather than management of the Product.

Effective communications
In the integrated Product development process, the term communication means that a free and
open exchange of data, information and opinions is the fuel that keeps the process working.

Applicable to: All S3000L-A-02-00-0000-00A-040A-A
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3.9

3.10

3.10.1

Effective communication establishes the roles and responsibilities of the teams, defines the
team's products, establishes team goals and objectives, and favors design conflict identification
and resolution. It is made possible by having:

— acollocation of team members

— regularly scheduled IPT meetings

— all-hands meetings

— functional and program staff meetings

— effective use of memos

— use of electronic communications (eg, emails, video conferences)
— an exchange of up-to-date data and information

Performance metrics

It is important to know how well each IPT is progressing toward development of their Products.
To this end, it is necessary to identify critical parameters in the product development process
and establish an associated metric. The parameters selected by an individual or team must
define:

— product quality
— schedule

— cost

— risk assessment

Implementation

Design reviews and technical information meetings take place throughout the program. Host
design reviews and in-house design reviews ensure that design program goals and objectives
are being achieved. LSA analysts and IPS personnel will be aware of supportability and
supportability-related design issues by taking part to design reviews meetings and/or by
receiving the relevant minutes of meeting. Supportability concerns involving equipment design
that arise during meetings, or throughout the overall and continuous design process, are
brought to the attention of the integrated Product engineers. It is necessary to document all
information on design-related supportability issues, including status, to ensure a timely and
appropriate resolution. LSA reviews are conducted in conjunction with scheduled design
reviews.

LSA activities and performance
The LSA process (refer to Fig 3) applies selected quantitative methods to:

— determine and establish, at the beginning of the process, supportability criteria as an input
to system design

— evaluate various design alternatives

— identify and provide support resources

— provide feedback to design, if required, based on the results of MTA and LORA

— assess, at the end of the process, the system support capability during use

Applicable to: All S3000L-A-02-00-0000-00A-040A-A
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3.10.2
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Fig 3 Simplified LSA process

The LSA program is based on an integrated product definition. The following major elements
can determine the LSA program:

— an LSA program plan that identifies all the required LSA activities to influence design for
supportability and determines the appropriate resources

— scheduling that identifies the timing of LSA requirements. LSA schedules are based on the
needs of each project phase, and are established to support and be mutually beneficial to
other project requirements.

— assignment of LSA activities to design, supportability, and IPS personnel with suitable skills
and qualification

— effective management of a wide range of design, supportability, and IPS disciplines

Develop an early LSA strategy

It is necessary to develop an LSA strategy to be performed early in the acquisition program.
This strategy will identify the scope of the proposed supportability objectives for the
Product/equipment, and the qualitative analysis to provide the best cost-benefit ratio for the
acquisition program. The LSA requirements will be analyzed in order to establish a
comprehensive LSA program, including quantitative, qualitative, and test LSA requirements for
Product systems, subsystems, and components. The result is a tailored, cost-effective program
that performs any procedure required by the customer, and provides a system that meets or
exceeds any customer requirement on LSA.

Program management principles

The product support team is responsible for developing the support system. This team is a
subset of the IPT responsible for the design, development, manufacture, operation, safety, and
support of a specific Product.

Applicable to: All
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3.11.2

3.11.3

3.12
3.12.1

Integrated product support management

It is necessary to collaborate constantly with the IPS manager to provide continuity between
program management direction and the development of the LSA results. Maintaining a proper
interface between the LSA manager and other functional managers ensures a smooth
execution of the LSA program.

The IPS manager is responsible for providing the program teams with IPS and supportability
expertise and resources. In the Product development process, each IPT leader controls the
budget and is accountable for the development of Products by that team. Consequently, most
supportability personnel are assigned to and work with the different IPT. Supportability
resources are provided to the different IPT to:

— incorporate supportability into the design of the Product and support system by providing
reliability, maintainability, testability, human engineering, integrated diagnostics, and
environmental suitability resources

— develop the support and training systems, and plan supportability resources by providing
supply support, support equipment, technical data, facilities, PHST, manpower and
personnel, as well as training and training equipment personnel

— accomplish supportability engineering in systems engineering and design process for
Product development

— provide for LSA, standardization, interchangeability and interoperability, and environmental
assurance

Operating product support organizational structures

It is possible to align the operating organizational structure for a support program with the WBS.
The hierarchical characteristics of the WBS can be used to establish lines of responsibility,
authority, accountability, and reporting chains from the lowest level of responsibility up to the
program manager. Integration of supportability into the organization aims at:

— reflecting each supportability element identified by the WBS and system specification
— providing effective interaction for supportability-related design functions that are crucial to
developing the support system, and to achieving readiness goals

Each IPT manager bears total responsibility for all aspects concerning the team's support
products.

At each organizational level, Product team leaders combine the responsibilities of all
subordinate Product teams. As leaders of the IPT and responsible for all Products, Product
managers lead the responsibility and reporting chain, as they bear responsibility for all products.
A significant feature of this type of organization is that every Product has a specific point of
responsibility, authority, and accountability in the organization.

Formal support organizations

Functional leaders, such as leaders for Product support, production, and engineering
departments, are members of the Product team and provide support to the program manager.
In that capacity, these leaders bring functional expertise and resources to assist in program
execution and ensure uniform, timely assignment of needed skills to the Product teams to assist
in program execution and ensure uniform, timely assignment of added skill to the different IPT.

Product support management objectives and policies
Product support
Integrating supportability into the Product development program ensures:

— design reflects test data assessment, supportability alternatives, and tradeoff evaluations
— detailed specification requirements are provided

— supportability resource planning is adjusted as necessary

— operational availability and readiness thresholds are met

— the item is supportable in the expected operational environment

Applicable to: All S3000L-A-02-00-0000-00A-040A-A
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— the operational environments are accurately assessed
— the support system achieves expected performance

An underlying objective of the product support program is to identify and resolve as early as
possible any supportability technical risk, prior to beginning Product production and deployment.

3.12.2 Product support management policies
To achieve supportability management objectives, a proper organization must be established
for design-for-supportability through the integration of design and the development of the
support system and training system. To this end, it is necessary to:

— structure an integrated Product development organization, which provides for active
supportability participation and influence on design

— structure the IPS process to interact constantly, on a working level, with design engineering
through the system engineering process

— plan to work closely with customers and suppliers to develop the Product

Furthermore, it is necessary to establish an LSA process that:

— provides analysis procedures for integrating supportability requirements into the baseline
design

— requires the support system configuration to match the Product design configuration

— provides the detailed maintenance planning and bottom-up identification of total
supportability resource requirements

To provide further control, it is necessary to establish a reporting system for IPS program
progress, status and management. The system will document that program design,
development, test and evaluation, and transition accomplishments meet or exceed
supportability priorities and developing supportability requirements.

4 Associated parts of the S3000L data model

The documentation of the associated data to this chapter is supported by the following Units of
Functionality (UoF), refer to Chap 19:

— S3000L UoF Product and Project

Applicable to: All S3000L-A-02-00-0000-00A-040A-A
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1 General
1.1 Introduction
When introducing a new Product, it is necessary to make available all supportability
requirements in a timely manner. This requires projects to establish a process that ensures the
Product design takes into account supportability requirements. This process includes several
analysis activities concerning a wide range of support considerations. The customer and the
contractor must agree on the activities necessary to achieve proper supportability. Early
consideration of supportability aspects is increasingly important with respect to both operational
and economic aspects. Customers cannot accept a product that is not cost-effective to operate
and maintain.
Modern products very often contain software elements. The overall Logistics Support Analysis
(LSA) process for software and hardware is similar. Therefore, this chapter is valid for the
supportability of software, as well as hardware. However, Chap 13 contains additional aspects
specific to software that it is necessary to consider.
Product support activities are significant in terms of cost. Support costs are much higher than
acquisition costs in the life cycle of a complex technical Product. Because of this, there is a
trend in projects to consider supportability aspects as important as performance aspects.
Note
What is the meaning of the term logistics? There is certainly a tendency to associate this
term to transportation. However, the term logistics is also used when referring to Product
support activities. In the past, logistics was often used in the context of supportability.
Logistics support covers the supportability characteristics with respect to required
maintenance (both, corrective and preventive) and operational support, which includes for
example servicing activities and Packaging, Handling, Storage and Transportation (PHST).
However, the association of the term logistics to transportation can lead to
misunderstandings on the actual meaning of LSA. For this reason, the tendency is to
replace the term logistics by supportability in the current version of S3000L, wherever
appropriate.
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1.2

1.3

2.1

The word logistics is included in the acronyms Logistics Support Analysis (LSA) and Integrated
Logistics Support (ILS). As this is a well-established term, Logistics Support Analysis (LSA) will
still be in use in this specification. However, in order to harmonize with the rest of the ASD/AIA
S-Series IPS specifications the term Integrated Product Support (IPS) will globally replace
Integrated Logistics Support (ILS). Eventually, Product Support Analysis (PSA) will globally
replace LSA, but not within this issue.

Purpose

This chapter is a guideline for the establishment of an effective LSA process. It considers each
phase of a Product life cycle and emphasizes the importance of supportability requirements.
Additionally, it describes the interaction between the contractor and the customer during the
different phases of the Product's life cycle. The LSA process has two main purposes:

— additional influence on design (beside the support engineering analysis activities) to ensure
appropriate supportability with the help of different analysis methods
— coordination of the creation of IPS products

The LSA process identifies requirements for spare parts, consumables, technical publication,
support equipment, personnel, training, facilities, infrastructure, and software support. It
supports and coordinates the development of the IPS elements. Altogether, this is a complex
and extensive challenge, which requires accuracy. An efficient plan for a successful introduction
of new complex technical Products calls for a properly established LSA process that the
customer and the contractor must adopt and use.

Scope

The target readers of this chapter are IPS and LSA managers either working for the customer or
the contractor. It aims to highlight that LSA is a powerful methodology to build the core needs
for IPS realization. Additionally, the use of relevant LSA information helps performing monitoring
and control functions. The application of an LSA process can positively influence the quality and
commonality of IPS products. Taking into consideration the various analysis results ensures the
fulfilment of the customer's needs for supportability, operability, and availability.

LSA process overview
The LSA process includes a set of activities:

— activities before contract signing - Refer to Para 2.1

— activities to establish the LSA process - determination of basic requirements and
preparation and attendance of the LSA Guidance Conference (LSA GC) - Refer to
Para2.2.1

— determination of scope of LSA activities by selection of LSA candidates and corresponding
analysis activities per LSA candidate - Refer to Para 0

— execution of LSA process - performance of analysis activities and documentation of
analysis results - Refer to Para 2.2.3

LSA activities before contract signing

It is necessary to negotiate essential decisions influencing the LSA effort before the LSA GC
takes place. The LSA process usually begins when preparing an offer. The final version
contained in the corresponding contract will be like the original one. This applies to any LSA
significant aspect within the contract (eg, related Statement of Work (SoW)), as well as to
contractual details such as deliverable items, indispensable specified values, or major
milestones. For this reason, it is necessary to carry out a series of investigations before
submitting the contractual offer (eg, identification of LSA activities considered mandatory,
recommended, or voluntary, depending on early strategy judgment and/or the kind of Product
and equipment under assessment). Refer to Fig 1.
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The LSA GC serves as a means to provide the customer with the details of all activities, along
with the associated rules, time schedule and deliverables (including required formats) based on
the contractual agreements. Finally, it will be possible to clarify all customer questions regarding
the LSA effort. LSA GC must contemplate a certain amount of project-specific adaptation,
without the need to discuss contract or cost changes. Considering the iterative nature of LSA
activities, a project must allow for customizations (tailoring), in order to be flexible.

= <z N\

- customer's : System
needs Offer by the hardware,

. general usage document(s) i bidder software
information etc...

+ global strategy
« LSArelevant Prelimi ;

reliminary LSA strategy and plannin
conditions y ay P g

Prepared by LSA as contribution to offer:

- Proposed global LSA strategy

- Preliminary operational requirements data for LSA

- Preliminary LSA analysis tasks (mandatory / optional)
- Alternatives and trade-off analysis

- Statement of Work (SoW) concerning LSA

- Assessment of related effort to proposed LSA

|

LSA contribution to the offer under preparation

If necessary, additional LSA activities will be
undertaken in order to adapt to the contract.

LSA activities as defined in the contract
(in a consolidated form)

The LSA results for contribution to the offer and contract
may be reused as part of preparation for the LSA GC.

LSA GC
Defines details i.a.w. contract together with
rules to a further extend

ICN-B6865-S3000L0003-002-01
Fig 1 LSA activities in conjunction with the preparation of an offer/contract
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2.2 LSA process flowcharts after contract signing
22.1 Establishment of LSA process
CUSTOMER ACTIVITIES CONTRACTOR ACTIVITIES

Request for Proposal (RfP) = Contract preparation/negotiations
= Contract, MoU, Top Level Requirement Specification ...

' ! '
Establish Product usage and Prepare LSA Guidance Conference Establish Product design and
general support data (LSA GC) performance data
{ General usage aspects W ( LSA Program Plan (draft) J [ General performance data \
{ Operational requirements LSA Guidance Document (draft) ] | General Product design aspects |
[ Customer requirements J Candidate Item
List (draft)
[ Contracted Data Requirement ‘
List (draft)
|
‘
Perform LSA Guidance Conference ﬂ
|
{ i i ] ] ]
g

. . Contracted Data
L Candidate ltem List J [ Requirement List

$elll (CDRL)
ICN-B6865-S3000L0004-003-01
Fig 2 Flowchart of LSA process at a glance (sheet 1 of 3)

LSA Guidance

Document (LSA GD)

LSA Program Plan
(LSA PP)

\

2.2.2 Determination of scope of LSA activities
CUSTOMER ACTIVITIES CONTRACTOR ACTIVITIES
Establish Product breakdown
according to agreed rules
Deliver CIL to 1
) Evaluate Ol selection the customer Select Candidate Items (CI)
according to agreed rules
:
yes CIL agreed .
Agreed ? :
no Clarify non-agreement
and/or modification of
CIL
Deliver
enhanced CIL
) Evaluate recommended analysis to the customer Recommend analysis
activities for the agreed CI activities for the agreed CI
Enhanced CIL i
yes agreed i
Agreed ? !
no Clarify non-agreement to
analysis activities for
agreed Cl

ICN-B6865-S3000L0004-003-01
Fig 3 Flowchart of LSA process at a glance (sheet 2 of 3)
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The selection of LSA candidates and corresponding analysis activities is an ongoing process.
After a first determination based on the results of the LSA GC, the progress of the design and
development process can justify an adjustment of the CIL and analysis activities per LSA
candidate item.

2.2.3 Execution of LSA process and related analysis activities

CUSTOMER ACTIVITIES Q CONTRACTOR ACTIVITIES
B

Analysis update
as required

Deliver analysis

results
I Evaluate and comment analysis results }0—‘ Perform selected analysis activities |

no

.........

Clarify non- 1 Identify

agreement !+ Reliability

of analysis i * Correct
results

yes Clarification
successful ?

no

Remaining non-agreement
= LSA review conference

Perform LSA review conference ﬂ =
!

—-{ Confirm/accept LSA results }—-| Start with creation of IPS products |

ICN-B6865-S3000L0004-003-01
Fig 4 Flowchart of LSA process at a glance (sheet 3 of 3)

The analysis activities are an ongoing process. The analysis processes lead to a continuous
growth of data/information concerning the expected maintenance and operational support
solution. It is necessary to harmonize all analysis results with the customer. The customer must
agree to the proposals concerning all maintenance and operational support tasks. In case of
any disagreement, an LSA review (refer to Para 9) can serve as an instrument to discuss and
finally clarify the unresolved issues, which could not be clarified in advance. After an LSA
review, the parties can come to a final agreement after clarification of the pending issues. If it is
not the case, the contractor must update/repeat the analysis, taking into account the customer's
objections.

2.3 LSA process details
Para 3 to Para 10 describe in detail the activities illustrated in Fig 2, Fig 3 and Fig 4.

— details concerning Para 2.2.1 - Establishment of LSA process

e establishing Product usage and general support data, refer to Para 3
e establishment of Product design and performance data, refer to Para 4
e LSAGC, referto Para 5

— details concerning Para 0 - Determination of scope of LSA activities

e candidate item selection and identification, refer to Para 6
e analysis activities in the context of an LSA process, refer to Para 7
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— details concerning Para 2.2.3 - Execution of LSA process and related analysis activities

analysis workflow processes, refer to Para 7.6

customer involvement, refer to Para 8

LSA review, refer to Para 9

starting point and management of IPS products creation, refer to Para 10

Establishing Product use and general support data

To identify the pertinent supportability aspects of a new Product, it is necessary to collect all
relevant information related to the intended use and document it in a set of consistently
structured, mandatory documents. Sometimes, the complete relevant information is not
available during the preparation phase of a project. In this case, iterative steps are necessary to
provide a complete definition of the customer's use of the Product under analysis. In any case,
changes to the use scenario play a crucial role in Product support and supportability analysts
must consider them accordingly.

General use and support aspects

Some general decisions are necessary to establish an initial overview that identifies pertinent
supportability aspects. These first decisions must consider the overall preconditions for the use
of the new Product to be introduced, as well as consider some strategic aspects coming from
the Product design and performance data, which are described in Para 4. A general project
document describing the overall support strategy must define these general decisions. This
strategy must serve as a basic guideline for the further execution of any supportability analysis
and the creation of the Operational Requirements Document (ORD) and the Customer
Requirements Document (CRD).

It is necessary to answer the following general questions before, or at least in parallel to the
creation of the ORD and CRD:

—  How will the Product be used?
It must include a short description of the Product including key features, key requirements,
and basic technical data.

— Wil contractor support be required? If yes, at which maintenance levels?
It is possible to answer this crucial question only by a deeper examination of some
additional aspects described in the following questions.

—  Where will the Product be operated and maintained?

¢ In which operational environment will the Product be operated and maintained (from a
fixed/industrial/benign environment to a mobile/austere/hostile one)?

e Will the environment influence the item’s characteristics (eg, reliability, maintainability)?

e  Will the environment significantly influence the methods for item repair? If so, there can
be a better approach than contractor support.

— How long will the Product be used (predicted service life)?
If the Product will only be on the inventory for a few years, then contractor support is
preferable to a lengthy and costly organic support structure.

— How many maintenance levels are planned for product support?
It is necessary to establish the repair strategy clearly before writing the ORD.

— What are the features and/or typical activities within each maintenance level?
For example, in a classical two-level maintenance concept, the typical activity is
replacement of equipment and returning the faulty equipment to the contractor or to the
original manufacturer for repair.

Applicable to: All S3000L-A-03-00-0000-00A-040A-A
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3.2

— st possible to use directly existing maintenance capabilities and adapt them to the support
concept for the new Product?

— Isit possible and effective to use existing maintenance capabilities from other products or
other similar products at or nearby the operating locations?

— Is it better to involve the customer in any repair activity of the Product, or to limit the
corrective maintenance to simple equipment replacement? The involvement of the
customer depends on the abilities that the customer can provide.

—  What is the acceptable frequency and duration of preventive maintenance (expressed in
measurable terms)?

— Are there limitations for preventive maintenance (eg, because of special preconditions
concerning available personnel, competence or facilities and infrastructure)?

—  How much of the software is mature? How much is unique to the customer?
In case the delivered software is not 100% bug-free, it can take several years for the
software to mature. The Product support structure must also address software support of
potential upgrades required by the user. However, any modifications in the software source
code cannot be regarded as maintenance. They are a design change and must also follow
the process of software development, refer to Chap 13.

— Is there any software/data loading and/or unloading that the customer must perform?
Which concept must be established to ensure proper function of the Product after the
loading of software/data at an acceptable level (eg, simulated integrity test based on a
hardware-software compliance matrix in a test bench, General Purpose Test Equipment
(GPTE) concept for software, required software device, and encrypting system for loading
and/or unloading).

—  What is the expected need for Product upgrades due to changes in technology?
This question determines how the customer's support structure can keep up with the
changes in the Product, and how to modify the support strategy, if required. If it is difficult or
even impossible for the customer to perform this, it is preferable to use contractor Product
support.

It is necessary to provide the most complete answer to all these general questions. Additional
questions can arise, depending on the project and on the Products included in the project. The
basic principle is to use the best information available. It is recommended that the customer and
the contractor create and negotiate a basic document with all general information. Ideally, this
occurs before the preparation of the ORD and CRD.

Operational requirements document

The definition of operational requirements must be quantitative and qualitative. It is necessary to
consider analyses conducted previously and concerning the area of operation and Product use,
as these analyses identify the relations between hardware, use, and supportability. It is also
necessary to define the identified operational requirements and gather metrics. Operational
requirements serve as a starting point to develop supportability requirements. Each
supportability requirement must be based on an operational requirement, and it is necessary to
identify their relation clearly. If the basis for the supportability requirement is not clear, that
requirement should be regarded with suspicion. The main goal is to identify and document the
pertinent operational requirements related to the intended use of the new Product. The authors
of the ORD are required to identify the Key Performance Indicators (KPI). Any parameters
identified as KPI must be candidates for review if they have a negative impact on supportability
attributes. At an early stage of the project, the ORD requires the Product developer to make
difficult choices between “must have” and “nice to have” items. This information is vital for the
supportability analysts to understand what they must support, regardless of costs, and what
they can trade off.

Applicable to: All S3000L-A-03-00-0000-00A-040A-A
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3.2.2

3.2.3

3.24

General use scenario
In the general use scenario, it is necessary to collect all information on the environmental
aspects of Product use. This information includes but is not limited to:

— general description of overall use areas and/or mission areas

— possible operational scenarios and requirements for each scenario

— influence on the environment by the use of the Product and resulting activities to avoid or
reduce negative influence

—  supportability problems arise during the life of the Product currently in use

— interaction and dependability with existing Products

—  mobility requirements

Geographical position of locations and special conditions of each location
It is necessary to collect details on each location in which the Product will be operated and any
special aspects of those locations. These details include, but are not limited to:

— number and geographical position of the operating locations

— type of each operating location

— special conditions at each operating location

— Is the location in a region currently at war?
Threat situations require a special emergency support concept limited to the minimum
amount of intervention.

— Is sufficient infrastructure available to access each operating location?

— special infrastructural requirements for reaching a location

— capabilities (existing and planned) of each location (eg, support equipment, facilities,
infrastructure, personnel, supply depot, repair shop)

— interactions between different locations concerning, for example, maintenance support,
from one location to another location

Product deployment

It is necessary to collect details about the deployment of the Product and the interactions
coming from the deployment. The location of the Product affects the decision to use either
integrated or contractor support. These include but are not limited to:

— number of supported Products per location
— deployment of Products per location
— interactions between the different locations concerning use

Use overview

Depending on the customer, defining the planned Product use provides some basic input to
supportability analysis. The frequency and duration of the use, in combination with the reliability
of the Product, provide the initial basis for determining the range and quantity of the required
support resources. These include but are not limited to:

— key use/key missions per location

— performance parameters and constraints
It is necessary to identify Product performance parameters such as range, accuracy,
payload, or speed in measurable terms, avoiding general or potentially ambiguous terms.

— allocated operational availability and use/mission success rates

— operation per unit of time

— operation profile per operating day, week, month, or year

— use of the Product as training equipment, taking up a portion of operating time
—  permanent operational conditions/possible maintenance windows

— average duration of each unique use event

Applicable to: All S3000L-A-03-00-0000-00A-040A-A
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— key measurement base of use per unit of time

For a detailed checklist on how to create an ORD, refer to Para 11.1.

3.3 Customer requirements document
The customer must consider all Product support requirements to ensure proper Product use.
The supportability analysts can influence the supportability and design of a new Product in the
most efficient way during the early development stages of the Product. One method to convey
these needs is to document them in a CRD. Para 3.3.1 thru Para 3.3.9 provide the scope of the
CRD.

3.3.1 Supply concept
The supply concept is crucial for logisticians. A general decision on how to organize the
provision of spare parts and consumables can have high impact on the maintenance scenario.
The analyst must decide whether there is a need to plan facilities and infrastructure to organize
supply storage areas, and determine who will manage the supply chain when outsourcing the
supply chain management. Costs (especially facility construction) and obsolescence are
important aspects.

3.3.2 Support equipment concept
To be cost effective, it is advisable to acquire common support equipment, instead of special
support equipment wherever possible. To reduce costs, it is important to evaluate whether it is
possible to use or adapt for use the existing support equipment.

3.3.3 Personnel integration and staff training
Manpower issues are crucial to the supportability of many Products. It is necessary to plan the
timely training of all support personnel. It is necessary to address acceptable risk levels, training
level needs, and manpower ratios as supportability requirements. There are two types of
training needs: initial and on-going. Both are important to ensure adequate personnel
competence. Preserving a specific competence is often a crucial issue, considering a high level
of turnover in personnel. There can be a rapid turnover in repair and maintenance personnel as
well. Support planning must deal with these issues.

3.34 Facilities and infrastructure
Early planning for facilities and infrastructure is necessary because of the long lead times
associated with site acquisition and allocation. It is necessary to plan the facilities for
maintenance activities to ensure the relevant support to process needs and activity workflow.

3.35 IT and communication resources
IT and communication resources need proper preparation. The preparation includes, but is not
limited to:

— What constraints are necessary to provide interfaces with other services?

—  What is the trade-off when X architecture provides a desirable improvement in operational
availability but denies access to Y communications network used by another service?

—  Which IT architecture must exist or must be developed additionally?

IT resources must include all aspects such as computer hardware, computer network
components, network wiring, communication protocols, software packages, data security, and
standards.

This subject also requires an understanding of future capabilities. The engineer and
supportability analyst must be aware of the status of other related projects, in order to design a
Product that, at the time of its deployment, will interface with the other forecasted Products. It is
necessary to address how the Product interacts with the planned future communications
architecture. The analyst must assess the impact of expected IT system changes to determine
necessary adjustments to the support structure.

Applicable to: Al S3000L-A-03-00-0000-00A-040A-A
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3.3.6

3.3.7

3.3.8

3.3.9

3.4

3.5

New organizational structures
Considerations on new organizational structure cover two aspects:

— any change to the established organizational structure at a location of the customer to
support and operate the Product

— any change in the organizational structure (eg, reduction in personnel) because a new
Product replaces an existing Product or because the new Product is easier to maintain

Organizational structure changes have a major impact on available support infrastructure and
this impact must be accounted for the development of a new Product.

Schedule considerations

The supportability analyst is obviously concerned with scheduling decisions. Product support is
a vital and integral part of any fielded Product. It is necessary to consider the risk of delays
and/or inefficient use of resources. If supportability considerations are integrated in each project
phase, the supportability schedule will be synchronized efficiently and integrated with other
discipline schedules (eg, engineering or production).

Additional aspects

This paragraph addresses special aspects such as PHST considerations, and defines unique
data requirements. Logisticians must know how and when they will use the data they require,
and they must be able to separate essential data from data that can be useful to cover possible
contingencies. PHST, disposal, and environmental impact considerations are far from being the
main concern of system designers, developers, and users, but they are important and can
potentially cause expensive consequences. Supportability analysts must understand the
potential impact of these issues on the Product from the outset and must raise these issues
whenever they have an impact on project planning.

Detailed checklist for the creation of a customer requirements document
For a detailed checklist how to create a CRD, refer to Para 11.2.

Time schedule for document creation

To ensure that all required information is available for each of the three basic documents that
identify Product use data, it is necessary to identify a sequence or workflow for the creation of
these documents. Refer to Fig 5.

General ORD CRD
usage
and
support
aspects

o r
— 3

Time

ICN-B6865-S3000L0002-002-01
Fig 5 Schedule for the creation of the basic documents

Site surveys

Site surveys of operational units and maintenance/repair workshops can provide a significant
input to the operational and customer requirements as they identify existing capabilities,
resources, and potential problems. Once there are sufficient details on the operational

Applicable to: All S3000L-A-03-00-0000-00A-040A-A
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environment for a new Product, site surveys can help determine existing operational units and
repair facilities that are most likely involved in the operation and support of the new Product. It is
necessary to document the results of site surveys, and include them in the ORD (eg, as an
additional appendix).

3.6 Qualification requirements
If the customer requires a qualification process, the customer and the contractor must clarify, at
an early stage, which aspects of maintenance and operational activities to take into account to
achieve Product qualification by the customer's authorities. The customer must define the
requirements for the qualification and transmit them to the contractor together with the ORD.

3.7 Certification requirements
If a certification process is necessary for Product operation in the predicted environment,
special attention must be given to the collection and documentation of the maintenance and
operational support activities that are a part of the certification. These activities are necessary,
regardless of their cost. All aspects of maintenance and operational support activities that
influence certification must have priority. In its early stages, the project must clarify which efforts
to consider in order to fulfil the requirements of the certification authority. The certification
authority defines the certification requirements and the customer and contractor must be familiar
with them.

The customer and the contractor must ensure that the differences between the qualification
process and the certification process are evident and well known to each responsible person.

4 Establishment of Product design and performance data

LSA requires the identification and documentation of relevant Product design and performance
data/information. This includes, but is not limited to:

— selection criteria concerning LSA relevant data and information - Refer to Para 4.1

— influence of overall LSA strategies and principles on LSA data selection - Refer to Para 4.2
— acceptance rules concerning the verification of values - Refer to Para 4.3

— criteria and procedural aspects for verification of projected values - Refer to Para 4.4

4.1 Selection criteria concerning LSA relevant data and

information

In this context, all data and information subject to verification and control within the intended
LSA process must be considered relevant. Depending on the individual Product subjected to
LSA, the related contract and specifications, as well as the established IPS plan, it will be
necessary to provide details on the related criteria. Relevant information must be documented
as requirements in order to set a goal to be verified within the established LSA process. A
general approach must consider the selection criteria described in the following paragraphs.

4.1.1 LSA data and information derived from contractual documents
It is necessary to examine contractual documents carefully, as they can contain Product design
and performance features relevant to LSA that documented LSA data/information can verify.
Usually, these documents cover overall Product requirements or crucial KPI to establish
mandatory goals and/or thresholds potentially related to contract incentives or contract
penalties. Example KPI are:

—  Specified maximum maintenance man hours per operating hour
This value can serve as a benchmark concerning successful maintenance design.

—  Specified maximum Mean Time To Repair (MTTR) paired with specified MTTR percentile
These values can serve as an indication for successful design as they relate to repair within
established time constraints.

Applicable to: Al S3000L-A-03-00-0000-00A-040A-A
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—  Specified maximum failures per operating hour
This value indicates the desired reliability of the Product and, inversely, the maintenance
workload.

—  Specified figures concerning minimum availabilities
These values can indicate successful design in terms of readiness for operation.

—  Testability characteristics
These values indicate how the design ensures internal means like Built-In Test Equipment
(BITE) and overall test architecture monitor vital functions, and detect and localize potential
malfunctions.

—  Minimum operational lifetime
This value indicates a minimum lifetime requirement. This must indicate any risk of falling
below the established threshold.

4.1.2 LSA data and information derived from Product use and general support data
It is possible to document relevant information as a baseline reference. In this context, refer to
Para 3. Examples are:
— Annual Operating Requirements (AOR) with their measurement base
— number of operating locations to be considered
— number of Products to be operated at each location
— maintenance levels to be established at each location
— maintenance personnel available at each location (number of persons by specific
competence)
4.1.3 LSA data and information derived from design and performance specifications
For verification and/or control purposes, it is possible to document LSA relevant parameters
influencing the design and performance of the Product. In this context, refer to Chap 5.
Examples are:
— specified Mean Time Between Failures (MTBF), together with the related measurement
base indicating the minimum value
— reliability growth
— specified testability features concerning BITE
— specified maximum allowable time for replacement
— specified MTTR, paired with specified MTTR percentile
These values can indicate successful design in terms of repair within established time
constraints.
4.1.4 LSA data and information relevant for Product certification and verification
It is also possible to gather LSA relevant information from other documents and/or analysis
results originated by the design department, Configuration Management (CM), maintainability,
safety, stress department or from the customer's documents. Examples are:
— special operation and/or repair limitations (eg, temperature ranges, anti-static protection
requirements, clean air repair conditions)
— delivery plans
— validity information (eg, version applicability)
— hazardous classification of the functional failures that must be avoided by means of
preventive maintenance
—  Preventive Maintenance Task Requirements (PMTR) - Refer to S4000P
— storage limitations and/or requirements
— criticality classification of specific parts
Applicable to: All S3000L-A-03-00-0000-00A-040A-A
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4.2

42.1

Influence of overall LSA strategies and principles on LSA

data selection

Prior to determining the relevant Product design and performance data, the tailoring of the LSA
program must include an overall LSA strategy. The tailoring processes are dependent on the
project’s complexity, value to business units (contractor), and known risk factors. Afterwards, it
is necessary to balance these constraints and performance requirements between the required
analysis efforts, time, schedule, and allocated budget, aiming at the best cost/benefit value for
the project. All stakeholders will review and evaluate these requirements, issues, and
constraints during the LSA GC to achieve consensus. A corresponding document that
represents the agreed business rules will record these findings, analyses and resulting
agreements.

This tailoring activity is an iterative process that must take place at each program phase. The
tailoring analysis for each phase must include the results and lessons learned from the previous
phases.

Procedures and principles influencing selection of LSA data

The overall support strategy and principles can influence the selection of Product design and
performance data in relation to the LSA process. Typical examples for influencing support
strategy and principles are:

—  Pre-determined two-level maintenance concept:
Maintenance is mainly limited to two maintenance levels, one for item replacement, and the
other for item repair. This will avoid requiring duplicate inventory at different repair facilities.
If the equipment that requires removal and replacement at the operational site has a low
failure rate and a high detectability rate (eg, by BITE), and if there is a responsive supply
chain between the operational sites and suppliers, then the two-level maintenance concept
is normally preferable because of overall cost considerations. With this concept, LSA data
are limited to pre-determined Maintenance Levels (ML).

— Repair only at a certain ML
Repair is limited to user sites to achieve maximum autonomy, independent of cost-
effectiveness. With this concept, repair option data are limited to the pre-determined ML.

—  Limited repair at ML1 and/or ML2:
The corrective maintenance activities can be limited to the replacement of an item (no
in situ repair) to shorten any operational downtime. With this concept, maintenance tasks
are limited to pre-determined criteria.

— Single source principle:
In case of a major repair, the best solution is to choose the item supplier because of, for
example, their related experience, and readily available personnel and equipment. With this
concept, repair data are limited to the information provided by the supplier.

— Interim support concept:
In order to acquire experience and reduce risks prior to final decisions on support concept,
it is possible to establish an interim support phase. Within a temporary phase, the customer
normally makes use of direct support provided by the contractor or by the equipment
manufacturer. With this concept, support concept data are limited to preliminary
information.

—  Commercial Off-The-Shelf (COTS) concept:
If the equipment used is already available on the market, related conditions must be
accepted. However, a COTS equipment needs support as well. It is strongly recommended
not to underestimate the effort needed to determine required maintenance and operational
support based on the information provided by a supplier. Such information can be very
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limited, or rather extensive. With this concept, data must reflect related supplier
information/conditions.

4.3 Acceptance rules concerning the verification of values
Clearly defined acceptance rules must be established to avoid uncertainty during the verification
process. These rules will allow accurate acceptance or rejection of the results for Product
design and performance data relevant to LSA.

4.3.1 Category of measurement values
The type of requirement should be stated regarding the importance of the related values such
as:

— mandatory values
—  oObjectives
— thresholds (minimum or maximum values)

4.3.2 Identifying tolerances
For each identified value, it is necessary to express its associated tolerances such as:

— tolerances for the dedicated value expressed by the requirement for one single value

— tolerances concerning a group of similar values, for example, possible compensating of
failure rates within a given area of items under analysis in order to meet the failure rate of
the group instead of the single items, (eg, by following additional constraints)

4.3.3 Establishment of acceptance criteria
It is necessary to establish measurable acceptance rules for each specified value, along with its
related requirement. These rules must identify the basic conditions (eg, fulfillment of minimum
required values based on sufficient statistic confidence levels) that lead to the acceptance or
rejection of specified values.

In addition, it is necessary to state the consequences of the established status information:

— status of the Item Under Analysis (IUA) indicating the acceptance of the documented value

— status of the IUA indicating the rejection of the documented value and the related
justification

— status of the IUA indicating the conditional acceptance of the documented figure (eg, in
general acceptable, but requiring minor adaptation)

434 Establishment of special rules
If special rules are established, it is mandatory to define the related conditions and values to
avoid uncertainty:

— establishment of penalty regulations for failure to meet specified LSA significant data
— establishment of rewards in case of exceeding specified LSA significant data

4.4 Criteria and procedural aspects for verification of projected

values
Finally, it is necessary to establish the criteria for verification of data and/or other information
subject to verification.

44.1 Determination of measurable target values
For data element under consideration, it is required to establish and document the related
projected value range by considering the original target along with its established tolerances
and relevant acceptance rules, if any. It is possible to allocate the projected value range to a
single item and/or a group of dependent items covered by relevant acceptance rules, to
establish the related acceptable values that fulfill the requirements.

Applicable to: Al S3000L-A-03-00-0000-00A-040A-A
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4.4.2

4.4.3

4.4.4

4.5

Verification of the individual projected values

It is necessary to make a comparison between the relevant data or other information derived
from the analysis process and the associated acceptable values. The results must be reported
to the analyst and/or involved management and indicate whether the actual LSA values are
consistent with the projected values.

Verification method
The customer and contractor must agree on the projected values and the relevant verification
method:

— verification by provision of analytical proof

— verification by analytical methods based on appropriate tests (eg, performed at a test rig)
— verification by demonstration on a prototype or serial versions of the Product

— verification in compliance with the rules of certification and/or demonstration programs

— verification by trial sessions (eg, performed by customer's staff)

— verification during long-term exercises (eg, during a defined maturity phase)

Verification for special purposes
Rules can be required when verification for special purposes is necessary in order to gain
certifications, qualifications, or licenses.

Checklist for the LSA guidance conference
The checklist must contain all relevant proposals for design and supportability requirements. For
example:

— Have Product design and performance data relevant to LSA been identified?

e list of selected LSA data and information derived from contractual documents

e list of selected LSA data and information derived from Product use data

e list of selected LSA data and information derived from design and performance
specifications

e list of selected LSA data and information contained in other Product documents

e list of selected LSA data and information subject to certification and verification

— Have acceptance rules on the verification of relevant values been identified?

e Have measurable target values been identified for the selected data/information?

Has the category of measurement figures been indicated for the selected
data/information (eg, mandatory values, goal values, thresholds)?

Have tolerances been defined for the selected data/information?

If applicable, have compensating rules been established?

Are projected values acceptable/agreed to by the customer?

Have the consequences of acceptance/agreement concerning status information been
identified?

o If applicable, have penalties and/or rewards regulations been established?

— Have the overall LSA strategies and principles, which influence the aspects above, been
established?

e Identify the preferred maintenance concept (eg, is a two-level maintenance
mandatory?)

Has the supply chain management support concept been identified?

Have the repairs been focused on one maintenance level and, if so, which level?
Is repair at Maintenance Level 1 and/or 2 limited?

Has the single-source principle been determined?

Is an interim support concept applicable?

Applicable to: All S3000L-A-03-00-0000-00A-040A-A
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5.1

e Isit necessary to consider the COTS concept?

The details of the LSA GC checklist must be part of an LSA Guidance Document (LSA GD).

LSA guidance conference

The LSA GC must be the central event. Management staff and specialists from both the
customer and the contractor must attend it. At this conference, the binding agreements for the
performance of the LSA process must be established. During the LSA GC, the customer must
agree on the selection of Product design and performance data subject to verification and
control within the LSA process. This also applies to the relevant rules for the implementation of
the LSA process.

To maximize the outcome of this conference, it is necessary to prepare inputs and to have a
clear understanding of the expected results and final agreements. It is recommended to have
checklists concerning preparations and expectations for the LSA GC.

Note
It is recommended to avoid the use of the phrase "to be defined" as an input for any subject
to be discussed during the LSA GC. Specialists must prepare concrete proposals
concerning the performance of the required activities, and these proposals must serve as
the basis for all discussions. Evaluate the advantages and disadvantages (cost/benefit) of
the alternatives under consideration. Provide documentation of all alternative analysis and
decisions.

Documents and information for LSA guidance conference

Para 5.1.1 and Para 5.1.2 include lists of applicable documents relevant for the LSA GC. These
lists provide a guideline on the methodology to document the required information. The project
can add additional aspects or skip some information. Fig 6 gives a summarized overview of the
recommended inputs and outputs for the LSA GC.

Applicable to: All S3000L-A-03-00-0000-00A-040A-A
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Fig 6 LSA GC, inputs and outputs

It is necessary to negotiate the majority of essential decisions influencing the LSA effort, and
document them in the contract. This applies to any LSA relevant aspect within, for example, a
SoW and the corresponding parts of the commercial offer, as well as for contractual details such
as delivery items, indispensable specified values and major milestones. This mandates to
perform a series of investigations prior to the contractual offer. Said investigations include the
identification of LSA activities considered as mandatory, recommended or voluntary, depending
on early strategy judgment and the Product/equipment type to be assessed. Refer to Para 2.1.

Input to the LSA guidance conference
Table 2 provides an overview of the required documents/information to prepare for an LSA GC.

Table 2 Required input documents for the LSA GC

Type of document Content Responsible
party
General use and Strategic aspects of the Product design and Customer

support aspects

Contractual
documents

performance data concerning use and supportability
framework. Refer to Para 4.

Contractual decisions that can influence the LSA Customer
process must be available during the LSA GC and and
taken into account (eg, SoW, contracted LSA contractor

deliverables, milestones).

Applicable to: All

S3000L-A-03-00-0000-00A-040A-A
Chap 3
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Type of document Content Responsible
party

Operational Details about the use of the Product in the planned Customer

Requirements scenario at all operational locations. Refer to Para 3.

Document (ORD)

Customer Details of customer requirements regarding the Customer

Requirements operational scenario described in the ORD. Refer to

Document (CRD) Para 3.

LSA Program Plan Management plan for the LSA program Customer

(LSA PP) - DRAFT and
contractor

LSA business rules -  Implementation rules for the LSA program Customer

DRAFT and
contractor

Candidate Item List A preliminary list of Breakdown Elements (BE) and/or ~ Contractor
(CIL) - DRAFT parts to consider as potential LSA Candidate Items

(CI). It is necessary to present at least the rules for

candidate selection.

Data element list A list of proposed data elements required to document  Contractor
(DEL) - DRAFT the performance of all potential supportability analysis
activities.
5.1.2 Output of the LSA guidance conference

The result of the LSA GC must be a series of measurable rules, agreed by customer and
contractor, to guide the LSA process. These rules, checklists, and documents provide a clear
road map of needs and expectations between the customer and the contractor. The customer
and contractor must agree to and sign this collection of official documents. These documents
must at least contain the items shown in Table 3.

Table 3 List of output documents from the LSA GC

Type of document Content Responsible party

LSA Program Plan Initial release of the LSA PP. For details LSA GC participants

(LSA PP) concerning an LSA PP, refer to Chap 2. (customer and
Consensus of LSA GC participants required. contractor)

LSA business rules The business rules determine the LSA GC participants

implementation of the LSA process. Typically, (customer and
an appropriate document, for example an LSA  contractor)
GD, contain these rules. For details concerning

an LSA GD, refer to Chap 2.

Candidate Item List List of LSA candidates containing all BE and LSA GC participants
(CIL) parts selected for supportability analysis (customer and
activities, including the selected analysis contractor)
activities for each ClI.

Applicable to: Al S3000L-A-03-00-0000-00A-040A-A
Chap 3
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Type of document Content Responsible party
Data Element List A list of agreed data elements required to LSA GC participants
(DEL) document the performance of all potential (customer and

supportability analysis activities. The DEL can contractor)
be an appendix to an LSA GD.

5.2 Candidate item list
Para 6 describes in detail the creation of the CIL, including the associated rules.

5.3 Contractual documents
Contractual conditions are the basis for any project. It is necessary to consider all contractual
decisions made prior to the LSA GC. If these decisions affect the IPS process, they will also
have a major impact on the selection of the supportability analysis activities.

Another contractual consideration is the significance of the output documents of the LSA GC.
The supporting LSA GC documentation must support contractual requirements and needs for
both the customer and the contractor.

5.4 LSA database
The documentation of LSA data/information requires proper IT support. As a general
recommendation, an effective approach is to implement and maintain an LSA database based
on existing standards or specifications. Chap 19 and Chap 20 of S3000L specification provide
the baseline for the development and implementation of an IT solution.

During the LSA GC, it is necessary to determine the approach for the implementation of an LSA
database (or alternate solutions) within an LSA program. Some basic IT requirements must be
considered, including:

— selection of IT toolset

— common data source principle to avoid time-consuming and error-prone data exchange
processes (one LSA database for all stakeholders, if possible)

—  processing LSA data by import and export (if required)

— LSA data evaluation by creating project specific reports

— network capacity and security requirements (crucial for international projects)

— access rights to database content and database functionality (role concept)

6 Candidate item selection and identification

It is necessary to consider the LSA process to be cost-intensive. For that reason, the selection
of LSA candidates and the associated analysis activities must be carried out with reasonable
care to keep a good balance between the effort for LSA and the benefits obtained from the LSA
process. The LSA candidates can be different in quality, therefore the type of analysis process
and the depth of the analysis must vary depending on the LSA candidate type.

The selection of the LSA candidates requires a proper Product breakdown, and IPS aspects
must drive the breakdown. The configuration of the Product is of crucial importance. The first
baseline analysis establishes an appropriate Product breakdown, and it is necessary to lead all
further technical/supportability analyses performed during the entire LSA process. The
representation of a Product by Product breakdown must include a set of aspects, summarized
by the general term "configuration" of a Product:

— types of Product breakdown (eg, functional or physical)
— installation location and realization by hardware (parts) or software
— multiple installations of the same part at different locations

Applicable to: Al S3000L-A-03-00-0000-00A-040A-A
Chap 3
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— alternate parts for the realization at one and the same installation location

—  substitute components for equipment repair

— handling of variants of equipment/components within variants of the Product (configuration
aspect)

Chap 4 provides details on how to establish an appropriate Product breakdown using LSA-
relevant aspects.

6.1 Definitions and general terms
First, some definitions of terms used to describe Product components in the context of
supportability are introduced.

6.1.1 Candidate and non-candidate
The LSA candidate is the driver for all LSA activities. In general, any IUA on system, subsystem,
equipment, module, sub module or part level can be a potential LSA candidate. The IUA can be
an element of the Product breakdown, identified by a Breakdown Element Identifier (BEI), or an
element from a part list identified by a part identifier (eg, a part number). The analysis of the
LSA candidate aims to determine its need for any maintenance (preventive and/or corrective)
and/or operational support. The set of criteria described in Para 6.3 determine whether an IlUA
will be part of the CIL.

In addition to this hardware-related definition, special activities and/or descriptions can be part
of a Product breakdown. For example, it is possible to document the description of standard
practices for the repair of structural components within a special area/chapter of the Product
breakdown. In this case, these specific non-hardware breakdown elements can be LSA
candidates as well because of special events or maintenance tasks associated with them. Non-
candidate items do not require a detailed supportability analysis. These items do not need to
appear in a Product breakdown under a unique BEI or a part identifier. In case of a complex
breakdown, all items that do not fit into any of the selecting criteria given in the LSA candidate
selection checklist are potential non-candidates. Items that are only subject to standard tasks
and do not require any special resource are also potential non-candidates. Consumables and
bulk items (eg, screws, bolts, nuts, washers), as well as wiring or fuel lines, are typical examples
of non-candidate items.

6.1.2 Maintenance relevant items
It is necessary to consider any IUA affected by any maintenance activity to be relevant for
supportability analysis. Table 4 provides a definition for Maintenance Relevant Item (MRI).

Table 4 Definition of MRI

Item type Definition

Maintenance A MRl is an item that can be repaired or replaced in case of failure or
Relevant ltem  damage. These items are potential LSA candidates.
(MRI)

6.1.3 Structural items, structure significant items and structural details
The structure of a Product, such as the bodywork of a car, is also part of the Product
breakdown. Structural items can be typical LSA candidates, which can be repaired or replaced.
They can also be candidates for the Preventive Maintenance Analysis (PMA), and are therefore
relevant for potential PMTR. Refer to Table 5.

Applicable to: Al S3000L-A-03-00-0000-00A-040A-A
Chap 3
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6.1.4

6.2

Table 5 Definitions in the context of structural components of a Product

Item type Definition

Structural ltem A Sl is any part of the Product structure.
(S

Structural A structural item or assembly considered crucially important because it
Significant ltem carries aerodynamic, ground, pressure or control loads, and whose failure
(SSl) can affect the structural integrity necessary to operate the Product safely

and/or can become a hazard to human safety, and/or can affect law and/or
environmental integrity. Refer to S4000P.

Significant A limited area of an SSI or a local spot that is part of the whole SSI. Refer to
Detail (SD) S4000P.
Note

The definitions for SSI and SD are in line with those in S4000P. In order to document an
SD within the Product breakdown, it is necessary to consider that a part identifier normally
cannot identify an SD, because the SD is just a specific area of an SSI. For this reason, it is
recommended to identify an SD using an additional BEI one level below the SSl itself.

Non-hardware items

A hierarchical hardware breakdown usually documents only hardware (including software, if
required). It must be possible to include non-hardware items in the Product breakdown, in case
there is a need to describe any general task that cannot be assigned to a specific
hardware/software or that is a standard procedure for a group of items (eg, standard repair
procedures for electrical wiring). Refer to Chap 4. Logical aggregation by systems/subsystems
(eq, fuel system of a vehicle, hydraulic system on an aircraft) or segmenting of a Product by
zones are typical examples of non-hardware items. These non-hardware items can also
become LSA candidates because there can be maintenance or operational support tasks which
need to be documented against these items (eg, a system test or a zonal inspection).

Classification of LSA candidates

It is recommended that categories for LSA candidates be established. This ensures keeping the
analysis effort to an adequate level for each category of LSA candidate. Table 6 shows the
possible categories for LSA candidates. The customer and contractor must define and
harmonize the exact meaning of each category, especially for partial candidates, as it can be
necessary to define more than one partial type within a specific project.

Table 6 LSA candidate categories

Candidate Description
category

Full candidate  Provide the complete range of selected LSA information applicable to the
related item.

Partial Provide a partial scale of selected LSA information applicable to the related
candidate item, (eg, only remove and install information to gain access to other items,
but no repair information required because the item is a safe life item).

Candidate Provide LSA information focused on specific requirements for similar items.

family For example, for a family of items such as specific wirings, harnesses, pipes,
lines. Provide information on minor items of the same type (eg, clamps or
connectors). Those items can only require a summary analysis for the family.

Applicable to: All S3000L-A-03-00-0000-00A-040A-A
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6.3

6.3.1

6.3.2

6.3.3

Candidate Description

category

Standard Provide a partial scale of LSA information because the LSA information of
procedures other non-hardware BEI (eg, tasks concerning standard repair procedures of
candidate structure or electrical wiring) covers all relevant information for this item.

For every LSA candidate type, it is necessary to establish a list of criteria and to develop a
flowchart for the decision process to support the analysts together with this list of criteria.

Selection process and criteria list

For LSA candidate selection, it is necessary to evaluate the significance of each breakdown
element and/or part with respect to LSA purposes. If the agreed selection process indicates that
an item is a candidate according to the selection rules, the relevant item will become an LSA
candidate.

It is necessary to adapt the LSA candidate selection process to each project. Para 6.3.1 thru
Para 6.3.4 give examples for typical selection criteria. Additionally, Para 11.3 includes basic
LSA candidate selection flowcharts. Depending on the project, it is possible to modify some
questions in the flowcharts or to adapt the selection flowchart with additional questions.

To perform the LSA candidate selection process, it is necessary to fulfil some preconditions
concerning Product breakdown and the establishment of rules.

Preconditions for the selection process - Product breakdown

A hierarchical Product breakdown will establish the LSA candidates from the root level (in
general the Product itself) down to the required depth for the sub-module or part level.
Therefore, the availability of a Product breakdown is the most important precondition to perform
an LSA candidate selection. It is essential that the existing breakdown be applicable to this task
by considering the following criteria:

— Is the Product breakdown available in a sufficient maturity, depth and extent? Refer to
Chap 4.

— Is this a preliminary issue of the Product breakdown (eg, to respond to a request by a
potential customer, or to enter into a pre-contractual agreement with a potential customer)?

— Has the customer already accepted the existing or initial Product breakdown (including
methodology)?

Preconditions for the selection process - existing analysis results
LSA candidate selection must use each existing analysis result (eg, from analysis activities
performed in advance or provided by the manufacturer). Examples are:

— existing experience for equipment already used in other products

—  existing maintainability, reliability or testability information/data

— existing Failure Mode and Effects Analysis (FMEA), or Failure Mode and Effects Criticality
Analysis (FMECA) results

Preconditions for the selection process - Candidate selection rules

As a part of the LSA GC, the contractor and the customer must establish the rules for LSA
candidate selection and the extent of analysis per LSA candidate. This means that, at the
beginning of an LSA GC, it is only possible to present a preliminary CIL rather than a final CIL.
The criteria that can serve as a basic guideline for aspects potentially relevant to LSA candidate
selection include, but are not limited to:

Applicable to: All S3000L-A-03-00-0000-00A-040A-A

Chap 3

DMC-S3000L-A-03-00-0000-00A-040A-A_003-00_EN-US.docx 2021-04-30 Page 26



S3000L-B6865-03000-00

— the item has a significant impact on maintenance concerning the related failure/defect
frequency or the awaited workload

— the item requires special resources, such as highly qualified personnel or specific training,
material or support equipment

— the item is subject to preventive maintenance with a scheduled interval (eg, preventive
replacement of life-limited items)

— the item is subject to other preventive maintenance procedures (eg, after special events
such as lightning, overheat, hail strikes, contact with obstacles)

— the item is subject to diagnostic and/or functional test tasks (eg, complete system tests)

— the item is potentially endangered by damage due to the installation area and/or the design
of another item

— the item is subject to the use of new technology

— the item contains user-loadable software (including data)

The following items are potential LSA candidates that require assessment for a global point of
view or for special interests:

— Theitem is a potential readiness driver

— Theitem is a potential cost driver (eg, expensive support equipment required)
— The item is a potential maintenance driver (eg, high workload expected)

— The item is subject to explicit customer interest

— The item is subject to contractual fulfillments related to LSA

The following items are potential LSA candidates that require assessment only or mainly for
standardization reasons:

— The items require only removal and installation tasks in order to gain access to an LSA
candidate. These items do not require full LSA activity, but it is necessary to standardize
and document the involved supportability requirements.

— Documentation of general tasks. Those tasks need to be considered mainly for registration
and documentation of the associated supportability requirements. Often, the general tasks
are linked to non-hardware BEI.

—  Groups of items that could require a summarized supportability analysis, for example a
family of non-specific wirings, harnesses, pipes, lines, minor items of the same type (eg,
clamps or connectors)

It is necessary to detail all the criteria above using measurable threshold values. For example,
the criteria must use a clear threshold value (eg, the MTBF) to indicate whether an item is
significant for maintenance with respect to the related failure/defect frequency. The above
criteria fit for all types of candidates. Para 6.3.4 describes the possible criteria for the
differentiation of the candidate types.

6.3.4 Preconditions for the selection process - candidate classification selection rules
To support this part of the LSA candidate selection process, Table 7 thru Table 9 provide
examples of criteria for the different candidate types. Para 11.3 provides the flowcharts for
candidate item selection.
Table 7 Classification criteria for full LSA candidates
Candidate Classification criteria Required
classification answer
Full candidate Is the item a newly developed or a major modified item Yes
(functional equipment, not valid for structure)?
Is the item a Line Replaceable Unit (LRU)? Yes
Applicable to: All S3000L-A-03-00-0000-00A-040A-A
Chap 3
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Candidate Classification criteria Required
classification answer
Is the item a repairable item? Yes
Is the item a low-reliability item (is low-reliability measurable)? Yes

Is the item relevant for maintenance? In other words, are there Yes
any dedicated maintenance tasks planned such as repair,

servicing, lubrication, or calibration (no general tasks such as

simple cleaning)?

Are dedicated maintenance tasks complex, time-consuming or do Yes
they require many staff members?

Is the required support equipment for dedicated maintenance Yes
tasks non-standard or non-existent?

Is specific preventive maintenance, as identified by PMA, Yes
required for the item?

If the answer is "No" to all the questions in Table 7, the IUA will not be a full candidate. If the
answer is "Yes" to any of the questions above, then this item is a potential full candidate and
can be classified as such in the CIL.

Table 8 Classification criteria for partial LSA candidates

Candidate Classification criteria Required
classification answer
Partial Is it necessary to remove the item to gain access? Yes
candidate

Is removal for access frequent for the IUA? Yes

Is the item a system or a subsystem that has not been previously Yes
defined as a full candidate, and will a fault location and/or a test
procedure or other general maintenance procedures be

described?

Is the item a non-hardware item, for which general activities (eg, Yes
cleaning, storing, parking, mooring, general inspections) will be
described?

If the answer is "No" to all questions in Table 8, the IUA will not be a partial candidate. If the
answer is "Yes" to any of the questions above, then this item is a potential partial candidate and
can be classified as such in the CIL.

Table 9 Classification criteria for LSA candidate family

Candidate Classification criteria Required
classification answer
Candidate Is the IUA installed within the Product many times in the same or Yes
family in a similar way?

Is it possible to combine all equal or similar items into one family  Yes
with common maintenance or operational support activities?

Applicable to: Al S3000L-A-03-00-0000-00A-040A-A
Chap 3
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It is recommended that the LSA candidate family concept be used when a large number of
equal or similar items is installed within the Product. Refer to Table 9. For example, all electrical
wiring with the same properties and identical or similar connectors can be summarized under
one LSA candidate family. For this family, all information relevant to maintenance (eg, a
connector repair concept) is valid for all single cables of the whole family.

6.4 Influencing factors
It is necessary to take into account the following factors to select candidate items and/or
establish the related rules:
—  project phase to which the LSA program belongs
— complexity of the Product to be analyzed
—  price of the Product to be analyzed
— budget available for the overall Product support and budget planned specifically for the LSA
process. Budget limitation will always influence the number of LSA candidates that can be
analyzed. In these cases, a reduction of the real maintenance and cost drivers is required.
— importance of the LSA results for the internal IPS elements
— importance of the information required by the customer and the industry management to
make decisions and fulfill the contractual requirements of the LSA-related items
— items already in use under comparable conditions
e items already in use, but not under comparable conditions
e COTS items usable with or without any major modification
e items already available but requiring major modification
e newly developed items
— information expected from the LSA process (to be harmonized with/agreed by the customer
during the LSA GC)
— identification of possible alternatives (for hardware, software, support concepts) and related
consequences (eg, support concept, Product support requirements)
— proposal of recommended support concept
— identification of tasks associated with the intended support concept
— identification of related Product support requirements
— estimation of related Product Support Costs (PSC) as part of Life Cycle Costs (LCC)
6.5 Recommendations for LSA candidate selection
Table 10 provides a list of recommendations concerning essential and extra criteria to provide
the analyst with an overview on how to handle the LSA candidate selection criteria in detail.
Additionally, the table provides assistance in the selection process and recommendations to
determine whether IUA selection as an LSA candidate is mandatory, recommended, or
voluntary.
Applicable to: All S3000L-A-03-00-0000-00A-040A-A
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Table 10 Recommendations for LSA candidate selection

Aspects

Description of criteria

Consideration
as potential
candidate item?

Risk and
criticality

Item type

General
attributes

Is it necessary to integrate LSA candidates from separate
LSA programs? External LSA information to be integrated
into one LSA program without any change (eg, LSA data
for an engine derived from a separate contractor), or
external LSA information to be integrated with adaptation to
an LSA program that requires changes to be harmonized
with the original contractor.

The IUA is subject to PMA (eg, S4000P) and PMTR are
identified.

The structural IUA is subject to PMA and PMTR are
identified.

The IUA is subject to life limits.

The IUA is subject to preventive maintenance, other than
scheduled, or to special procedures (eg, after special
events such as lightning, bird, hail strikes or contact with
obstacles).

The IUA is subject to the use of new technologies.

The IUA is a potential cost driver (high-value items, cost
limits must be defined with the customer).

The IUA is a potential readiness driver because of long
repair times.

The IUA is a potential maintenance driver (high workload)

The customer has a vested interest in the IUA (information
values must be defined with the customer)

The IUA is subject to LSA-related contractual fulfillment
Item already in use under comparable conditions

Item already in use, but not under comparable conditions
Item already in use, but requiring major modification

Item newly developed

COTS items

Part of an item family significant for maintenance

Item containing user-loadable software and/or data

Item is line-replaceable

Item is shop-replaceable

Item is line-repairable

Mandatory

Mandatory

Mandatory

Mandatory

Voluntary

Mandatory

Mandatory

Mandatory

Mandatory

Mandatory

Mandatory
Recommended
Mandatory
Recommended
Mandatory
Recommended
Voluntary
Mandatory
Mandatory
Recommended

Recommended

Applicable to: All
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6.6

6.7

Aspects Description of criteria Consideration
as potential
candidate item?

Item is shop-repairable Recommended

Item is repairable at customer depot or at industry level Voluntary
Maintenance FMEA/FMECA available for the related item Mandatory
significance . . . .

Item is potentially subject to LSA-relevant servicing Voluntary

Item is potentially subject to (diagnostic/functional) test Recommended

Item is potentially endangered by damage Voluntary

Item is potentially subject to general tasks Voluntary

Item is potentially subject to standard procedures Voluntary

Item is subject only to gain/undo access to LSA candidates Voluntary

Candidate item list (draft)

For LSA candidate selection purposes, it is recommended to use a matrix to structure and
document the selection results. The contractor must prepare a recommendation which reflects
the proposed selection criteria and must include a first draft of the matrix. Moreover, the
contractor must prepare the draft of the CIL for the LSA GC. After harmonizing the proposed
selection rules between the contractor and the customer, it is possible to rework this draft.

Candidate item list as an output of LSA guidance conference

It is necessary to include the CIL in an obligatory list, reflecting the decisions taken by the
customer. This CIL must be a living document in order to record any change occurring during
the different project phases. During the LSA GC, (refer to Para 5) the improvements to the draft
version of the CIL must be considered as one of the most important steps regarding contractual
terms. In the CIL, it is possible to manage a collection of all LSA candidates and the
corresponding workload from the selected analysis activities. To support the management of the
LSA process, it is necessary to use status codes to document the progress of the LSA and
documentation work. The codes must reflect the status for all the different contractual relevant
analysis activities to be covered within the LSA process.

To increase effectiveness, it is recommended that the CIL or the candidate item identification
process, accordingly, be integrated as a central management tool into an LSA IT solution. This
approach enables linking the relevant management information to the corresponding items
within the Product breakdown. Appropriate evaluations or reports easily provide an overview of
the project.

The customer and contractor must discuss, harmonize and document any change to the CIL
occurring for whatever reasons (eg, technical, budgetary, redesign). LSA and IPS managers for
both the customer and the contractor must consider the CIL as a valid document to control the
whole LSA process. The customer and the contractor must understand, at every stage of the
project, who is the holder of the CIL issue that is contractually valid.

Analysis activities in the context of an LSA process

In the early life cycle, LSA must support cost-relevant decisions by performing adequate front-
end analysis like Level of Repair Analysis (LORA). Where necessary, analysis results must
influence design concerning supportability aspects from the beginning of the definition phase
and throughout the lifetime of the Product. The inputs for the design come from different

Applicable to: All S3000L-A-03-00-0000-00A-040A-A
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analysis sources such as reliability, maintainability, testability, or PMA. The performance of
analysis activities for LSA candidates can cause concerns about its cost if there are no
established threshold to reduce the effort to a suitable level. It is necessary to perform a series
of assessments to balance between analysis-related efforts and acquired knowledge, which is
mandatory to identify adequate supportability requirements (that satisfy the user's needs and
support cost constraints). The contractor must identify the related allocation criteria and rules
and propose them to the customer as general guidelines tailored to meet the specific
requirements of a given project.

Note
This largely influences costs for the LSA program effort and future support activities during
the overall life cycle of the IUA. It is recommended that this task be performed on a
preliminary basis as an initial assessment early in a project, and to harmonize the derived
strategy with the customer before signing a contract.

7.1 Principles for analysis activity selection
LSA candidates must only include analysis activities considered to be an improvement to the
investigation results, in such a way that the expected benefit is greater than the effort spent for
the analysis activity.

Both the customer and the contractor must take into account the knowledge acquired by
"lessons learned". This includes both positive and negative experiences. Based on that
knowledge, LSA relevant decisions can be predetermined without further analysis activities.

It is necessary to take into account new available analysis methods where feasible. For
example, a simulation result is much more comprehensive than a traditional analysis.

Note
Based on the experience of industry, powerful simulation software packages are available
and expected to be of interest for LSA purposes.

7.2 Potential analysis activities
The following activities are a list of potential analysis that, depending on the kind of project, can
be performed and documented in different ways.

— analysis for the identification of general LSA needs
— comparative analysis

— human factor analysis

—  product breakdown and configuration assessment
— reliability analysis assessment

— maintainability analysis assessment

— testability analysis assessment

—  corrective maintenance analysis, based on existing FMEA/FMECA
— damage analysis

—  special event analysis

- PMA

- LORA

— Maintenance Task Analysis (MTA)

—  Software Support Analysis (SSA)

— operations analysis

— simulation operational scenarios

—  Training Needs Analysis (TNA)

In addition to the analysis activities listed above, it is possible to consider some other aspects,
such as:

Applicable to: Al S3000L-A-03-00-0000-00A-040A-A
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— LCC, referto Chap 14
— obsolescence, refer to Chap 15
— disposal (consideration of environmental regulations), refer to Chap 16

For each analysis activity, the contractor and the customer must agree whether, and how, to
document, deliver, comment, and assess the results. It is recommended that most of the results
of the analysis activities be documented within the LSA data, but it is also possible to document
them as a special analysis report, or as an official document. Prior to any analysis, it is
necessary to clarify the required results and benefits from the collected data, and how the data
will be used for evaluation purposes.

7.2.1 Analysis for identification of general LSA needs
This is the starting point for any LSA activity, and is the basic precondition for any of the
following activities. During this phase, it is necessary to provide a justification for the analysis
performance. It is advisable to avoid using valuable resources for analysis work without a
clearly defined objective. The identification of general LSA needs mainly relates to contractual,
customer and user interests. In order to ensure that the customer addresses properly and
agrees to the general LSA needs for the project, the following aspects must be addressed:

—  Consider the results determining Product use and general support data (ORD and CRD),
intended support strategy and principles, and alternative solutions. Clarify which scenarios
must be analyzed, how and to what depth

— consider which contractual agreements must be verified by LSA results, how and to what
depth

— consider the definition of required reports concerning areas of special interest (eg,
management reports, status overviews, performance measuring reports, verification
reports)

— Consider trade-off analysis results to guarantee the best return of investment. This means,
for example, it is possible to use other methods to discuss customer demands and achieve
the goal. The alternative solution can require significantly less effort, but it must lead to a
comparative result that meets the customer's requirements at a similar and acceptable level

As a result of these first considerations, the contractor and the customer must agree on the
purpose, goal, depth of analysis, and documentation method for each analysis type, in order to
have a common view on the performance of LSA. The LSA PP must include the result of this
analysis.

7.2.2 Comparative analysis
Performance of this analysis occurs only by special request. As a precondition, comparative
information at equipment, system, or Product level must be available and effective for decision
making (limited to the initial LSA activities). If it is possible to define a comparative system,
appropriate analyses must be performed to derive applicable comparative data. For the
documentation of the results, it is necessary to identify special summary reports concerning
comparative factors and data and/or support alternatives addressed to comparable LSA
candidates.

7.2.3 Human factor analysis
The results of human factor analysis influence the LSA candidates for which an MTA is
performed. Human factors can be a reason for special limitations (eg, concerning the
applicability of a support task requiring special abilities). It is necessary to consider ergonomic
aspects, as well as the definition of rules for an appropriate man-machine interface. Refer to
Chap 6. Below are some aspects that can have limiting consequences for the performance of
maintenance and operational support:

— ability to lift and carry heavy loads
— ability to move for a long time in special conditions

Applicable to: Al S3000L-A-03-00-0000-00A-040A-A
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— handling of dangerous materials
— limitations of personnel employment by law and/or security restrictions

7.2.4 Product breakdown and configuration assessment
During the LSA process, it is essential to perform an analysis to develop a structured view of the
Product.

— How is it structured?

—  Which functional systems and subsystems are included?

—  Which items (hardware/software) are installed, how often and where?

— Are there different variants of the Product to be considered, and which different
configurations are applicable for which specific variant?

For more information how to develop an appropriate Product breakdown, refer to Chap 4.

In the case of significant deviating design configurations of any LSA candidate, configuration
assessments are mandatory. It is necessary to examine potential changes to validity,
engineering, and deviations or waivers. Configuration assessments determine the need to
deviate support concepts and/or support requirements (eg, personnel, material) in order to re-
assess the need for analysis activities on LSA candidates.

The customer and the contractor must clarify how to document the configuration deviations of
LSA candidates.

7.2.5 Assessment of reliability analysis
Reliability analysis is a part of the support engineering activities, referred to as Reliability,
Availability, Maintainability, and Testability (RAMT). It is necessary to assess reliability
predictions (eg, MTBF) related to the intended use scenario of the LSA candidates. Determining
reliability values is related to reliability analysis activities, but the documentation of certain
results of this analysis is important for LSA purposes. Normally, a reliability analysis is
mandatory for each hardware LSA candidate. Additionally, it is recommended to extend
reliability predictions to all essential items of a Product breakdown and to ensure consistency of
these values over all breakdown cascades.

Note
Reliability values are directly linked to the results of FMEA activities. Any concrete value,
for example the failure rate or MTBF of an equipment, is particularly interesting for LSA
activities, for example to calculate the frequency of a rectifying task.

7.2.6 Assessment of maintainability analysis
Maintainability analysis is a part of the support engineering activities, often referred to as RAMT.
For each LSA candidate, it is strongly recommended to perform a maintainability analysis to
determine, from a technical point of view, whether and how it is possible to support an item. It is
necessary to establish rules for related conditions and time frames and investigate alternative
repair solutions, if applicable. Where applicable, maintainability analysis addressing the
following aspects must be performed:

— assessment of maintainability features reflecting customer requirements

— identification of maintenance and operational support tasks to develop an appropriate
support concept for each applicable LSA candidate

— investigation of supportability aspects such as modular design of the Product, good
accessibility, installation concept in special zones (the item with the worst MTBF must not
be installed behind other items)

In general, it is possible to perform the maintainability analysis by following applications with
different level of detail and effort:

— best engineering judgment in the case of lowest level of available information

Applicable to: Al S3000L-A-03-00-0000-00A-040A-A
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— assessment with or without the need to transform information on the equipment provided by
the supplier. In case information from suppliers is required, apply data sheet templates to
ensure that every supplier will be able to deliver the required information correctly and
completely. Harmonize these templates with the customer and the contractor (and
contractor suppliers).

— take into account supporting analyses such as LORA with a view to compare alternative
support solutions on different maintenance levels or PMA methods, such as S4000P, in
order to complete the support concept for the IUA

— use simulation tools for Products performing missions according to operational profiles,
focusing on maintenance and support while evaluating potential consequences, for
example from limited maintenance resources or changed operational profiles

Depending on the different types of items, it is necessary to perform the analyses given in Table
11 as a minimum level of analysis:

Table 11 Depth of maintainability analysis depending of item type

Item Maintainability analysis depth
Items currently used under Moderate information and data transformation, a more detailed
comparable conditions maintainability analysis is voluntary

Items currently in use, but not Data transformation is mandatory, a more detailed
under comparable conditions  maintainability analysis under new conditions is recommended

COTS items without major The customer must document and agree to any non-

modification compliance of supportability features and/or requirements

Items currently available Moderate information and data transformation, a more detailed

requiring minor modification maintainability analysis is voluntary

Items currently available Data transformation is mandatory, a more detailed

requiring major modification maintainability analysis under new conditions is strongly
recommended

Newly developed items based Detailed maintainability analysis is strongly recommended
on well-known technology

Newly developed items based Detailed maintainability analysis is mandatory
on new technology

The results of the maintainability analysis require careful documentation. Therefore, the
customer and the contractor must define and harmonize maintainability reports (eg, a RAMT
case report). In addition to these reports, the support concept reflected by the identified
maintenance and operational support tasks will include the results of the maintainability
analysis.

7.2.7 Assessment of testability analysis
Testability analysis is a part of the support engineering activities, often referred to as RAMT.
The main aspects for a testability analysis to consider are:

— identification of maintainability strategy aspects to be observed

— identification of overall test architecture and test principles

— identification and verification of contractual testability requirements

— evaluation of FMEA/FMECA results concerning testability information

— description of failure detection and localization methods at equipment, subsystem, system
and Product level

Applicable to: Al S3000L-A-03-00-0000-00A-040A-A
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— description of functional test requirements at all involved levels
— identification of related resource requirements (eg, personnel, test equipment, test
software)

The testability analysis is closely related to the maintainability analysis. Results from testability
directly influence the maintainability analysis. Any corrective maintenance depends on the
ability to detect and localize the failure to be corrected. In addition, conditions must allow the
performance of a functional test of an item or a complete system after the repair. The depth of
failure detectability, localization, and verification is one of the most important factors influencing
an applicable maintenance concept.

Since it is nearly impossible to implement testability features after the finalization of the item, it
is necessary to describe and document the testability requirements for each applicable item
very early during the design and development phase. Testability capability must be planned
down to the level on which maintenance is intended.

For all items containing full Built-In Test (BIT) capability, a testability analysis is mandatory. It is
necessary to identify and document the related testability features. A testability analysis report
and a summary of the analysis are required. For items with reduced BIT capability (eg, COTS
equipment) that are somehow monitored within the overall test architecture, a testability
analysis is recommended. It is necessary to identify and document the related testability
features.

The types of data concerning testability features relevant for Product support activities must be
documented and harmonized with the customer. It is necessary to establish and verify the rules
for suppliers and/or manufacturers on how to implement testability features (eg, by testability
demonstrations/validations together with the customer and/or the contractor).

7.2.8 Corrective maintenance analysis
In the context of a supportability analysis process, the aim of a corrective maintenance analysis
is to assess existing FMEA/FMECA results to identify the potential failure behavior of a Product
and the need for corrective maintenance tasks.

A clear distinction is made between functional and technical failures. A system FMEA
identifies/analyzes functional failures, while a so-called equipment or technical FMEA approach
identifies/analyzes technical failures.

Note
SAE ARP5580 provides a detailed description of system FMECA and equipment FMECA
methodology. S4000P describes the system FMEA applied for PMA purposes.

7.28.1 System failure modes and effects analysis
A system FMEA analyzes the different systems and subsystems of a Product using a top-down
approach to the potential functional failures, their functional failure effects with corresponding
criticality and finally, the corresponding failure causes. Refer to S4000P.

It is required to avoid potential failure effects that prove to be critical to safety, legal or
environmental integrity. The same applies to other failure effects that are undesirable for
operational, mission, or economic reasons.

Analysis results are the baseline for the identification of the Preventive Maintenance Task
Requirements Interval (PMTRI) or, in the worst-case scenario, even for mandatory redesign
requirements, if no preventive maintenance task is applicable and/or effective. Refer to S4000P.

Additionally, safety analysis activities like a Fault Tree Analysis (FTA) are based on system and
technical FMEA. That way, it is also possible to identify additional safety critical failure
combinations. Depending on probability values, redesign and/or preventive maintenance
requirements must be defined and harmonized with the PMA results. Refer to S4000P.

Applicable to: Al S3000L-A-03-00-0000-00A-040A-A
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7.2.8.2 Technical failure modes and effects analysis
A technical FMEA uses a bottom-up analysis approach to identify in detail the consequences
and the probability of technical failures, which can occur to any equipment within a Product. The
technical FMEA results help determining corrective maintenance tasks, such as repair or
complete replacement of equipment, including task frequencies. Chap 7 describes how the
technical FMEA results are used for LSA purposes.

7.2.9 Damage analysis
It is advisable to consider items susceptible to damage at least as partial LSA candidates. In
general, damage is a special event, and it is not possible to predict the criticality or extent for
every case. Nevertheless, it is useful to identify classes of damages that can be rectified and/or
detected in the same way. It is strongly recommended to use analysis types that at least
address initial diagnostic tasks and simple repair procedures (eg, simple repair of damages
such as scratches). The result of these analyses must be documented as specific maintenance
tasks. For example, the standard test and repair procedures for structural items or for electrical
wiring are collected within a non-hardware chapter of the Product breakdown.

Normally, reliability values concerning damages are not available, therefore general quantitative
statements are generally not possible. It can be possible to predict the required effort resulting
from damages only using statistical evaluations. It is recommended to use such predictions with
caution. Chap 8 describes how the damage analysis results are used for LSA purposes.

7.2.10 Special event analysis
In addition to damages, which are more or less a specific type of special event, other events
can have an impact on the support concept for an IUA or for the Product. It is recommended to
identify and document probable special events that require special maintenance tasks to
guarantee the proper functionality of the Product for further use. Refer to Chap 8. Those special
maintenance tasks are a part of the preventive maintenance that a proper task selection
process must determine for each relevant special event. The selection process determines the
Preventive Maintenance Task Requirements Event (PMTRE). Refer to S4000P.

Examples of special events that require maintenance tasks are, but not limited to:

— exceeding temperature limitations

— exceeding mechanical load limits (eg, over torque)
— exceeding maximum allowed speed

— operation in salt-laden atmosphere

— operation in sand-laden atmosphere

— lightning strike

— hard landing of an aircraft

— collision with external objects (eg, bird strike)

7.2.11 Preventive maintenance analysis
PMA aims to avoid critical failures. This includes critical failures concerning safety, law,
environmental regulations, operation and/or mission completion and economic aspects. This
analysis is mandatory for aspects relevant to safety, or concerning law and environmental
regulations. It is strongly recommended in case significant economic disadvantages can be
expected or if there is a risk in operating the Product or completing a mission. The PMA is an
extensive analysis and the results have direct impact on the support concept and in worst case
on Product design. It is necessary to document the requirements for preventive maintenance
tasks identified by a PMA. It is recommended that rules be established to harmonize PMA
results with the documentation method within the LSA program.

Each item for which at least one PMTRI is identified via a PMA process must become a full LSA
candidate.
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7.2.13

Level of repair analysis

Depending on the general support strategy, it can be necessary to decide the maintenance
and/or repair level of each item. To support this decision, it is possible to perform a LORA by
applying one of the available methods, which will depend on the type of LSA candidate to be
analyzed, the required effort and/or the available information. Depending on LSA GC
agreements, there can be different LORA approaches. Refer to Table 12.

Table 12 LORA approaches

LORA Description
classification

Simplified LORA The best engineering judgment derives the simplified LORA by taking
into account the best information available. The results of this analysis
must be documented and harmonized with the customer for example by
means of a "simplified LORA report".

Economic LORA An ELORA approach is a front-end analysis using LORA software

(ELORA) packages based on mathematical models of different complexity and
accuracy. All required data concerning the item itself and its context of
use (eg, operational scenario, spare part provision, and cost elements
relevant for the support) must be available to perform this type of
extended analysis.

Analysis via A simulation that considers detailed information about the IUA, its

simulation deployment and operational scenario can produce the best LORA
results. To use a simulation software package, a complete set of
information/data at the required depth and format is necessary. The
preparation of this data can require a considerable effort.

Note
As shown in Fig 7, MTA information can be relevant for LORA activities. In general, a
specific LORA data set is required to perform the analysis. This data set contains basic
MTA information, as well as information about costs for IPS elements and information about
the support organization on the operator's side.

After determining the support concept, the full MTA will be performed as required. It is
advisable to avoid the creation of extended MTA data for tasks later performed at industry
level.

Maintenance task analysis

The MTA is one of the central analysis activities within the LSA process. Here, the identified
support tasks (preventive and corrective maintenance, as well as operational support) are
described in detail using all required available information. The following list gives a short
overview. For more information, refer to Chap 12.

— documentation of general information on tasks, such as preconditions for task performance,
training requirements or criticality information

— assignment of maintenance tasks to the identified events (eg, failures, damages, special
events, intervals or thresholds for preventive maintenance tasks)

— concise task description, including the sequence of subtasks

— identification of required task resources (eg, personnel, support equipment, spares,
facilities and infrastructure, software)

— time estimations

— calculation of task frequencies

Applicable to: All S3000L-A-03-00-0000-00A-040A-A
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— consideration of required pre- and post-work (eg, gaining access, final test, release by
inspector)

7.2.14 Software support analysis
Each item containing user-loadable data/software must be analyzed with respect to loading,
unloading, transportation and documentation of existing software releases. This covers
maintenance and servicing tasks applicable for:

— maintenance of hardware containing user loadable data/ software
— data and/or operational software required for preparation for use
— software support to update items with new user loadable software releases

If a Software Support Analysis (SSA) program manages software changes, releases, and
updates in case of software failure (bug fixing), it is necessary to establish a process aligned
with the LSA process for hardware. It is important to agree that any change in the software
source code is an item modification, and that is not possible to regard it as a maintenance task
in the context of a repair activity. Refer to Chap 13.

7.2.15 Operations analysis
It is necessary to analyze operational support requirements to identify and document important
support tasks for the general handling of the entire Product, or the handling of equipment that is
part of the Product in the context of PHST and/or servicing. It is also necessary to determine the
method to perform the task and the required resources. Refer to Chap 9.

7.2.16 Simulation of operational scenarios
Performance of this analysis occurs only by special request. Simulation represents a very
powerful tool to evaluate operational scenarios in combination with support scenarios.
Simulation software packages offer the opportunity to analyze and optimize the planned use of
a Product or of a combination of several Products (sometimes also described as a system of
systems) under particular operational and support conditions. Only the combination of planned
use scenario and planned support scenario allows generating meaningful analysis results. It is
possible to achieve better results with a detailed description of the scenario.

Simulation analysis can require a multitude of input data at a certain level of depth. If simulation
is selected as a required analysis activity, it is recommended that the examination of the
required data of the simulation software package be started early in the project. The decision to
perform simulation can influence the depth and quality requirements for any supportability
information/data (eg, the detailed description of a support scenario can require additional effort
within an MTA). Also, the creation of an operational scenario can require additional effort from
the customer.

7.2.17 Training needs analysis
Within this analysis, it is necessary to determine whether a task requires special training or not.
If training is required, it is necessary to determine how to provide the training in the most
effective way. LSA data can effectively support this analysis process.

During the LSA GC, the customer and the contractor must discuss and harmonize the criteria
for training requirements. It is possible to evaluate LSA data against those criteria to support a
preliminary TNA decision. It is recommended that an IT-supported process for the TNA be
established.

7.3 Analysis relations and general overview
All the analysis activities described in Para 7.2 are interconnected and can influence each other.
Some analysis can be a basic precondition for other ongoing analysis processes. Some
analysis activities are of general significance for all other analysis processes. Fig 7 shows a
graphical representation of the relations between the different supportability analyses.
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7.4

Analysis activities selection criteria
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Fig 7 Analysis activities relations and overview

It is necessary to consider the aspects given in Table 13 in order to select and allocate LSA-
relevant analysis activities to LSA candidates that are applicable and effective depending on the
type of items, candidates and required information.

During the LSA GC, the customer and the contractor must harmonize the selection criteria and
aspects, and tailor them to each project by taking into account any specific circumstances.
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Table 13 Analysis activities selection criteria

Criteria group

Criteria

Recommendation

Items with existing
experience

Items that need to
be assessed for
global point of view
or for special
interests

Items that need
assessment for
inherent reasons or
due to the
installation area

Type of LSA
candidates

Items already in use under
comparable conditions

Items already in use but not
under comparable conditions

COTS items usable without
major modification

Items currently available that
would require (minor/major)
modification

Newly developed items based
on well-known technology

Newly developed items based
on new technology

Potential readiness drivers
and/or cost drivers

Of particular interest to the
customer

Subject to LSA-related
contractual fulfillment

Item is significant for

maintenance with respect to the

related failure/defect frequency,
workload, special support
requirements (personnel and/or
material)

Item is subject to preventive

maintenance (PMTRI or PMTRE

available)

Item is potentially susceptible to

damage due to its installation
area or its technology
Full candidate

Partial candidate

Candidate families

Transformation of existing analysis
data

Transformation of existing analysis
data

Transformation of existing analysis
data

Transformation of existing analysis
data or performance of new analysis

Recommended performance of
analysis activities at the required
depth

Mandatory performance of analysis
activities at the required depth

Criteria for these items must be
detailed within the LSA GC

Items must be detailed within the LSA
GC

Items must be detailed within the LSA
GC

Criteria for these items must be
detailed within the LSA GC

Data transfer from PMA results to
LSA must be detailed within the LSA
GC

Criteria for damage analysis must be
detailed within the LSA GC

Subject to applicable analysis, results
documented within LSA

Rudimentary information to be
documented in LSA

A group of items considered as one
LSA candidate, subject to applicable
analysis, results documented within
LSA
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7.5
7.5.1

7.5.2

7.5.3

Criteria group Criteria Recommendation
Items subject to standard Rudimentary information to be
procedures documented in LSA

Subject to request  Information expected from the To be harmonized with and agreed to
for information by LSA process by the customer during the LSA GC
the customer

Proposal of recommended To be harmonized with and agreed to
support principles by the customer during the LSA GC
Identification of possible To be harmonized with and agreed to
alternatives (for hardware, by the customer during the LSA GC

software, support concepts) and
related consequences (eg,
support concept, support
requirements)

Proposal of recommended To be harmonized with and agreed to
support concept, including by the customer during the LSA GC
corresponding tasks

Estimation of related support Identification of related support

costs requirements

Estimation of related support costs

Information for early decisions on
system/project (significant costs
influence)

Checklist for analysis activity recommendation

Analysis activities recommendation sheet

For the LSA GC, the contractor must prepare a recommendation matrix, based for example on
the CIL, identifying the LSA candidates, the selection criteria for analysis activities and some
preliminary recommendations, if applicable.

Analysis activities decision sheet

The recommendation matrix will be harmonized and finalized during the LSA GC, and reflects
the decisions made by customer and contractor. The recommendation matrix can be a part of
the CIL. It must be a living document in order to reflect changes, incorporate the results of the
lessons learned, and enable traceability during the life cycle phases of the project. Itis
recommended to include in the commercial proposal a preliminary recommendation matrix
including the best information available to provide the customer with a general guideline for LSA
activity allocation and reduce risks.

Selection example

To identify the relative importance of the allocated analysis activities, it is possible to agree on
the ratings concerning the importance of the selected LSA candidate, as well as the importance
of the potential analysis activity. The result helps ranking LSA candidates and analysis activities
from mandatory to voluntary. Such a ranking can be used to refine the selection of
candidates/analysis activities, for example in case of limitations of budget or time constraints.
The results of this selection procedure will compose the initial issue of the LSA CIL, as well as
the range of LSA activities considered to be relevant and effective for the LSA candidates. The
industry partner companies must identify and harmonize appropriate rules, and the customer
must agree to them during the LSA GC.
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CANDIDATE ITEM LIST (CIL) Applicable/selected supportability analysis activities

Recommendation sheet for analysis activities selection

(based on ASD/AIA Mountain Bike example) 0 = not applicable

1 = recommended
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MTB-2000M Product not applicable ASD Mountain Bike 2 0 0 2 0 2 0 0 2 1 9
L+ MTB-STS800 System Partial candidate Steering system 2 0 0 0 0 2 0 0 0 1 5
L+ MTB-DTS800 System Partial candidate  |Drive train system 2 0 0 0 0 2 0 0 1 1 6
L + MTB-FRS800 System Partial candidate  |Frame system 2 0 0 0 0 2 0 0 0 1 5
L . MTB-WHS800 System Partial candidate  |Wheels system 2 0 0 0 0 2 0 0 1 1 6
L + MTB-WHS800-401 Subsystem Full candidate Front wheel 2 0 1 1 0 2 0 0 0 1 7
L + MTB-WHS800-402 Subsystem Full candidate Rear wheel 2 0 1 1 0 2 0 0 0 1 7
L - MTB-BRS800 System Partial candidate  |Brake system 2 0 0 0 0 2 0 0 1 1 6
L. MTB-BRS800-801 Subsystem Full candidate Front brake 2 0 1 1 2 2 0 0 1 1 10
L + MTB-BRS800-401 A bl Full Front brake lever bly) 2 2 1 0 2 2 0 0 0 1 10
L + MTB-BRS800-403 Part Full candidate Front brake tube 2 2 1 0 0 0 0 0 0 0 5
L - MTB-BRS800-405 A Full candidate Front wheel brake bly) 2 2 1 0 2 2 0 0 0 1 10
L + WB-10000-401 A y Full candidate Brake caliper bly 2 2 1 0 2 2 0 0 0 1 10
L + WB-10000-403 Assembly Full candidate Brake disc assembly 2 2 1 0 2 2 0 0 0 1 10
L 1804762 M8x60-A2 Part Non-candidate Caliper bolt upper 2 0 1 0 0 0 0 0 0 0 3
L 1504762 M8x60-A2 Part Non-candidate Caliper bolt lower 2 0 1 0 0 0 0 0 0 0 3
L + MTB-BRS800-411 A bly Full candidate Front brake mounting bly) 2 2 1 0 2 2 0 0 0 1 10
L + MTB-BRS800-802 Subsystem Full candidate Rear brake 2 0 1 1 2 2 0 0 1 1 10
L + MTB-GES800 System Full candidate Gear system 2 0 0 0 0 2 0 0 1 1 &

7.6

ICN-B6865-S3000L0019-003-01
Fig 8 Example of a recommendation sheet for analysis activities

Fig 8 shows an example of a tailored recommendation matrix for the selection of analysis
activities (based on a simple mountain bike example). For a real project, it can be necessary to
add more analysis activities or further details. For example, a special software package can
help divide the performance of a LORA into categories, such as simplified LORA or ELORA.
Additionally, it is possible to provide further details on the rating values.

Note
If considered as part of the LSA program, other considerations such as obsolescence, LCC
or disposal analysis can be added to the matrix.

Analysis workflow processes

In the different project phases, different sets of data/information are available for the execution
of the supportability analysis activities. The performance of some of the activities described can
occur during an early phase of the project. Alternatively, the performance of some of the
activities can only occur when detailed and final information on the design is available. For
example, it is possible to carry out an extensive MTA during a later stage of design, because
this analysis requires detailed information. Refer to Fig 9.
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Fig 9 Position of LSA activities in the overall project schedule

Supportability analysis activities continue after the end of the design and development phase.
Within the next phases (production, in-service), supportability analysis can be required multiple
times, depending on the modifications being made to the Product.

This is especially relevant for the in-service phase, which is normally the longest phase. There
will be extensive modifications during the in-service phase and, depending on the modifications,
supportability analysis will be necessary again at the corresponding depth. As a result, the
iterative LSA/IPS process will reappear repeatedly. Therefore, it is recommended that
supportability data and decisions be documented throughout the entire project, ending with the
disposal phase. Even for this final phase, it is necessary to consider supportability aspects.

Note
In many projects, it is not possible to draw a clear line between the phases. As a matter of
fact, design and development phases and production can significantly overlap, and the
same holds for production and in-service phase.

7.6.1 Supportability analysis activities in the preparation phase
In the preparation phase of a project, the supportability analysis activities can be limited to those
requiring a low level of information. Before the LSA GC, information about the operational and
customer requirements is usually made available, and drafts for basic rules for the LSA process
are prepared.

At this stage, detailed information on the Product or the IUA is usually not available. Basic
conditions and rules for the application of the process must be available during the early stages.

Applicable to: Al S3000L-A-03-00-0000-00A-040A-A
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Nevertheless, some analysis activities can, or even must, start during the early stages of the
LSA process:

— analysis for identification of general LSA needs

— comparative analysis

—  human factor analysis

— operations analysis

— first concepts for Product breakdown methodology and configuration assessment

7.6.2 Supportability analysis activities in the design and development phases
During the design and development phases, the LSA process accompanies the design process.
This applies to almost all LSA activities, except for the activities that must be performed in a
very early phase or after a design freeze. The activities that must accompany the design and
development phases are:
— Product breakdown and configuration assessment
— reliability analysis assessment
— maintainability analysis assessment
— testability analysis assessment
— corrective maintenance analysis
— damage analysis
— special event analysis
- PMA
- LORA
-  MTA
— software and data uploading/downloading/transportation analysis
—  SSA (software design and software maintenance)
— operations analysis
Sometimes, the collection of supportability relevant data is almost complete after the design
freeze. Therefore, analysis activities that need many detailed data must be performed at a later
stage of the design process, to guarantee a fixed design and reduce the risk of repeating costly
analysis activities. This applies to:
— simulation of operational scenarios
- TNA

7.6.3 Supportability analysis activities in the production phase
Because the improvement of a Product by ongoing design and development activities does not
stop when the production phase begins, the supportability analysis activities also continue
during the production phase. Design and development phases and production phases often
overlap. For that reason, although the production phase has already started, it is necessary to
ensure an ongoing supportability analysis process during the production phase as well, to take
into consideration any potential design change to the Product. In some cases, production needs
can also cause design changes which must be considered.

7.6.4 Supportability analysis activities during the in-service phase
During the in-service phase, the supportability analysis activities will repeat to a lesser extent. If
the Product has technical upgrades or design changes, it is necessary to perform new analyses
concerning supportability requirements. The depth and range of these analyses will depend on
the type of IUA and the degree of change.
As a second aspect, it is recommended to monitor an established support solution with respect
to efficiency and cost. For this purpose, optimization processes can be performed as the In-
Service Maintenance Optimization (ISMO), refer to S4000P, and the In-Service Support
Optimization (ISSO), refer to Chap 17.
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7.6.5 Summary of activities over the life cycle phases
Table 14 shows a summary of the potential analysis activities over the entire life cycle phases
(eg, data and information collection, management, and technical/supportability analysis and
preparation tasks). In this table, the design and development phases additionally contain review
thresholds relevant to each phase, for example a Preliminary Design Review (PDR) and a
Critical Design Review (CDR).
Table 14 Summary of LSA activities during the life cycle phases
Preparation Design and development phases Production |In-service Disposal
phase phase phase phase
Feasibility Preliminary Critical Design
study Design Review (CDR)
Review (PDR)
Performance |Performance
Product data |Product data
(CRD) updates
(CRD)
Product use |Product use
data (ORD) |data updates
(ORD)
M-studies M-analysis M-analysis Ongoing
updates optimization of
R-studies R-analysis R-analysis support
updates concept
- - - based on
Comparative | Comparative | Comparative feedback data
studies studies studies = in-service
updates LSA
Planning of | Development |Update of Update of
development |of IPS IPS relevant
of IPS elements elements analysis
elements results and
IPS products
based on
configuration
changes
Planning of
disposal
8 Customer involvement
To ensure that the interpretations and approaches to the LSA process by the industry and the
customer are in line with one another, the customer must be involved to an appropriate extent
during the whole LSA program. It is necessary to cover the customer's involvement with respect
to the selection of LSA candidates, relevant analysis activities and resulting analysis data, as
well as the principles of information exchange, documentation of results and related
management aspects.
8.1 Customer assessment of candidate items and recommended analysis
activities
The selection of LSA candidates in conjunction with the determination of appropriate analysis
activities must be considered as the aspect of the LSA process with the highest impact on
Applicable to: All S3000L-A-03-00-0000-00A-040A-A
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costs. For that reason, it is necessary to perform and assess these selections with care during
an early project stage. To reduce risk, it is advisable to carry out an initial selection, or at least
an estimation, concerning the expected number of LSA candidates prior to the signing of the
contract.

In general, the contractor must select the LSA candidates and the related analysis activities
relevant to LSA based on a Product breakdown, as detailed in Para 6 for LSA candidate
selection, and in Para 7 for recommended analysis activities. The contractor must forward the
results to the customer for assessment purposes and the related analysis activities be assessed
between both parties to reach a well-balanced decision.

8.1.1 Establishing LSA assessment rules

The customer must agree to the assessment of the proposals, and the parties must establish

some general rules concerning principles for the assessment. These rules must include at least:

— only aspects concerning rules established during the LSA GC, or rules that the customer
and contractor can agree to within the subsequent LSA process (eg, during LSA reviews)
must be considered as relevant for the assessment

— if an assessment has been performed and has reached a successful final clarification, there
is no need to reassess it, unless new aspects have emerged and are relevant to the
assessment

— itis necessary to establish rules concerning time limits between the release of LSA
deliveries and an adequate response, as well as the consequences for failure to observe
those rules

— Both the invitation for assessment of details within the contractor's LSA deliverables and
the assessment result must be documented by using adequate status information. The
contractor is responsible for the structure and information details of the status codes, but
the contractor must coordinate with the customer. Refer to Para 9.4.

— any status information concerning each LSA candidate must be up to date

8.1.2 Initial assessment and re-assessments
8.1.2.1 Initial assessment

During the initial assessment, it is necessary to consider principles, such as:

— Is the Product breakdown considered in line with the rules established during the LSA GC,
especially the rules concerning its structure, content and depth?

— Are rules for the selection, for non-selection or non-recommendation of LSA candidates
available and sufficient?

— Is the selection of LSA candidates and relevant analysis activities in line with the rules
established within the LSA GC?

— itis necessary to document the assessment results and pass them to the contractor
according to the established assessment procedure, with a follow-up until a final
clarification status is reached?

8.1.2.2 Re-assessments

Assessments subsequent to the initial assessment must concentrate on aspects such as:

— items released by the contractor and designated for assessment

— assessment of contractor deliveries concerning general questions or comments (new
aspects)

— assessment of contractor deliveries concerning detailed questions or comments
(observations)

— assessment of contractor deliveries concerning differences with respect to prior
agreements
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0007 T =

— itis necessary to document the assessment results and pass them to the contractor
according to the established detailed assessment procedure, with a follow-up until a final
clarification status is reached

8.1.3 Establishing an assessment procedure
It is necessary to establish a detailed assessment procedure (including an appropriate
commenting process) tailored to the specific requirements of the individual LSA program and
comprising the above elements. The customer and contractor must harmonize this procedure.

8.2 Information exchange between customer and contractor
To proceed with the LSA process, the customer must inform the contractor on the assessment
results that are relevant to the agreements/disagreements, along with the reasons for any
disagreement. In addition, there can be general comments covering global aspects and/or
general questions. It is necessary to separate these comments and questions from the other
comments, as they usually need a special response (eg, a dedicated explanation or request for
special training).

This is not limited to LSA candidates and the related analysis activities, but it also applies to
detailed results of the analysis process and to a response on any official LSA report.

8.2.1 Commenting process
It is necessary to establish a structured commenting process to facilitate the management of
comments and enable traceability. This process includes as a minimum:

— registration and official comment on any LSA delivery from the contractor to the customer
released for assessment

— documentation of any customer agreement

— documentation of any customer disagreement, along with the related reasons. Affected
items must be monitored until final clarification has been reached and the clarification is
documented.

To address these subjects, the commenting process must cover the registration of LSA
deliverables, comments, and LSA status. This includes:

— Registration of LSA deliverables:
Any LSA delivery that needs assessment must be registered according to the agreed rules

— Registration of comments:
It is necessary to document the customer's response for each LSA delivery released for
assessment. Depending on the consequences of the customer's response, each applicable
LSA candidate must have a registered status.

— Registration status information:
The structure of an LSA status code must comply with different information requirements
for the released LSA candidate (refer to Para 9.4)

Note
If the customer can access the actual LSA data in the LSA program, it is recommended that
the customer involvement be organized within the LSA IT environment.

8.2.2 Informing the contractor by the customer
As agreed in the established commenting process, the customer informs the contractor about:

— Agreements concerning released LSA deliverables:
The contractor will document any customer agreement according to the established
management rules. In the case of a consortium, all companies involved in the contractor
network must receive all the information on the related rules.

Applicable to: Al S3000L-A-03-00-0000-00A-040A-A
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— Disagreements concerning released LSA deliverables:
In these cases, the contractor (or the involved company) will investigate the customer’s
disagreements to identify adequate responses (eg, further explanation, proposed rework by
industry). The contractor will forward the responses to the customer in order to reach an
agreement (in an iterative manner, if required).

— Unresolved issues:
In case of iterative commenting cannot resolve an issue, an adequate solution is necessary
to reach a final clarification.

Fig 10 is an example of a simple process of information exchange between the customer and
the contractor. Fig 10 Process of information exchange between customer and contractor
(example)

Table 15 gives an explanation of the time intervals.
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Fig 10 Process of information exchange between customer and contractor (example)

Table 15 Explanation of schedule for the commenting process

Time Activities

To The contractor starts preparing the LSA delivery items. This preparation can
include the integration and harmonization of data between one or more
contractors, in case of a contractor consortium.
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8.2.3

8.2.4

Time Activities

T1 Delivery of the contractual LSA delivery items to the customer in the agreed
format.

T2 Between T2 and Ty, the customer will comment the delivered items (eg, LSA

data, LSA reports). At the agreed point of time T2, the customer will deliver the
comments to the contractor.

Ts If possible, the contractor must handle any comment that can be answered
easily, before the LSA review, with a view to reducing the effort of the LSA
review. Nevertheless, it is necessary to document carefully any decision
concerning the customer's comments.

During this time, more than one question-answer loop can clarify specific
questions in detail. However, the number of loops must be limited since more
extensive questions require clarification (eg, at the LSA review or by a longer
clarification process between the contractor and customer).

Ta Taking into account the clarification loops between the customer and the
contractor in the time between T2 and T4, the customer will deliver the remaining
comments to the contractor. These comments will be the basis for any
discussion and clarification during the LSA review.

TRreview Time of LSA review. It is necessary to ensure the documentation of every
decision in the LSA review by updating the corresponding status information.

Final clarification on open issues

For any remaining open issues, it is necessary to identify an adequate solution. If this is not
possible during a regular review session, a meeting of dedicated specialists can be required to
reach a satisfactory final solution.

Customer decision (status influencing)

Normally, it is required to distribute an LSA delivery for assessment to different recipients (eg,
different authorities in different nations and, since LSA is interdisciplinary, to all involved
supportability stakeholders). Subsequently, it is necessary to collect and harmonize (in case of
deviating responses) individual comments to provide one official customer response.

Note
It is important for the contractor to receive only one official customer response in order to
carry out the LSA process in a manageable way. The customer must provide the decisions
in the form of a status code change (following the rules established for status code
allocation).

The status code allocated by the customer remains unchanged in the related customer release.
Any related explanation (eg, reason for disagreement) must be documented as well, as part of
the contractor response and it must remain untouched for traceability reasons.

For LSA program traceability, there are two ways to document the LSA delivered as proposed
for assessment and the customer's response (if applicable, including final clarification results):

— LSA recommendation document delivered by the contractor
— LSA decision document responded to by the customer

In the case of essential documents such as LORA or PMA results, the resulting
recommendation/decision documents can facilitate some clarification requirements.
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8.2.5

8.25.1

8.25.2

8.2.5.3

8.25.4

8.255

Within the contractor's LSA documentation, it is necessary to update the corresponding status
codes concerning the involved LSA candidate. However, contractor's information can supersede
the status code allocated by the customer (eg, on-going work status, required deletions).

Exchange of analysis data with the customer
Exchange of analysis data must include, but is not limited to, the following steps:

— establish appropriate rules for data and document exchange - Refer to Para 8.2.5.1.
— LSA data and document collection by the contractor - Refer to Para 8.2.5.2.

— delivery of LSA data/documents by the contractor - Refer to_Para 8.2.5.3.

— customer assessment and distribution of assessment results - Refer to Para 8.2.5.4.
— distribution of customer responses by the contractor - Refer to Para 8.2.5.5.

— distribution of contractor responses on rejected comments - Refer to Para 8.2.5.6.

Establish appropriate rules for data and document exchange
During the LSA GC, the customer and the contractor must document and determine appropriate
agreements and rules. For example:

— software to be used

— data and report formats (eg, XML-format for LSA data and MS Excel for reports or
evaluations)

—  periodicity

— other reasons for delivery

— distribution partners

— binding sequences

LSA data and document collection by the contractor
During the LSA GC, the customer and the contractor must document and determine appropriate
agreements. This includes, but is not limited to:

— establish an appropriate data/document exchange and file network within industry

— collection of data/documents for intended delivery between associated companies and
LSA-related disciplines

— performance of industry internal quality checks, harmonization and agreement for delivery

Delivery of LSA data/documents by the contractor
During the LSA GC and the subsequent LSA agreements, the customer and the contractor must
document and determine appropriate agreements. This includes, but is not limited to:

— distribution of the LSA deliverable (directly or via a designated management unit) by taking
into account the agreed distribution rules including the due date, if applicable
— contractor internal documentation and distribution of the official LSA delivery

Customer assessment and distribution of assessment results
During the LSA GC and the subsequent LSA agreements, the customer and the contractor must
document and determine appropriate agreements. This includes, but is not limited to:

— distribution of the contractor's LSA delivery, as required
— harmonization of the individual responses to one official customer response
— distribution of customer response to the contractor

Distribution of customer responses by the contractor
During the LSA GC and the subsequent LSA agreements, the customer and the contractor must
document and determine appropriate agreements. This includes, but is not limited to:

— registration of the official customer response

Applicable to: All S3000L-A-03-00-0000-00A-040A-A
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8.2.5.6

9.1

— distribution within the industry

— identify, distribute and harmonize the contractor investigation results

— update of the LSA data according to the customer response details (as much as possible)
—  preparation of harmonized contractor response to general comments and disagreements

Distribution of the contractor response on rejected comments
The steps concerning iterated analysis data from the contractor are applicable. Para 8.2.5.3
describes them.

LSA review conference

The contractor and customer personnel must take part to the planning of the LSA Review
Conference (LSA RC), in order to:

— reach final clarification of open issues

— reach customer acceptance of open issues

— monitor the status of LSA candidate items (eg, completion, quality)

— assess supportability aspects related to each phase of the process

— reach additional agreements between the customer and the contractor concerning LSA
aspects to improve the LSA process, as required

LSA review process
The LSA RC must be conducted at LSA candidate level. Prior to the conference, the contractor
must inform the customer about the LSA candidates under discussion.

During the LSA RC, it is necessary to assess and take decisions on the related LSA deliveries
and the relevant data elements, by taking into account established acceptance criteria. Any
decisions must be documented.

Depending on the type of information available at different project stages, complex LSA CI can
require a sequence of analysis activities distributed over a long period. On the other hand, some
decisions must be made very early in the project, based on limited information (eg,
establishment of a preliminary support concept), while other decisions require a stable design
that is not typically available until a very late stage (eg, final task description in the context of an
MTA). Therefore, it is possible to establish a set of review steps to enable sequenced decisions
in line with the structured analysis process. Furthermore, the overall review process can be
divided into different review steps, each supported by coherent information. Review step
indicators can help identify the review steps (refer to Para 9.3). It is necessary to define the
data/information required for each review step.

Due to the iterative nature of an LSA process, any approval given during an LSA RC must be
considered a temporary assessment, but it must allow the contractor to continue with the LSA
process. Because of the iterative nature of LSA, it is possible to re-examine the data due to
changes in the design, the updating of technical data and/or the support or operational
environment.

The final results documented within the LSA data (eg, at the end of each project phase) must be
considered as fixed. During the LSA GC, the parties must agree to the related acceptance
criteria.

The evolving design and the progress of the intended analysis activities must be the basis of the
LSA RC. These meetings must take place regularly within an agreed time frame or depending
on the amount of information to be assessed. Minutes of each LSA RC must be prepared to
record the results and give evidence of the actions that the customer and the contractor must
take. Updating related LSA data in accordance with the results of an LSA RC is a required
iterative activity.
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9.3

9.3.1

9.3.2

Subject for review

In general, during an LSA RC the review will concern any contractual item agreed upon during
an LSA GC, or items agreed upon in subsequent agreements entered into by the customer and
the contractor. In addition, during an LSA RC it will be possible to discuss any aspect that can
be identified as essential for the LSA process or that could influence other support processes
with interfaces to the established LSA program. The aim is to determine modified or additional
LSA activities. The customer and the contractor must coordinate any occurrence within the LSA
process that require common assessment in order to correct any essential problem.

The contractor must provide the customer with introductions to procedures and/or principles of
LSA relevant analysis required. This will help reach a common understanding of the goal of
analysis activities, related restrictions, and essential LSA results including the introduction to
global analysis work flowcharts. Refer to Fig 3 and Fig 4.

The contractor must provide progress reports and assessment summaries on data quality, as
well as summary reports reflecting useful information for the customer. Said reports can include,
for example, a set of supportability KPIs:

— mean man hours per operating hour

— failure localization capability, such as the percentage of successful failure localization to
one component within an LRU (ambiguity group/level 1)

— Mean Elapsed Time (MET) for support tasks that occurred within specified limits, along with
the related percentage (eg, 90% of LRU replacement tasks must be performed in less than
2 hours)

Example for review structuring

The structure of a typical review process can have a series of steps. This way, it is possible to
cover different aspects and/or types of information at different stages of the overall analysis
process. The arrangement of the steps will depend on the project requirements and will realize
LSA data release and acceptance within the LSA review process. Example:

— LSAreview step - CIL and maintenance analysis allocation. Refer to Para 9.3.1

— LSA review step - Identification of task requirements. Refer to Para 9.3.2

— LSA review step - Maintenance Task Analysis (MTA). Refer to Para 9.3.3

— LSA review step - LORA results and support concept information. Refer to Para 9.3.4

LSA review step - CIL and maintenance analysis allocation
This step is the basis for all subsequent LSA activities and includes:

— BEl allocation and BE realization by corresponding parts. Refer to Chap 4
— LSA Cl selection including grouping candidates, where applicable
— identification of the type of candidate and related attributes, such as:

identification of LRU

potential cost drivers
potential maintenance drivers
potential readiness drivers

— allocation of LSA relevant analysis activities to be performed for each selected candidate

— status code providing details

— management and documentation of any update regarding changes in the design
configuration at Cl level

LSA review step - Identification of task requirements
In this step, the support engineering analysis results help identifying the task requirements. The
task requirements cover at least:
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S30002

— corrective maintenance task requirements, such as requirements justified by FMEA results

— PMTR, such as requirements justified by PMA results

— operational support task requirements, such as requirements justified by PHST analysis
results

9.3.3 LSA review step - MTA
In this step, the support tasks based on the identified task requirements will be analyzed to
determine the methodology and resources needed for task performance:

— description of the required maintenance tasks in applicable detail and depth

— duration of each task step

— identification of related resources required to support the maintenance activities (eg,
personnel, support equipment, spare parts, consumables, facilities and infrastructure, data
and software)

9.34 LSA review step - LORA results and support concept information
In this step, a support concept recommendation will be prepared by allocating tasks to a
corresponding maintenance level and relevant facilities. This task typically includes:

—  support concept recommendation proposed by the contractor
— identification of maintenance tasks relevant for equipment integration into the Product, such
as:

e gain access and then restore the item to the initial status
e remove and install equipment
e perform functional tests at equipment and system level, as required

— substantiation concerning the proposed support concept as required (eg, LORA results,
applied method or procedure, main influencing aspects to be considered, other analysis
applied or assessed to perform LORA)

— customer decision on the support concept which could be rejection or alternative solution

9.4 Status code
A status code reflects the review process structure, and addresses contractual issues that
require documentation within a project. Typically, status codes are assigned to LSA candidates
or also to support tasks to document the progress of the analysis activities and customer's
acceptance of LSA data. This part of a status code serves as an indicator of the review step
progress. Additionally, status codes can include further management or technical information,
such as:

—  The responsibility of the companies involved. For each task group, it is necessary to identify
the responsible company. This also reflects the agreed work share details concerning this
subject.

— the type of LSA candidate (eg, full, partial)

— technical aspects (eg, LSA candidate contains user-loadable software and/or data)

Table 16 gives examples of codes that correspond to different status situations:

Table 16 Examples for status codes

Code Description

X Review step content is in working condition, assessment not requested

N Review step is not applicable for the related LSA candidate

R Review step content is requested for assessment and decision in the next LSA RC
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10.1

10.1.1

Code Description
A Customer (temporarily) agrees to the review step content
B Customer assesses the review step content and in principle (temporarily) agrees to

it. However, minor rework is expected prior to final acceptance. In terms of
contractual status, "B" can be treated like "A".

0] Customer did not agree to the review step content, which remains an open issue

The contractor can also use a status code internally in order to give a stop or go status to the
IPS elements, to avoid any risk when creating the IPS products like technical publication.

During the LSA GC, the customer and the contractor must agree upon the intended review
steps, as well as the related status code structure and applicable status codes.

Starting point and management of the creation of the IPS

products

Starting point recommendations

During a design and development phase, several factors influence the starting point for the
creation of the IPS products. The main driver is the required availability of the IPS products, for
example technical publications or an illustrated spare parts catalogue. However, the production
of the IPS products needs a mature situation concerning the basic supportability
information/data provided by the LSA process. There must be a balance between the risk to
create IPS products that will be rejected at a later stage, and the need to make the IPS products
available in time. Design changes, modifications to the use scenario and/or the basic support
concept have a significant influence on the IPS elements. IPS elements to be considered
include:

— technical publications

— material support

— standard and specific support equipment
— personnel and training

Note
Facilities and infrastructure must be considered an IPS element not directly dependent on
LSA results. Decisions on the need for facilities and infrastructure are typically made at an
early stage of the project because the qualification and realization phases are usually
longer. However, during the LSA process it is possible to develop some detailed
requirements for specific equipment needed within a facility (eg, a workshop).

Technical publications
In general, technical publications consists of two main parts:

— handbooks for Product maintenance
— handbooks for Product operation, including real use (eg, how to drive a truck) and
operational support (eg, how to tow a truck)

Depending on the progress of supportability analysis during a design and development process,
the LSA results become more precise. It will be possible to determine the basic support
concept, the required personnel, support equipment and spares, as well as details on how the
task will be executed (task description). Therefore, the development of technical publications
concerning Product repair and maintenance must commence at a later point. Accurate
information from the LSA activities will decrease the risk of inaccurate technical publications,
which can lead to rework.

Applicable to: All S3000L-A-03-00-0000-00A-040A-A

Chap 3

DMC-S3000L-A-03-00-0000-00A-040A-A_003-00_EN-US.docx 2021-04-30 Page 55



S3000L-B6865-03000-00

In some cases, however, the development of technical publications must start early because of
time constraints and contractual preconditions. The documented LSA data are the basis for the
development of the technical publications providing details on Product support tasks. It is
recommended that an effective solution to trigger the development of technical publications be
implemented. The contractor's LSA/support engineering and the technical publications

departments must harmonize this process. A good solution is to use the status information for

LSA candidates, or even for support tasks, and the mechanisms for drafting technical
publications as described in S1000D.

Fig 11 shows the correlation between LSA and technical publications.

LSA data Start of
development of
Corrective and —_ technical Manuals for Product
oot —-
preventive publications maintenance

triggered by LSA
(eg, by status of
BEI / task)

maintenance tasks

Start of
“““““““““““““ development of

Operational support technical

tasks publications
triggered by LSA \
(eg, by status of
BEI / task)

Operations Manuals for

analysis Product operation

ICN-B6865-S3000L0022-005-01
Fig 11 Correlation between LSA and technical publications

Generally, the development of the technical publications for the operation of the Product is
independent from the LSA process. However, it is recommended that this documentation (eg,
for a prototype of a technical system ready for testing and qualification) be made available as
early as possible. It is particularly important to consider the information acquired from
operations analysis activities. The tasks described and documented in this area can be part of
the technical publications for both Product maintenance and Product operation. In this case, the
recommendations for the maintenance documentation are also valid for the results of operation
analysis.

The technical publications for Product maintenance and operational support must reflect each
support task identified and documented within the LSA data.

However, the technical publications for Product repair and maintenance can contain further
information in addition to the documented LSA tasks. In fact, sometimes it is not possible to
include each single maintenance activity within the LSA data (eg, because of budgetary
reasons). Not every part will be an LSA candidate. The LSA must aim to analyze, in depth, the
actual drivers for maintenance and cost. It is also necessary to consider the remaining
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10.1.2

equipment or piece parts that require technical publications. During the corresponding GC, the
contractor and the customer must clarify the depth and extent of this additional technical
publications.

To guarantee a meaningful information flow between the LSA and technical publications, it is
recommended that the LSA and the technical publications department exchange information
concerning the status of work on a regular basis. In this way, the technical publications
department can be constantly updated on all relevant information needed to start the
development of the technical publications. Aspects that should be covered include, but are not
limited to:

— Is the relevant support task ready for technical publications?

— If the status of the LSA task is "Not ready for technical publications”, what are the possible
risks in producing technical publications regardless of the status?

— Isthere a blocking status in LSA, which prevents the production of technical publications?

— Are there any additional activities that the technical publications must include, which are not
a part of the documented LSA data (no trigger from LSA for those aspects)?

Material support

The identification of relevant spare parts and specific consumables is a main task within the
LSA process. The identification of spare parts reflects the depth of the breakdown and the
extent of the analysis activities. Depending on the support concept, the identification of spare
parts and specific consumables can differ drastically. For example, in a simple 2-level
maintenance scenario, the complete equipment will be replaced, and the operator of the
Product will not perform any repair activity. In this case, only a small number of spare parts will
be identified. However, it is possible to identify additional spare parts such as standard parts
(eg, screws, nuts) as being additionally required within a replacement task of the equipment.

The depth of the Product breakdown within the LSA is a crucial point. Theoretically, a very
detailed Product breakdown which even includes piece parts is possible, but the effort is huge
and unacceptable from a project's point of view. Therefore, the identification of spare parts
within the LSA process stops at a certain level. Typically, the maintenance and cost drivers are
identified within the LSA process. This information is documented within the required resources
of any maintenance and operational support task within the LSA data. For material support, it is
necessary to establish a process like the process described for technical publications.
Depending on the progress of the supportability analysis activities, LSA-relevant maintenance
and cost drivers must trigger the creation of the IPS products concerning material support.

The same applies to technical publications, since in many cases LSA will not identify all
required spare parts. However, it is necessary to include in material support all spare parts
identified by an LSA task. Table 17 gives an overview of the different types of spares and their
consideration in the identification process.

Table 17 List of different spare part types identified by LSA

Spare part Description Correlation between LSA and
type material support

Complete - maintenance driver A maintenance task defined
piece of cost driver within the LSA must approve the

equipment i ) identification of the equipment as
Required spare parts for (preventive or a required spare part.

corrective) replacement tasks at operator
site (replacement of complete equipment
without any repair at operator site)
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Spare part Description
type

Correlation between LSA and
material support

Dedicated Required spare parts for equipment repair

spare parts or maintenance tasks at operator site
(repair of the equipment will be performed
at operator site)

Standard Required piece parts (eg, attaching parts

parts or seals) for repair or maintenance tasks at
operator site (repair of the equipment will
be performed at operator site)

Consumables Required consumables such as liquids,
grease, special chemical products, source
material, glue.

A maintenance task defined
within the LSA must approve the
identification of this component as
a required spare part.

A maintenance task defined
within the LSA must approve the
identification of this piece parts as
a required spare part.

A maintenance task defined
within the LSA must approve the
identification of consumables as a
required item.

Note

The dataset of IT systems for material support usually contains many more parts compared
to those identified by an LSA process. The reason is that a documented support task does
not identify many piece parts (eg, like screws, nuts, bolts, washers, attaching parts).
Although these kinds of parts will not fail inherently, they can be lost or damaged.
Therefore, it must be possible to procure those items as well.

If a maintenance task requires the replacement of any piece part, the LSA data must

document said piece part as a required resource.

Fig 12 shows the process to begin the preparation of illustrated parts data within material

support:
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ICN-B6865-S3000L0023-004-01
Fig 12 Correlation between LSA and material support

Standard and specific support equipment

The identification of relevant support and test equipment is one of the main activities of the LSA
process. The timely provisioning with required support/test equipment is crucial, and it is
necessary to make a distinction between common and special support/test equipment.
Particularly, the LSA process must identify the requirements for special support/test equipment.
After the identification, a development or procuring process must begin. Refer to Fig 13.

As a requirement, each item of support and test equipment that is identified by the LSA, must
be a part of a development or procurement process. The LSA status information can be used to
initiate activities within the department responsible for support and test equipment. However, in
some cases, sources other than the documented LSA tasks can fulfill the requirement for
support/test equipment. This is valid, for example, for common tools (eg, a simple screwdriver
does not need to be identified by a special LSA task), as well as for support equipment that
definitely will be needed (eg, a forklift to move heavy components in case of maintenance
activities). It is possible to determine the need for this kind of support equipment before the LSA
data document the first support task.
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Fig 13 Correlation between LSA and support/test equipment
10.1.4 Training

Training requires particular attention. It is possible to identify training needs concerning
maintenance activities once the complete information on the required maintenance and
operational support tasks is available (eg, details of performance, required support equipment,
difficulty and criticality, duration, number of working steps, required personnel). TNA must be
the first step in identifying training requirements. It is possible to base TNA on the support tasks
identified by the LSA. An exchange of status information between the TNA and the LSA must be
introduced to help identify the best starting point for activities to develop training.

Note

To support the identification of training needs not documented in LSA, and to support the
development of training content, additional information should be taken from the technical
publications. Refer to Fig 14.

The customer must agree to the process to identify and develop training content by taking input
from LSA and/or available technical publications. The development of training equipment can be
expensive (eg, production of training videos, training rigs, training simulators). Therefore,
decisions concerning training must be based on reliable information.

For the best possible support, it is recommended to document the training information that is
within the LSA data. The LSA data can contain simple markers, such as training required, or
any other available information concerning personnel competence. Those markers ensure the
extraction of training requirements from the LSA data for TNA purposes.
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Fig 14 Correlation between LSA and training
10.2 Management of the development of the IPS products

The coordination of IPS activities is one of the main challenges within the development or
introduction of a new Product. Developing the IPS deliverables for new Products can be
complex. Therefore, an effective solution must be at the core of the management of this
development process. It is recommended that IPS managers be provided with the appropriate
means to use LSA data/information as a central management tool for the entire IPS process.
The contractor must consider:

—  LSA status information must support the timely development of the IPS products. The
support engineering and/or LSA department must generate the triggering of the IPS
elements to ensure a proper start.

— any IPS element must avoid creating unnecessary effort, such as:

e creation of technical publications for maintenance or operational support tasks that are
never performed at the customer operational site

e documentation or provisioning of spare parts or consumables that are never required
at the customer operational site

e Dbeginning the development or procurement of support/test equipment that is never
required at the customer operational site

e planning training for maintenance tasks which are never performed at customer
operational site

To avoid negative impacts of these aspects, it is recommended that a permanent quality check
of the content of the IPS elements against the content of the LSA data be carried out.
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10.3 Influence of modifications on IPS products
It is necessary to consider carefully design modifications that are relevant for any supportability
analysis results and for the IPS elements. But not only design changes can trigger a
reassessment of the existing support scenario, but also, for example, a change in the
operational framework like a deployment or a new Product use scenario under different
environmental conditions. It is essential to manage effectively the entire IPS process, as a
common process from the design to the IPS elements. A strategy for managing modifications
during every project phase is strongly recommended. Many modifications occurring as early as
the design and development phases will have an effect on the entire project. Moreover, in later
phases of the project, modification management for the IPS elements is vital for both the
customer and the contractor. Fig 15 illustrates a typical triggering process.
||
| Influence of
Modification modifications on
of design supportability
analysis results
causes:
INFLUENCE )|« Change of TRIGGER
Oz maintenance IPS elements to
Modification gopeset update:
of design « Change of ; e
content of LSA Technical publications
data « Material support data
« General and special
? support equipment
—"’“ - -
Modification + Training
of usage
TRIGGER
Modificatioof Influence of modifications on IPS
environment elements without documentation in
the LSA data
Modification of ...
ICN-B6865-S3000L0026-002-01
Fig 15 Influence of modifications on IPS elements in general
11 Checklists
11.1 Detailed checklist for the creation of an ORD

It is recommended that a checklist with a number of detailed questions be used to support the
development of a complete ORD (refer to Table 18). Additionally, there can be project-specific
aspects that must be taken into account.
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Table 18 Checklist of detailed questions to support the ORD creation

Detailed ORD questions

Answer/Action

General use scenario
Which are the expected uses or mission areas?
Is the normal use of the Product the only possible scenario?

Are there any special use scenarios, which must be taken into
consideration?

Is permanent use expected?

Is an out-of-area use under rough conditions expected?

Is the noise from Product use or maintenance expected to have an

impact on the environment?

Is the pollution from Product use or maintenance expected to have an
impact on the environment?

Is the Product use or maintenance expected to have any other impact on

the environment?

Are there any activities necessary to avoid the negative impact of noise

and pollution on the environment?

Are there any problems concerning the performance of the Product
currently in use?

Are there any problems concerning the maintenance of the Product
currently in use?

Are there any problems concerning the supportability of the Product
currently in use?

Is the Product used in combination with other existing products (on a
regular basis, or only occasionally)?

Does the use of the Product depend on other existing Products?

Is it possible to transport the Product?
How long does it take to prepare the Product for transportation?

Does transportation require special protection and/or packaging?

Define transportability requirements (mode, type, quantity, distance,
duration and conditions of transport)

Describe use areas
Yes/No?

Yes/No?

If yes, describe special use
scenarios in detail

Yes/No?
If yes, describe in detail
Yes/No?
If yes, describe in detail
Yes/No?

If yes, describe in detail

Yes/No?
If yes, describe in detail

Yes/No?
If yes, describe in detail

Yes/No?
If yes, describe in detail

Yes/No?
If yes, describe problems
Yes/No?
If yes, describe problems
Yes/No?

If yes, describe problems

Yes/No?
If yes, describe interaction

Yes/No?
If yes, describe dependence

Yes/No?
Duration

Yes/No?
If yes, describe in detail

Define details
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Detailed ORD questions

Answer/Action

Which are the existing requirements concerning support equipment and
personnel for the preparation of Product transportation?

What is the maximum acceptable time interval to recover full Product
capability after transportation?

Which are the existing requirements concerning support equipment and
personnel for the recovery of full Product capability after transportation?

What other items must be transported (eg, support equipment, spares,
personnel) to ensure proper Product operation at the destination and
what are the requirements for these additional transportation tasks?

Define details

Define duration

Define details

Define details

Deployment of locations and special conditions of every location
How many operating locations are there?

Is there an international or even an intercontinental distribution of the
operational locations?

What are the distances between the operating locations?

What are the distances between the operating locations and the required
industry and/or contractor facilities?

Define the type of each location:

- Is the location land-based?

- Is the location ship-based or sea-based?

- Isthe location based in a mountain region?

- Is the location a depot with maintenance capabilities?

- Is the location a home base or an offshore location for the Product?
- Is the location a training base equipped with training facilities?

Define the special conditions at each location:

- Are there extreme sandy or dusty conditions?

- Is the atmosphere at the location salty?

- Are there extreme hot or cold weather conditions?

- Are there other extreme stress conditions at special locations?

- Are there limitations due to special regulations/laws at special
locations?

- Are there special storage requirements due to extreme weather
conditions at special locations?

In a wartime scenario, are there special locations that would preclude
contractor maintenance? (eg, contractors experience difficulty in
performing maintenance and repairs in wartime environments)

Are there any special situations involving threats that might require a
special emergency support concept, with a minimum level of
intervention?

Number

Yes/No?

Map, distances

Map, distances

Define details

Define details

Yes/No?

Yes/No?
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Detailed ORD questions

Answer/Action

Is the available infrastructure adequate to reach all locations (eg, to
guarantee proper supply of spare parts or consumables)?

- quality and existence of roads

- airport (local or international) nearby
- connection to railway stations

- connection to inland or seaports

Define details

Are there special infrastructure requirements for reaching a location? Yes/No?

If yes, define details

What are the existing capabilities of each location concerning support Define details
equipment?
What are the existing capabilities of each location concerning facilities Define details

and infrastructure?

What are the existing capabilities of each location concerning personnel? Define details

What are the planned capabilities of each location concerning suppo
equipment?

rt Define details

What are the planned capabilities of each location concerning facilities Define details

and infrastructure?

What are the planned capabilities of each location concerning personnel? Define details

Will there be plans to establish a repair station at special locations?
Will there be plans to establish a supply depot at special locations?

Will there be plans to exchange of support equipment or personnel
between different locations?

Yes/No?
Yes/No?

Yes/No?

Product support and deployment
How many supported Products are planned per location?
Deployment of Products per location

Will there be plans to share Products between different locations?

Define details
Define details

Define details

Product use overview

What will be the normal use of the Product at every location (key use)? Define details

What is the planned availability of the Product at each operating location? Define details

When the Product is used in missions, what are the planned mission
success rates for each operating location?

Define details
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Detailed ORD questions Answer/Action

Are there any periods of special use of the Products at a special location? Define details
- low payload period

- temporary peak loads

- temporary storage of the Product

- out-of-area use under special or rough conditions

- wartime use

In the case of permanent operational conditions, what are the possible Define time periods for
downtimes for maintenance (maintenance windows)? maintenance

Define additional Product performance parameters in measurable and Define detailed values

guantifiable terms, such as:

- range of use

- required accuracy

- payload values

- required temperatures

- required speed

- required distances

What is the key measurement unit for Product use per unit of time? Define detailed values
Examples are:

- operational hours for general Products

- flight hours for airborne Products (aircraft, helicopters)
- kilometers or miles for land-based vehicles

- rounds or cycles for periodic processes in a Product

- tons for transportation systems

What is the expected operational profile at each location? Define an operational profile

— How many operating hours or missions are planned per day? In case 2S detailed as possible

there are different days for typical use, define the operating profile for
each "day type".

- What are the typical operational profiles for longer periods, such as
weeks, months or years?

How many operating days/operating hours are expected for a year or for  Define detailed values
any other basic time period?

What is the average duration of each different use (eg, operation, Define detailed values
mission, trip, flight, dive)?

11.2 Detailed checklist for the creation of a CRD
It is recommended that a checklist with a number of detailed questions be used to support the
development of a complete CRD (refer to Table 19). However, there can be project-specific
aspects that must be taken into account.
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Table 19 Checklist of detailed questions to support the creation of a CRD

Detailed CRD questions

Answer/Action

Supply concept

Are central depots expected, and how is their deployment planned?
Are depots planned directly at the operational locations?

Is a material exchange between different locations expected?

Has a selection process for suppliers been defined and how will suppliers
be integrated into the expected supply concept?

Is it possible for a production line to provide spare part support (especially
at early stages)?

Is outsourcing via a support agency expected?
What are the limitations for spare part availability and lead times?
What distribution and IT systems will be used to supply spare parts?

Which concept will be used for initial provisioning?

- s it expected to use an optimization or a simulation tool?

- Is the deployment schedule properly supported by the initial spares
delivery?

Will spare part delivery have an impact on the production schedule?

During out-years, is the industrial base compelled to provide spares
support for items that remain in the inventory?

Define details
Yes/No?
Yes/No?

Define details

Yes/No?

Yes/No?
Define details
Define details

Define details

Yes/No?

Yes/No?

Support equipment concept
How can you ensure that all support equipment be available in time?

What is the identification and realization process for standard and special
support equipment?

Is the automated test equipment used effective to support the Product?

What are the plans for maintenance and support of the support
equipment?

- repair and overhaul of support equipment

- calibration of support equipment

Define details

Define details

Define details

Define details

Personnel integration

What are the general requirements and provisions for manpower and
personnel?

Is it the customer or the contractor that provides staff for operating the
Products?

Is it necessary to consider cooperative models?

How can you ensure the timely verification of the required operator
training?

Define details

Define details

Yes/No?

Define details
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Detailed CRD questions

Answer/Action

How can you ensure the timely verification of the required maintenance
training?

What training processes must be developed to ensure adequate
operational and maintenance support at all levels during the entire
Product life? It is necessary to consider the possible rapid turnover of
personnel.

Define details

Define details

Facilities and infrastructure

Which infrastructure must be available at the required facility (eg,
electricity supply, hydraulic power, compressed air, special working
environment)

Are existing facilities at operational locations adequate to the
requirements of a new Product (operational and maintenance facilities)?

Can existing facilities at operational locations be adapted to the
requirements of a new Product (operational and maintenance facilities)?

Is a realistic time schedule available for the building activities for the
required new facilities?

Is there a plan to identify and reduce risks caused by the delay in building
the facilities?

Define details

Yes/No?

Yes/No?

Yes/No?
Define details

Define details

IT and communication resources

Which are the existing IT architectures at every operational location
concerning the following aspects:

- network capabilities

- data storage capabilities

- computer capabilities

- communication resources

Are the existing IT and communication capabilities appropriate for the
new Products that are going to be introduced?

Are there any risks related to future changes in IT or communication
architecture that can affect the operation of the new Products?

Are there any concepts for the initial provision of data for the required IT
systems?

- Who holds the required data?

- Are there any contractual aspects to be considered?

- Are there any problems concerning data security requirements?
Are there any plans for a first installation of required new IT systems and

for the appropriate service of IT systems during the life of the Product
which requires support?

Define details

Yes/No?
Define details

Define details

Define details

Yes/No?
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Detailed CRD questions Answer/Action

Are there any service contracts for hardware and software (planned and  Yes/No?
existing)?

- ensure fast reaction to downtimes
- the terms of any service contract must include the upgrade of
hardware and software in case of technical progress
Are the different IT systems at different operational locations compatible? Yes/No?

Is there a plan to ensure the existence of all required interfaces to other  Yes/No?
IT systems?

New organizational structures

Will any organizational structure be changed at operational locations and Define details
what are the risks related to these changes?

What are the existing opportunities in structure changing for the Define details
introduction of a new Product (eg, reduction of personnel)?

Schedule consideration

What are the plans to include IPS elements at an appropriate level in all  Define details
phases of the project?

Are supportability analysts involved since the earlies phases of the Yes/No?
project, so they can influence basic decisions concerning design?

Additional aspects

What additional aspects specific to the project are highly significant for Define details
the supportability analysts?
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11.3 LSA candidate selection flowchart examples

11.3.1 Non-structural items

Full candidate selection

Is the item
a new developed

or major modified
item ?

Remarks for
Justification
(if required)

Remarks for
justification
(if required)

Has the item a low
reliability ?

Is the

item a
repairable, Maintenance
Relevant ltem

Remarks for
Justification
(if required)

no

to partial
candidate
selection

(MRI)?

Are
dedicated

maintenance tasks complex,
very time consuming and personnel
intensive or is non-standard

Remarks for
Justification
(if required)

yes

to partial
candidate
selection

support equipment
required?

Does

the item need

a specific scheduled or
preventive

maintenance?

Remarks for
justification
(Ifrequired)

to partial
candidate
selection

Potential
full candidate
in CIL

ICN-B6865-S3000L0036-002-01

Fig 16 Full LSA candidate selection flowchart
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The selection flowchart in Fig 16 shows the typical process used to determine full LSA
candidates from an existing breakdown. Depending on the project, it can be necessary to adapt
the selection criteria as there can be additional criteria. The flowchart must be applied to each
breakdown element or part. If the selection flowchart for full LSA candidates leads to the IUA
not being a full LSA candidate, it will be necessary to apply to each of those breakdown element
or part the second LSA selection flowchart for partial candidates. Refer to Fig 17.

530

Partial candidate selection

[ from full candidate selection ]

Must the
item be removed
to gain access and is
the removal of high
frequency?

Remarks for
justification
(if required)

yes no

Is the item a
system or a sub-system,

which is not previously defined
as a full candidate against which
a fault location and/or a test procedure
or other general maintenance
procedures will be
described?

Remarks for
justification
(ifrequired)

Is the item a
non-hardware item,
against which general
activities (like cleaning, storing,
parking, mooring, general
inspections) will be
described ?

yes

Potential
partial candidate
in CIL

Remarks for
justification
(if required)

Potential
non-candidate
in CIL

ICN-B6865-S3000L0037-002-01

Fig 17 Partial LSA candidate selection flowchart

Depending on the project, it can be necessary to adapt the selection criteria as there can be
additional criteria. In general, the analyst must have a guideline for the LSA candidate selection.
The contractor and the customer must harmonize any required change of flowchart logic within
a project and agree to it during the LSA GC.
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11.3.2 Structural items

In the case of structural components, the selection process for LSA candidates differs from the
selection process for non-structural items. Refer to Fig 18.

Is the

design principle yes

Candidate selection for
structural items

of structural item
save life?

Does
the structural item
require specific inspection and/or
scheduled or preventive

Is the
structural item
replaceable (in-service) as
a re-occuring event or is item
removed for access

yes

Results of Preventive
Maintenance Analysis (PMA)
(eg, 54000P, RCM)

Remarks for
justification
(if required)

Is the item

repairable in situ no

and in an installed
condition?

Can repairs
of the structural item
be achieved with standard
or general repair
procedures?

LSA candidate
family (standard
procedures)

Potential
full candidate
in CIL

Potential
non-candidate
in CIL

ICN-B6865-S3000L0038-002-01

Fig 18 LSA candidate selection flowchart for structural items
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12 Associated parts of the S3000L data model

The documentation of the associated data to this chapter is supported by the following Units of
Functionality (UoF), refer to Chap 19:

— S3000L UoF Applicability Statement

— S3000L UoF Breakdown Structure

— S3000L UoF Logistics Support Analysis Message Content
— S3000L UoF LSA Candidate

— S3000L UoF Message

—  S3000L UoF Part Definition

— S3000L UoF Performance Parameter

— S3000L UoF Product and Project

— S3000L UoF Product Usage Context

— S3000L UoF Security Classification

Applicable to: All S3000L-A-03-00-0000-00A-040A-A
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Chapter 4

Product structures and change management in LSA
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1 General
1.1 Introduction
Product structures and change management ensure the correct identification of different
Product configurations, controls changes, and records the change implementation of the
physical and functional characteristics of the Product’s structure, systems, subsystems,
equipment and components.
Establishing a Product breakdown is essential to identify support Product structure for all
configurations during the project life cycle. Traceability between design structure and support
breakdown structure is needed in order to control possible changes in the design Product
structure during all project phases and implement those modifications into the support
breakdown.
Change management is another aspect that must be controlled. Along the life cycle of the
Product, changes coming from different sources modify the original Product baseline structure.
The LSA process must be part of the Configuration Management (CM) process to identify and
analyze what was/is required, designed, produced and supported. It also evaluates changes, to
identify their impact on LSA activities and implement such changes.
This chapter covers two main subjects. First, it focuses on the ways in which to define and
manage Product structures with a view to organizing and recording the results for the respective
LSA activity. Second, this chapter illustrates that the S3000L data model and its associated
exchange format define constructs which support an iterative LSA process.
S3000L supports the definition of Product structures with varying degrees of complexity. A
Product structure in S3000L can cover anything from a simple piece of equipment to an
advanced Product such as a combat vehicle, an aircraft or a carrier.
It also describes how to manage support analysis activities for system of systems and Products
in Products using constructs enabled by the S3000L data model and its data exchange format.
Although it is possible to develop these Products at different times, and in accordance with
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1.2

1.3

2.2

different product data and support analysis standards, it is also possible to incorporate them into
one overall support definition.

Purpose

The purpose for this chapter is to present how the LSA process can reuse Product structures
coming from design and development, and use those structures as a basis to define additional
or modified Product structures that support the LSA activities. The purpose is also to illustrate
how LSA is an integral part of the overall CM process and how to control and implement
changes in the support solution throughout the Product life cycle. Product structures defined
during LSA will also be the basis for Product structure needed by other IPS disciplines.

The chapter provides rules and guidance for the creation of Product structures for different
types of Products. Below some examples are given to allow an efficient CM. The chapter also
analyzes change management and the impact on LSA activities.

Scope

The target readers of this chapter are analysts who perform analysis activities within the LSA
process, giving the necessary guidelines on the different available options to define the most
appropriate Product structures based on the project requirements. It is also essential for
traceability between design and support Product structures, and for change management
control within the CM process.

Note
Figures in this chapter do not always reflect the exact representation in the S3000L data
model. In many cases, they are simplified to give the reader a basic understanding of
concepts and constructs covered in the specification.

Product

Product development and LSA
The core principles behind product structures and change management in S3000L are:

— LSAis performed in parallel with product design and development
— LSA supports a system of systems perspective

This means that S3000L is designed to meet the requirement to start LSA activities at the same
time as product design, and those LSA activities will iterate as product design and development
progresses.

It also means that S3000L is designed to support LSA activities to be performed against a set of
Products, taking into consideration that individual Products can be in very different life cycle
phases, and their respective Product can be structured and documented in a completely
different way. Some Products can be newly developed, while others are mature and have been
in service for some time.

Therefore, S3000L supports the idea that different principles can underlie the organization of a
Product structure. However, it must be possible to incorporate Products into an overall Product
and system of systems breakdown structure.

To this end, product structure definitions in S3000L share the same underlying principles as
existing Product Data Management (PDM) / Product Lifecycle Management (PLM) systems and
standards, such as ISO 10303-239 Product Life Cycle Support.

Use of the term Product in S3000L
A Product in S3000L (and in SX001G) is defined as a family of items, which share the same
underlying design purpose.

Examples:
— Nexter VBMR Griffon
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Airbus A340
— Boeing 787
— Aegis Class Destroyer
— Ford Fusion
— Rolls Royce Pegasus Engine
— Apple iPhone 7

A Product then comes in one or many variants, and each product variant is configured for a
specific purpose and made available to the market. As laid out in S3000L, each Product must
have at least one defined product variant.

Examples:

— Nexter VBMR Griffon Command Vehicle vs. Medical Vehicle vs. Personnel Carrier
— Boeing 787-800 vs 787-900

— Ford Fusion S vs. SE vs. SEL

Note
In S3000L, the term "product variant" corresponds to the broader sense of the term
Product. A common definition of Product is something that is offered to the market to satisfy
a requirement or need.

Note
Product variant is also referred to as model in S1000D and S2000M.

2.3 Project and system of systems in S3000L
Chap 3 provides a general description of LSA projects. It is necessary to underline the
importance of being able to define and manage Product structures from a system of systems
perspective.

A system of systems is often defined as a collection of Products, each capable of independent
operation, that interoperate together to enable more advanced capabilities. However, S3000L
defines a system of systems as a collection of Products. Although each Product is potentially
defined and developed independently, its respective support requirements must be harmonized
against a common support solution.

The project concept in S3000L aims to organize a set of contracts and Products under one LSA
project, and to meet the requirements for the overall system of systems even when performing
LSA analysis activities individually for each Product.

Example
An air ground surveillance system of systems can include, for example, an unmanned
aircraft, ground based antenna trailer and communication shelters (refer to Fig 1).
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IPROJECT
1 Ground surveillance with

:unmanned air vehicle and mobile
| data evaluation stations

(analysts” working places)

Shelter mounted on truck

(carrying shelter for analysts’

PRODUCT

Communication via
antenna equipment

Unmanned aircraft
(MALE, Medium Altitude Long Endurance)
PRODUCT

* PRODUCT
Data/information from communication

helt ded t lysts” shelt
Shelter shelter forwarded to analysts‘shelter '@“i”)

Trailer with antenna
(carrying SATCOM antenna)

*

PRODUCT

PRODUCT Trailer towed by truck

Communication via
antenna equipment

Truck

working places) Armored vehicle
(observation & target acquisition)

ICN-B6865-S3000L0115-001-01
Fig 1 System of systems example

Product structure

Introduction
S3000L covers two basic capabilities, which can be used to define hierarchical product
structures.

The first capability allows partitioning a Product into hierarchical parent-child structures
consisting of related elements. Hereafter these structures are referred to as breakdown
structures, or simply breakdowns. For example, it is possible to use this capability to define a
system breakdown, a functional breakdown, and/or a zonal breakdown (refer to Para 3.2).

The second capability allows managing different types of parts lists, often referred to as a Bill of
Material (BOM). A part list represents the collection of parts included in the assembly of the
parent part (refer to Para 3.3).

S3000L also supports the possibility to combine breakdown structures with part lists. For
example, a breakdown element that represents an installation location for equipment within a
Product, can refer to one or many parts that can be installed at that location. These parts can
have part lists, and it is not necessary to include these part lists in the breakdown structure that
includes the relevant part.

Another important aspect of S3000L is that it does not dictate any specific principles for Product
structure definition for LSA. The goal of S3000L is not to impose any specific Product structure
principle, since the principles for Product structure definition vary depending on application
domains, companies, etc. This also includes principles and rules on how to set up the
identification of elements in the defined breakdown structures. For example, S3000L does not
dictate the use of Logistics Control Number (LCN) or Standard Numbering System (SNS) like
GEIA-STD-0007 or S1000D, respectively. However, individual programs and projects can
define project-specific business rules to use any of those, or other principles.

In addition to defining breakdown structures and parts lists, S3000L can also keep detailed
information for the allowed product configurations. In the context of product variants, serialized
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3.2
3.2.1

products and/or complex part assemblies, an allowed product configuration defines permitted
combinations of breakdown elements, hardware parts, software parts, and parts list entries.

Breakdown structures

Breakdowns and breakdown elements

Breakdowns represent the partition of a Product or product variant into a hierarchical parent-
child structure of related breakdown elements. For example, it is possible to use breakdowns to
define a system breakdown, a functional breakdown, a physical breakdown and/or a zonal
breakdown for a Product. A breakdown can also be hybrid, containing a mixture of system,
zonal and physical breakdown elements.

S3000L has one generic capability which can be used to represent any number of breakdowns.
The breakdown type attribute determines the type of breakdown being defined.

Each breakdown consists of a set of breakdown elements. Breakdown elements can be
organized into hierarchical structures either by establishing explicit parent-child relationships
between the respective breakdown elements, or by assigning identifiers to the respective
breakdown element to indicate its position in the breakdown structure. These approaches are
referred to as explicit and implicit breakdown structures, respectively (refer to Fig 2).

Classical LSAProduct breakdown Design or PDM-based Product breakdown

Breakdown
BE
BEI = A01U
BE BE
BEI = XD4 BEI = HO7
BE BE
BEIl =1-1-1 BEI =1-1-2 BEI = JK-02 BEI =H-L01
BE BE BE BE
BElI =1-1-21 BEI =1-1-2-2 BEI = H-LA2 BEI = H-K234
] Breakdown Element (BE)
— Explicit parent child relationship
--------- Implicit parent child relationship (given by syntax of the BEI)
BEI Breakdown Element Identifier

ICN-B6865-S3000L0082-003-01
Fig 2 Example of implicit and explicit breakdown structures

Note
The implicit breakdown approach reflects legacy IPS standards and specifications like
GEIA-STD-0007 and S1000D, which use Logistics Control Number (LCN) and Standard
Numbering System (SNS) respectively to indicate the breakdown structure. The explicit
breakdown approach reflects current PDM/PLM approaches, which organize objects
through explicit parent-child relationships.

In S3000L, a breakdown can include four different types of breakdown elements. These are:

— an aggregated element, which acts as a container for a collection of other breakdown
elements. Aggregated elements are typically used to represent systems, subsystems,
functions, sub-functions, families, etc.

— ahardware element, which is "realized" by hardware part(s)
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— asoftware element, which is "realized" by software part(s)
— azone element, which represents a three-dimensional space related to the Product

Then, it is possible to further specialize each type of breakdown element using its respective
type attribute.

It is important to note that hardware and software elements represent the use of hardware and
software parts in the context of a Product. For example, hardware and software elements do not
represent the hardware or software part themselves. Each hardware and software element can
refer to one or many hardware or software parts used to realize the respective hardware and
software element. Refer to Fig 3. If there is more than one allowed realization for a hardware or
software element, these alternative realizations are regarded as substitutes (eg, as alternates in
a specific usage). For more details on substitute and alternate parts, refer to Para 3.3.

Note
It is necessary to consider breakdown elements and parts as separate entities, and as
having separate specifications (definition). The specification for the part must be in line with
the specification for the breakdown element. If not, it is necessary to define a deviation with
respect to the realization of the breakdown element (eg, the inclusion of the part as a
possible realization).

Product — Breakdown

breakdownType = System Breakdown

Aggregated Element

BEI = A01U
Aggregated Element Aggregated Element
BEI = XD4 BEI = HO7
l:l Breakdown Element (BE)
Software Element Hardware Element BE-Part , realization”

BEI = JK-02 BEI = H-L01 » _ relationship (both, part P321
and part PO4X can be a
realization of BE H-LO1)

Hardware Element \__| / Hardware Element
Part Realization Part Realization A Part
Explicit parent child
relationship
Part Part BEI Breakdown Element Identifier
Pl=P321 Pl=P04X
PI Part Identifier

ICN-B6865-S3000L0116-001-01
Fig 3 Relationship between breakdown elements and parts

It is necessary to give special attention to software since it is an integral part in most modern
state-of-the-art Products. Any supportability analysis must consider software, which can require,
for example, to define loadable software packages as part of the breakdown structure, if the
software requires a task definition for its installation/de-installation. The Product breakdown
must also define the effectivity of software and hardware combinations (refer to Para 3.5). If the
hardware does not undergo any modification, but the integrated software does, it is necessary
to document such modifications as being part of the Product structure.

Applicable to: All S3000L-A-04-00-0000-00A-040A-A
Chap 4
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Note
Software implementers need to be aware that breakdown structures do not refer to the
included breakdown elements, but to objects that represent the usage of the respective
breakdown element (BreakdownElementUsagelnBreakdown). Refer to Chap 19.

3.2.2 Breakdown revisions and breakdown element revisions
In S3000L, breakdown revisions and breakdown element revisions manage the changes to
breakdowns and breakdown elements respectively.
Each breakdown revision and breakdown element revision define a new release of a breakdown
and breakdown element respectively (refer to Fig 4). Revisions trace the development progress
(often referred to as development iterations). The use of revisions supports configuration
management, and in particular, enables synchronization between changes introduced from
Product design, and their impact on the LSA results.
The use of breakdown revisions and breakdown element revisions is especially important for
projects where LSA starts during the early phases of the program, and is an integral part of
product design and development. Explicit revisions enable an iterative development and allow
for explicit traceability between product structures defined as part of product design, and
product structures defined for LSA.
Product Breakdown
breakdownType = System Breakdown
Breakdown revision: BDRev-001 [:> Breakdown revision: BDRev-002 [:> Breakdown revision: BDRev-003
Creation date: 01.05.2015  Status: archive/locked Creation date: 01.07.2017  Status: archive/locked Creation date: 01.06.2019  Status: dactive
[ \ \
BEI=A01U BEI = AO1U BEI=A01U
BE-Rev: A BE-Rev: B BE-Rev: C2
|
!—‘ﬁ ﬁ‘ﬁ [
BEI=XD4 BEI = HO7 BEI = XD4 BEI = HO7 BEI = XD4 BEI = HO7
BE-Rev: A BE-Rev: A BE-Rev: B" BE-Rev: A BE-Rev: C2 BE-Rev: B2
\
!—‘ﬁ !—‘ﬁ [
BEI=JK-02 | | BEI=H-L01 BEI=JK-02 | | BEI=H-L01 BEI=JK-02 | | BEI=H-LO1
BE-Rev: A BE-Rev: A BE-Rev: A BE-Rev: B BE-Rev: A BE-Rev: C2
|
H !—‘—\ [
BEI=H-LA2 BEI=H-LA2 | |BEI=H-K234 BEI = H-LA2 BEI = H-78W
BE-Rev: A BE-Rev: B" BE-Rev: A BE-Rev: C2 BE-Rev: A

BE| = Breakdown Element Identifier

BE-Rev = Breakdown Element Revision 1) Modified from BDREv-001 to BDRev-002 2 Modified from BDREv-002 to BDRev-003

Parent-child relationshipas used in
Breakdown revision BDRev-001

Parent-child relationshipas used in
Breakdown revision BDRev-002

Parent-child relationshipas used in
Breakdown revision BDRev-003

ICN-B6865-S3000L0117-001-01
Fig 4 Examples of breakdown revisions defined during the Product development

Note
Adding hardware and software parts to hardware and software elements respectively often
results in new hardware and software element revisions.

Note
Breakdown element revisions must not be confused with legacy methods to document
alternate solutions within a Product breakdown, such as Alternate Logistics Control Number
(ALC) in GEIA-STD-0007, or disassembly code variant in S1000D.

S3000L-A-04-00-0000-00A-040A-A
Chap 4
2021-04-30 Page 9
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Note
Revision identification can include both release and progress (in-work) identifications. As an
example, the S-Series IPS specifications identify the issue number as a value between
"000" and "999", in combination with a progress (in-work) identification with a value
between "00" and "99". The issue number and progress identification must be separated
with a hyphen ("-"), for example "001-01".

3.2.3 Breakdown element identification
A Breakdown Element Identifier (BEI) is used to identify an individual breakdown element within
a Product breakdown structure. A key feature in S3000L is that it allows for more than one BEI
to be assigned to one and the same breakdown element (refer to Fig 5).

The rationale for this is that breakdown elements can use identifiers generated by the system,
early on in a project, then wait to assign more supportability-oriented identifiers when the
Product breakdown structure stabilizes. However, it is possible to present the hierarchical
structure using explicit parent-child relationships.

Note
If a breakdown element has multiple BEI, the additional characterizations must differentiate
the respective identifier, in terms of identifier type and/or the organization that assigned the
identification.

If frequent changes are introduced into the breakdown structures early on in a project, the use
of explicit parent-child relationships reduces the amount of work, since it does not require
reassignments of BEI due to changes in the design product structure.

Product —| Breakdown

breakdownType = System Breakdown

Aggregated Element

PDM-based BEI = AQ1U

BEI =
SNS based BEI = M-21-00-00
Aggregated Element Aggregated Element
PDM-based BEI = XD4 PDM-based BEI= HO7
BEIl = | BEI =
| SNS based BEI = M-21-10-00 SNS based BEI = M-21-20-00 = BE with more than one BEI
[ eg, BEI from Product Data
| | Management (PDM) and BEI
Software Element Hardware Element from Standard Numbering
System (SNS)
BEl = PDM-based BEI = JK-02 BEI = PDM-based BEl = H-LO1 - | Part with more than one PI
SNS based BEI = M-21-10-01 SNS based BEI = M-21-10-02 eg, Plfrom Productintegrator
and from Original Equipment
Manufacturer (OEM), both
Hardware Element Hardware Element represented by their
Part Realization Part Realization Commercial and Government
Entity Code (CAGE Code)
Part Part ~ - BE-Part ,realization”
Integrator Pi= | Integrator CAGE = Integrator Pl=_ Integrator CAGE = {Eli;“w“s?%u oart
P321 oth, par and par
Pl = sl pUGUo Pl = _XOOOO P0O4X can be a realization of BE
OEM PI= OFEM CAGE = OEM PI= OEM CAGE = H-L01)
PN-011 X2222 017P-89 X3333

ICN-B6865-S3000L0118-001-01
Fig 5 Example of multiple identifiers for breakdown elements

Applicable to: All S3000L-A-04-00-0000-00A-040A-A
Chap 4
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Note
Supportability-oriented BEI provide an explicit understanding of what portion of the Product
a given breakdown element belongs to, and of its position in the hierarchical structure.
Examples of supportability-oriented identifiers are Logistics Control Number (LCN) in GEIA-
0007 and Standard Numbering System (SNS) in S1000D (refer to Para 5.2.9).

Note
If there is a need to establish supportability-oriented breakdown BEI, it is necessary to
harmonize them with the other IPS elements, such as technical documentation and material

support.

Note
Software implementers must also note that it is possible to assign supportability-oriented
BEI to objects representing the usage of breakdown elements in a specific breakdown
(known as BreakdownElementUsagelnBreakdown in the data model, refer to Chap 19 and
Fig 11). For example, it is possible to use a breakdown element in different locations in a
breakdown, and still differentiate its usages from the breakdown perspective. For example,
one breakdown element represents a wheel, which can then be instantiated multiple times
in a breakdown structure (eg, right front wheel, left front wheel, etc.).

3.24 Breakdown element relationships
There are two ways to define relationships between elements in breakdown structures.

The first approach defines relationships between breakdown elements (refer to Chap 19, Unit of
Functionality (UoF) Breakdown Structure, BreakdownElementRevisionRelationship). This
approach can be used if the relationship is stable and will not change between different
revisions of breakdowns. For example, it is possible to use this approach to:

— include of physical breakdown elements in a system breakdown relationship (refer to Fig 6)

— define the relationship between functional breakdown element and physical breakdown
element, like GEIA-STD-0007. Two breakdown elements represent the same thing from
different perspectives.

— create an access point relationship, in case one breakdown element is located behind
another breakdown element (eg, a panel or hatch)

Note
Using the explicit breakdown element in zone relationship, as defined in the UoF Zone
Element (refer to Chap 19), is the most suitable means to define in-zone relationships.

Applicable to: All S3000L-A-04-00-0000-00A-040A-A
Chap 4
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Product

Breakdown

breakdownType = System Breakdown

Aggregated Element
Product
BEI = A1

Aggregated Element
System A
BEl = A1-5-28

Aggregated Element
System AA
BEIl = A1-§-28-40

The second approach defines relationships between the different usages of breakdown

Aggregated Element
System AAA
BEIl = A1-S-28-41

BE Relationship
TYPE = INCLUDES
BE Relationship
TYPE = INCLUDES
BE Relationship Hardware Element
Equipment D
TYPE = INCLUDES BEI = A1-P-05

Aggregated Element
System AAB
BEIl = A1-§-28-42

BE Relationship
TYPE = INCLUDES
BE Relationship
TYPE = INCLUDES

Breakdown

breakdownType = Physical Breakdown

Aggregated Element

Product
BEI = A1

Hardware Element
Equipment A
BEI = A1-P-01

Hardware Element
Equipment B
BEI = A1-P-04

Hardware Element
Equipment F
BEI = A1-P-08

Hardware Element
Equipment G
BEI = A1-P-10

ICN-B6865-S3000L0119-001-01
Fig 6 Example of use of breakdown element relationship

elements in a given breakdown (refer to Chap 19, UoF Breakdown Structure and
BreakdownElementUsageRelationship). This approach is most suitable for relationships that
represent configuration aspects of breakdown elements in a specific breakdown, such as

mutual inclusion and mutual exclusion.

An example of a mutual exclusion is "If breakdown element X is installed, then breakdown
element Y must not be installed”. For example, these types of definitions are especially useful
for mission equipment and mission configurations (refer to example in Fig 7).

Applicable to: All
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Product
Armored vehicle

Product Variant
Reconnaissance

Breakdown

breakdownType = System Breakdown

Aggregated Element
Armored
reconnaissance vehicle
BEI = A1.RC-00-00-00

Aggregated Element
— Handles
BEI = A1-03-01-00

Aggregated Element

Aggregated Element
L — Handrails

Observation

BEI = A1-02-00-00

BEI = A1-03-02-00

Aggregated Element
Door
BEI = A1-03-00-00

Aggregated Element
Ladders
BEI = A1-03-03-00

Aggregated Element
Defense
BEI = A1-04-00-00

Hardware Element
Camera
BEI = A1-03-10-10A

A4

Breakdown Element Usage Relationship
Type = Mutual exclusion

Hardware Element
— Obturator <
BEI = A1-03-10-10B

ICN-B6865-S3000L0120-001-01
Fig 7 Example of breakdown element usage relationship

Note
The example of breakdown element usage relationship in Fig 7 does not explicitly illustrate
the representation of BreakdownElementUsagelnBreakdown for the respective breakdown
element, but rather it conveys a more simplified view (refer to UoF Breakdown Structure,

Chap 19).

3.25 Breakdown element in multiple breakdowns
As such, breakdown elements are not explicitly included in any given breakdown structure, but
their usages are (refer to Chap 19, UoF Breakdown Structure and
BreakdownElementUsagelnBreakdown). This way, it is possible to use the same breakdown
element in multiple breakdown structures or in breakdowns defined for totally different purposes
(refer to Fig 8). Because this principle is used, it is possible to use the same breakdown element
in different breakdown types, therefore there is no need for defining explicit breakdown element
relationships between breakdown elements defined in different breakdowns (eg, system versus
physical breakdown) for the same Product.

Applicable to: All S3000L-A-04-00-0000-00A-040A-A
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Product
Armored vehicle

Product Variant
Reconnaissance

Product Variant
Combat

Breakdown

breakdownType =System Breakdown

Breakdown
breakdownType = System Breakdown

Aggregated Element
Armored reconnaissance
vehicle
BEI = A1.RC-00-00-00

Aggregated Element
Armored combat
vehicle
BEI = A1.CB-00-00-00

Aggregated Element
Reconnaissance 1
BEI = A1.RC-10-00-00

Aggregated Element
Cameras
BEI = A1.RC-10-10-00

Aggregated Element
Observation
BEI = A1-02-00-00

Aggregated Element
— Combat
BEl = A1.CB-11-00-00

Aggregated Element
Field sensors
BEI = A1.RC-10-20-00

Hardware Element
Driver periscope
BEI = A1-02-10-00-00

Aggregated Element
Side periscopes
BEI = A1-02-20-00-00

Hardware Element
Turret
BEI = A1.CB-11-10-00

3.3

Aggregated Element
— Defense —
BEI = A1-04-00-00

t Hardware Element J

Heavy Machine Gun
BEI = A1-04-10-00

ICN-B6865-S3000L0121-001-01
Fig 8 Example of usage of breakdown elements in multiple breakdowns

Parts lists

A part list (Bill of Material, BOM) represents the collection of parts included in the assembly of
the parent part (refer to Chap 19, UoF Part Definition). A part in S3000L can have zero, one or
many associated types of parts lists. In fact, there can be different parts lists for the same part
considered from different perspectives. There is often a need to manage both engineering parts
lists, often referred to as Engineering Bill of Material (EBOM), and support or service parts lists,
often referred to as Service Bill of Material (SBOM).

Examples of the difference between EBOM and SBOM include, but are not limited to:

— an EBOM includes all detail parts needed to manufacture the assembly part, whereas an
SBOM only includes the parts that can be replaced in the context of a maintenance task

— an EBOM can also include parts assembled before they are made available as spare parts
to the market. This means that the SBOM can include parts which have different part
identifiers (part numbers) from those indicated in the EBOM.

Parts included in a part list can also change over time. This can be due, for example, to
additional substitute parts added to the EBOM, or to required changes to the SBOM because of
changes in the maintenance concept. Therefore, S3000L allows for managing revisions of part
lists over time.

S3000L also allows for defining relationships between part list revisions.

Applicable to: All
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Example:
Part list relationship records that the SBOM revision B for part "54555-101" is based on
revision C of the EBOM for the same part.

A part can also have one or many alternate parts. An alternate part can replace the base part in
all its usages. Therefore, interchangeability is context-independent, and the parts coincide with
respect to their form, fit and function.

A part in a specific part list can have a substitute part. If a substitute part can only replace the
base part in the context of a specific part list, the interchangeability is context dependent.

Note
Alternate parts are often defined for details such as nuts and bolts. In most cases,
substitute parts are defined for equipment, either as substitute parts within a parts list or as
alternative realizations for an installation location on Product level. The latter is best
represented using breakdown element realizations in S3000L (refer to Para 3.2.1).

Note
It is not possible to represent alternate or substitute vendor parts using the multi-valued
identifier attribute for a Part As Designed.

Note
The terminology of alternate and substitute parts is used in most product data standards,
such as ISO 10303:239.

Part

V/UHF
transceiver

Pl = VUHF-5026

Parts List
Support Parts List

| defined | | |
Parts list entry by Parts list entry Parts list entry Parts list entry

Pos 01 Pos 02 Pos 03 Pos 04

Substitute part

Part Part
Power Power V/UHF V/UHF
supply supply transmitter receiver
Pl = 6025P-200 Pl = 6025P-300 Pl =8026T-100 1040R-100

Alternate part

Hardwarepart
defined by

Parts list (BOM) and its Parts List Entries

Relationship between two parts, substitute part
(in the context of the actual parts list) or
alternate part (valid for any context)

AN
—
-

V/UHF
receiver

1040R-200
ICN-B6865-S3000L0122-001-01
Fig 9 Example of part list and the use of substitute and alternate parts

Applicable to: All S3000L-A-04-00-0000-00A-040A-A
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3.4

3.5

Fig 9 illustrates that V/UHF transceiver (VUHF-5026) is an assembly of a power supply, a
V/UHF transmitter and a V/UHF receiver. The SBOM for the V/UHF transceiver (VUHF-5026)
indicates that there are two power supply parts (6025P-200 and 6025P-300), and both can be
used as the power supply in the V/UHF transceiver (VUHF-5026). The substitute part
relationship specifies that it is not possible to install both at the same time, but that they are
interchangeable in the context of the V/UHF transceiver VUHF-5026.

Note
Since the power supply 6025P-300 is defined as a substitute part for power supply
6025P-200 in the context of the parts list for V/UHF transceiver VUHF-5026, this only
allows for power supply 6025P-300 to replace power supply 6025P-200 in the context of
V/UHF transceiver VUHF-5026, and not in any other context unless explicitly defined.

On the other hand, V/UHF receiver 1040R-200 can replace V/UHF receiver 1040R-100 in any
usage, and therefore does not need to be explicitly defined as a substitute in the context of
V/UHF transceiver VUHF-5026.

Note
It is necessary to define substitute parts as part list entries in every part list where they can
be used as an alternative part.

Note
In the example above, identification of each entry in the part list is unambiguous. In many
cases, substitute part list entries are listed with the same position number, often derived
from in a drawing. This kind of information can be represented in S3000L using the part list
entry attribute "reference designator".

S3000L also considers software as parts. This means that software parts can be included in
parts lists for both hardware parts and software parts.

Replaceability aspects

Replaceability can be defined for hardware elements as well as for parts. In both cases,
replaceability can be defined from either a technical perspective or a chosen support strategy
perspective. The technical perspective defines whether the associated part can be replaced
(yes/no), whereas the replaceability strategy defines, for example at what maintenance level the
replacement takes place (refer to Chap 11).

Product design configuration

Product design configuration defines allowed configuration standards for a given Product or
product variant. Product design configuration allows the user to define permitted combinations
of breakdown elements, hardware parts, software parts and parts list entries in the context of a
Product, of a given product variant, or of a highly configurable assembly part. Allowed product
configurations are also often referred to as effectivity definitions.

The UoF Product Design Configuration (refer to Chap 19) can restrict the allowed usage for
breakdown elements and parts, included in more generic product structures by restricting their
applicability to specific allowed product variants and/or specific product design configurations. It
is possible to restrict the respective breakdown element, breakdown element realization and
parts list entries to be effective just for a given product variant, a given part-numbered item,
and/or for a specific serial number range.

S3000L supports two basic principles for defining product design configurations. These are:

— usable on product variant, where an item (breakdown element, breakdown element
realization or parts list entry) in the Product structure for the overall Product is defined as
being effective only for a given product variant, or even for a specific serial number range of
a product variant

Applicable to: All S3000L-A-04-00-0000-00A-040A-A
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— effective on product configuration, where detailed allowed design configurations can be
defined in order to identify allowed configuration (build) standards

Note
The rationale behind including product design configuration information in the context of
support analysis is to filter elements in the Product structure to allow the analyst to identify
prioritized elements. For example, this allows meeting delivery schedules for specific
product variants and/or for a defined Product design configuration (build standard). Second,
this information can be useful to the customer/operator to ensure consistent Product
configuration and also to filter out task steps and resources needed in performing a task on
a certain product variant.

Note
When shared with the customer/operator, LSA must not be considered as an authoritative
source for allowed product configuration information.

Usable on product variant

If the Product structure contains certain elements which are defined for the overall Product but
are only effective for certain product variants, it is necessary to identify those elements by
providing "usable on product variant" information (refer to Fig 10).

It is also possible to associate usable on product variant information with a limited serial number
range.

Additionally, there is also the possibility to apply usable on product variant information at
different levels of the Product structure, for example:

— at breakdown element level, usable on product variant can be defined for the breakdown
element independent on breakdown type and breakdown revision

— at breakdown element realization level, usable on product variant can identify which part
numbered items can be used on specific product variants

— at breakdown element usage level, usable on product variant can be defined per breakdown
element in the context of an individual breakdown revision

Applicable to: All S3000L-A-04-00-0000-00A-040A-A
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End ltem Revision 1.0 End ltem Revision 1.0
Product TeElah Usage in Breakdown Aggregated Element
Armored vehicle — > Armored vehicle Armored vehicle
PROD ID = A1 breakdownType =System Breakdown BEI = A1-00-00-00 BEI = A1-00-00-00
¥ - ¢ - System E; Revision 1.1 System Revision 1.1
Procklct Vs;rlant F:Aroduc; Va”: T Usage in Breakdown Aggregated Element
reconnaisr,r::rzse vehicle rmo\::hislzm i Observation Observation
= A1-02-00- BEI = A1-02-00-00
PROD VAR ID = A1.RC PROD VAR ID = A1.CB BEI = A1-02-00-00
h
Equipment Revision 1.0 Equipment Revision 1.0
Usable Usage in Breakdown Hardware Element
On Product >« Driver periscope A Driver periscope A
Variant BEI = A1-02-10-00 BEI = A1-02-10-00
Equipment Revision 1.0 Equipment Revision 1.0
Usable Usage in Breakdown Hardware Element
On Product Driver periscope B Driver periscope B
Variant BEI = A1-02-20-00 BEI = A1-02-20-00

|:| Parent-Child relationship into the Breakdown

3.5.2

Text in red is not instantiated as part of the usage but is there forillustrating purposes
ICN-B6865-S3000L0123-001-01
Fig 10 Example of usable on product variant construct

Effective on product configuration

Effective on product configuration information can manage very granular definitions of permitted
combinations of breakdown elements, hardware parts, software parts, part list revisions and
part list entries, either in the context of a product variant or in the context of a highly
configurable assembly part (allowed product configuration). Refer to Fig 11.

There can be a need for an allowed product configuration to have an authority to operate (eg,
type certificate), often granted by a government entity.

For example, an allowed product configuration can be used to further define specific allowed
configuration standards to meet specified development steps for a given product variant. In
order to fulfill the allowed configuration standards, set by the manufacturer, the operator must
adhere to the allowed product configuration. The scope of many LSA programs does not include
the exchange of this information and does not claim that the LSA data is the authoritative
source. However, it can be important in order to:

— identify prioritized elements, for example based on development plans and delivery
schedules
— define detailed applicability statements for task-related information

Applicable to: All S3000L-A-04-00-0000-00A-040A-A
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End Item Revision 1.0 End ltem Revision 1.0
Product el b Usage in Breakdown Aggregated Element
Armored vehicle  [—» > Armored vehicle Armored vehicle
PROD ID = A1 breakdownType = System Breakdown BEI = A1-00-00-00 BEI = A1-00-00-00
Product Variant System ¢ Revision 1.1 System Revision 1.1
Armored
reconnaissance vehicle Usage in Breakdown Aggregated Element
PROD VAR ID = A1.RC Observation Observation
BEI = A1-02-00-00 BEI = A1-02-00-00

‘ v

Allowed Product Allowed Product
Configuration by CI Configuration by CI

Development step 1 Development step 2 [:l
APC ID =RC1 APCID =RC2
7}

Equipment Revision 1.0 Equipment Revision 1.0

Effective Usage in Breakdown Hardware Element

on Product Side periscope A Side periscope A

Conf. BEI = A1-02-10-00 BEI = A1-02-10-00
Equipment Revision 1.0 Equipment Revision 1.0

Usage in Breakdown Hardware Element

on Product Side periscope B Side periscope B

Conf. / BEI = A1-02-20-00 BEI = A1-02-20-00

|:| Parent-Child relationship into the Breakdown
Text in red is not instantiated as part of the usage but is there forillustrating purposes

ICN-B6865-S3000L0124-001-01
Fig 11 Use of product configuration

3.6 Nested product variants and product configurations
S3000L has also the capability to define nested structures for product variants and allowed

product configurations (refer to Fig 12).

This allows for defining effectivities regarding use of sub-Products in overall Products, for
example to define that it is possible to use a specific engine model only on a specific aircraft
variant, or that certain configured mission kits are only suitable for certain variants of an
armored vehicle.

S3000L-A-04-00-0000-00A-040A-A
Chap 4
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- Aggregated Element
Product Product Variant Breakdown Armored reconnaissance
Armored Armored reconnaissance — > vehicle
vehicle vehicle breakdownType = System Breakdown BEI = A1-00-00-00
Aggregated Element
Observation
BEI = A1-02-00-00
L4
Nested product Aggregated Element
variant Reconnaissance
relationship BEI = A1-10-00-00
Aggregated Element
Defense
BEI = A1-04-00-00
L4
Product Product Variant Breakdown Aggregated I-;\ement
Heavy > Heavy machine gun > Heavy machine gun
machine gun vy g breakdownType = System Breakdown BEl = G1-00-00-00
Aggregated Element Aggregated Element Aggregated Element
Weaponry Fire protection Air protection
BEI = G1-01-00-00 BEI = G1-02-00-00 BEI = G1-03-00-00
ICN-B6865-S3000L0125-001-01
Fig 12 Example of nested product variants and their nested breakdowns
Note

Nested product variants are not the same concept as a system of systems. A system of
systems defines the aggregation of independent Products that, if considered together,
provide an overall operator capability (refer to Para 2.3).

Product structures from Product design and development

Product structures coming from product design and development are one of the most important
inputs for LSA activities. Design Product structures can come in many different forms and
formats, including 3D model representations. This is one of the reasons why S3000L has a
highly flexible data model, which can represent many Product structure philosophies using
breakdowns and parts lists.

Product design and development activities will often generate more than one Product structure.
Typically, there will be at least one system-oriented breakdown and one physical product
structure. The representation of a system-oriented breakdown is often a hybrid breakdown
which consists of both pure system elements both often refers to physical elements as its leaf
elements.

The representation of the physical Product structure can vary depending on the Computer-

Aided Design (CAD) tool and/or the Product Data Management (PDM) system being used.

There can also be functional or zonal breakdowns. It is necessary to determine the relevant
Product structures for the LSA activities as early in the program as possible.

In most cases, design Product structure(s) will change over time, often as a result of continuous
Product improvement and/or new Product requirements. It is important that LSA activities track
and react to these changes.

Applicable to: All

DMC-S3000L-A-04-00-0000-00A-040A-A_003-00_EN-US.docx

S3000L-A-04-00-0000-00A-040A-A
Chap 4
2021-04-30 Page 20



S3000L-B6865-03000-00

The frequency and extent of Product design changes often depends on the maturity of the
Product. The earlier the LSA activities are initiated during Product design and development, the
more changes LSA activities must be able to manage (refer to Para 6).

It is important that LSA can establish an unambiguous traceability between the design Product
structure(s) and the Product structure(s) used as the basis for the LSA activities. The ideal
situation is that both Product design and LSA could work against one and the same set of
Product structures.

In the case the definition and management of the Product structures for LSA occur in a different
environment than Product design and development, it is recommended to start LSA activities by
establishing the Product structure that reflects the design Product structure, and keep them
separated from the Product structures used for LSA. It will then be easier to identify changes
introduced into the Product design in order to analyze their impact on LSA.

Note
S3000L dictates that there must be as least one defined product variant for each Product. It
is necessary to take this aspect into consideration also when documenting the design
product structure.

Para 3.2 and Para 3.3 describe the means of establishing a design product structures.

5 Product structures for support
5.1 Introduction

Early on in the program (refer to Para 4), it is necessary to determine whether the design

Product structure(s) can also be used for LSA, or if there is a need to define new Product

structure(s) for LSA.

Either way, there is a set of requirements to consider when defining Product structure(s) that

support LSA activities. These are, for example:

— define breakdown elements, which represent families (collections) of parts such as wires,
composites, tubes, etc. These are often needed to identify general repair procedures.

— assign operational tasks, as well as functional tests, to relevant levels of
systems/subsystems and/or functions/sub-functions

— define breakdown elements for all LSA candidates that will be maintained and/or be
replaced on Product, including “LRU in LRU” (LRU = Line Replaceable Unit)

— define zonal location and access points for installation locations

— assign supportability-oriented identifications (refer to Para 5.2.9)

The Product structure(s) defined to support the LSA process and the relevant analysis activities

have the following objectives:

— (give a clear understanding of how the Product is structured with respect to systems,
subsystems, functions, hardware and software. This also applies to enabling peripheral
equipment that can be included in the LSA process (eg, complex training equipment and
support equipment).

— give a clear relationship between the included hardware elements and their possible
realizations in terms of manufactured hardware parts

— (give a clear relationship between the included software elements and their possible
realizations in terms of actual software releases (software parts)

— enable the allocation of supportability-oriented identifiers

— enable an appropriate level of detail for the selection of LSA candidates

— identify product variants and allowed product configurations

— support configuration management activities with respect to how a specific revision of the
Product breakdown relates to the revisions of the corresponding LSA results. It must
support configuration control of source data on which the LSA results are based, including
documents, design information and Product usage data.

Applicable to: All S3000L-A-04-00-0000-00A-040A-A
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5.2

5.2.1

There is often a need to define a set of breakdown structures for the Product, each serving a
specific purpose. Many projects will have a design breakdown structure for the Product being
defined in a PDM system. The same Product often also has an LSA breakdown, as well as a
separate breakdown structure for recording operational and maintenance data feedback.
Having different breakdowns for different purposes requires a controlled process to ensure
consistency between the different disciplines.

Since the breakdowns and principles depend on the Product or project, S3000L does not dictate
any specific approach.

Breakdown structure for support
When defining breakdown structures for support, it is necessary to identify:

— Products and product variants in scope for the support program

—  Product breakdown structures defined during Product design and development, which can
be used as sources for defining the Product breakdown for support

— the way to relate/associate Product breakdown structures for support with Product
breakdown structures coming from Product design and development (eg, are they defined
as extensions or as additional breakdown structures?)

— the types of Product breakdown structures required to support the support analysis activities
and the recording of required outcomes from the support analysis activities

— the level of detail of the respective breakdown structure (eg, should a specific breakdown
structure include subsystems, LRU, components)

Note
Breakdown structures often contain a mixture of breakdown element types such as system
elements, physical elements and even zonal elements (also referred to as hybrid
breakdown structures). Regardless of the types of breakdown elements included, it is
important to define the purpose for the breakdown using its breakdown type attribute.

Product and product variant

It is necessary to identify all Products and product variants that the LSA analysis activities must
cover. This also includes possible sub-products, which are integrated into the Product or are
part of a system of systems platform.

Example
Examples of sub-products which are integrated within an overall Product are:

e engine on an aircraft
e mission kit on a combat vehicle

Example
An example of Products, which are part of an overall system of systems platform, is an
unmanned aircraft together with its ground station, Ground Support Equipment (GSE) and
training simulator.

Each Product can have its own Product structure that is a uniqgue combination of systems,
subsystems, component parts/materials and software. Refer to Para 5.2.2.

It is advisable to identify and name Products and product variants early in the program, and this
process must preferably involve Product design and development and other IPS disciplines.

Note
A Product is referred to as an End Item Acronym Code (EIAC) in GEIA-0007, and a product
variant is typically referenced by a Usable On Code (UOC).

Applicable to: All S3000L-A-04-00-0000-00A-040A-A
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ICN-B6865-S3000L0126-001-01
Fig 13 Example of a Product and its product variants

Fig 13 uses the colored markings in each defined breakdown element to identify the usable on
product variant effectivity. For example, the breakdown element for "Openings" is effective for
all three product variants, while the breakdown element for "Officer desk" is only effective for the
command vehicle product variant.

5.2.2 System/functional breakdown structure
The terms system and functional breakdown are often used as synonyms to refer to a
partitioning of a Product into a set of systems and subsystems from an engineering point of
view.

The term system breakdown only indicates this type of breakdown structure. On the other hand,
the term functional breakdown refers to the partitioning of functions typically provided by the
Product from a user/operator point of view, such as taxing, take off, flying or landing for an
aircraft. Each function requires one or many systems to realize the function in the same way, as
one system can support one or many functions.

Note
A functional breakdown structure can also reflect Product functions (capabilities) as
acceleration, speed control, etc.

A system breakdown will normally have a set of hardware and/or software elements as its leaf
nodes (eg, the lowest level of the breakdown structure). Given a defined maintenance concept,
it is recommended that the system breakdown required for support analysis activities be

Applicable to: All S3000L-A-04-00-0000-00A-040A-A
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stopped at the level where equipment (assembly parts) will be replaced/repaired directly on the
Product. A system breakdown for support analysis should include nested hardware and/or
software elements where it is possible to perform maintenance or operational tasks on
serialized parts within the equipment when installed on the Product. The rationale for this is to
be able to define and describe tasks to be performed on Product as opposed to tasks to be
performed on bench. Fig 14 provides a simple system breakdown example.

A system breakdown is often the basis for defining and documenting LSA analysis activities and
the resulting task requirements from the perspective of the Product.

Note
It is also possible to associate LSA analysis activities and task requirements with part
definitions (refer to Chap 12).

Note
Although S3000L does not prevent users from defining breakdown elements all the way
down to individual piece parts, it is not the recommended practice.

Note
A recommended practice is to define unique hardware and software elements for each
installation location within a Product, even where there might be multiple elements that
share most of their characteristics (eg, left front wheel and right front wheel). However, this
is a decision that needs to be made for each individual program and/or Product. It is also
important to distinguish between the part and the usages of the part, where the usage of
parts is represented as breakdown elements (eg, a system breakdown structure).

Product Product Variant Breakdown
Armored » Armored reconnaissance >
vehicle vehicle breakdownType = System Breakdown
Breakdown Revision
BR=01
Aggregated Element
Armored reconnaissance vehicle
BEI=A1.RC
[ |
Aggregated Element Aggregated Element Aggregated Element
Reconnaissance System Observation System Defense System
BEI = A1.RC-10 BEI = A1.RC-02 BEI = A1.RC-04
Aggregated Element Hardware Element Hardware Element
Cameras Driver periscope Heavy machine gun
BEI = A1.RC-10-10 BEI = A1.RC-02-10 BEI = A1.RC-04-10
Aggregated Element Aggregated Element
Field sensors Side periscopes
BEI = A1.RC-10-20 BEI = A1.RC-02-20
|:| Breakdown
:l Breakdown Element
BR  Breakdown Revision
BEI Breakdown Element Identifier
ICN-B6865-S3000L0127-001-01
Fig 14 Example of simple system breakdown
Applicable to: All S3000L-A-04-00-0000-00A-040A-A

Chap 4

DMC-S3000L-A-04-00-0000-00A-040A-A_003-00_EN-US.docx 2021-04-30 Page 24



S3000L-B6865-03000-00

$3000

Product Product Variant
Armored » Armored reconnaissance
vehicle vehicle
Breakdown Breakdown
breakdownType = Functional Breakdown ) breakdownType = System Breakdown
v +
Breakdown Revision Breakdown Revision
BR=01 BR=02
Aggregated Element Aggregated Element
Armored reconnaissance vehicle Armored reconnaissance vehicle
BEI =F1 BEI = 51
Aggregated Element
Personnel Protection
BEI=F1-10
Aggregated Element Aggregated Element
Situational Awareness  [-------r------ » Observation System
BEI =F1-20 BEIl = 51-02

Aggregated Element
Combat support
BEI = F1-30

Aggregated Element
Mobility
BEI = F1-40

l:l Breakdown
|:| Breakdown Element

BR Breakdown Revision

o

Aggregated Element
Surveillance [~ ""-"-°-
BEI = F1-50

BEI Breakdown Element Identifier

Breakdown structure

----- > Breakdown Element relationship

ICN-B6865-S3000L0008-004-01
Fig 15 Example of a functional breakdown structure for a Product

Note
Fig 15 shows an example of a simple functional breakdown. The breakdown elements on
the left side of the figure represent the functional part, which is connected to a parallel
system breakdown via a breakdown element relationship. In this case the Observation
System S1-02 contributes to provide the two functions Situational Awareness F1-20 and
Surveillance F1-50.

5221 Family concepts in system breakdown structures
Similar items can be grouped together for analysis purposes. The family concept can minimize
the efforts and avoid the repetition of similar analysis activities. It is the most effective concept
for detail parts which share common maintenance/repair procedures.
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ICN-B6865-S3000L0013-003-01
Fig 16 Example of family groupings

Note
The example in Fig 16 defines the "Pipe" family elements at the "Cooling system" level. It is
also possible to define a family element at the Product level. For example, it is possible to
group all pipes used on the Product and belonging to a specific category, regardless of the
system and subsystem they belong to.

Depending on Product breakdown philosophies defined for an individual LSA project, it is
possible to include a family breakdown element either in a system breakdown or in a physical
breakdown. It is recommended that family breakdown elements be included in the system
breakdown, since task requirements are mostly assigned to breakdown elements in the system
breakdown rather than to breakdown elements in the physical breakdown. General repair
procedures (often referred to as standard repair procedures) are the typical task requirements
that can be assigned to family breakdown elements.

Examples of items which can be organized using the family concept:

— wiring of the same type (eg, standard copper, coaxial, fiber-optical)

— structural parts of the same type

— Parts of a similar type coming from one manufacturer. They can be grouped if the
maintenance of these parts is covered by a common maintenance concept supported by the
manufacturer itself (eg, with corresponding repair kits).

5.2.3 Physical breakdown structures
Physical breakdown structures can be used to define and represent, for example:
— data coming from drawings and CAD systems, including 3D models
— assembly definitions from the Product perspective
Applicable to: All S3000L-A-04-00-0000-00A-040A-A
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Note
A 3D model approach often results in a concept that identifies positions in the design space
using x, y and z-coordinates (sometimes referred to as instances). If there is a need to refer
to defined 3D instances as resources for a task, for example, it is possible to transform
those coordinates into a physical breakdown structure.

Note
Physical breakdown structures are also in the scope of S2000M provisioning projects and
S1000D illustrated parts data. Before defining physical breakdown structures for support
analysis activities, it is advisable to consider a joint effort covering all impacted S-Series
IPS specifications used in a project.

Physical breakdown structures can also be used to represent assembly relationships for major
equipment (eg, a personal survival kit fitted on the seat, refer to Fig 17). This is especially useful
where an equipment belonging to different systems has physical dependencies and it can be
important to document them as part of remove, install and disassembly tasks. This kind of
structure can also be an important input for fleet management and in-service product structures.

Product
Armored vehicle

Product Variant
Reconnaissance

Breakdown

breakdownType = Physical Breakdown

Hardware Element
Armored
reconnaissance vehicle

Hardware Element
Infantry seats
cluster 1 frame

Hardware Element Hardware Element Hardware Element Hardware Element
Infantry seat 1-1 Infantry seat 1-2 Infantry seat 1-3 Infantry seat 1-4

Hardware Element Hardware Element Hardware Element Hardware Element
Personnel survival Personnel survival Personnel survival Personnel survival
kit 1-1 Kit 1-2 kit 1-3 kit 1-4

ICN-B6865-S3000L0009-003-01
Fig 17 Example of a physical breakdown structure for a Product

In the context of LSA, it is recommended that physical breakdown structures include only
physical (hardware) elements down to the level of parts affected by the maintenance tasks at
Product level. If possible, these structures must also include attachment parts. The physical
breakdown for the overall Product must not include parts which will only be affected by
maintenance tasks when removed from the Product (eg, on bench). These parts are just
defined in the context of part lists (refer to Para 3.3).

A physical breakdown structure typically starts at Product level, and there are different ways to
organize it considering different aspects, for example:

Applicable to: All S3000L-A-04-00-0000-00A-040A-A
Chap 4

DMC-S3000L-A-04-00-0000-00A-040A-A_003-00_EN-US.docx 2021-04-30 Page 27



S3000L-B6865-03000-00

Product sections (eg, front, middle and aft fuselage)
Product bays (areas) which organize the physical breakdown in accordance with, for
example, access points and installation locations
major systems
Access-oriented structures. The access points are defined on the first indenture level, and

followed by the installation locations which can be directly accessed. In case of removal of

the respective equipment at a given installation location, this will be listed as a child element
underneath that installation location.

equipment assembly dependencies seen from installation locations, for example:

Ejection seat assembly is mounted onto the aircraft fuselage

Seat is mounted on

Beacon and personal survival pack is mounted on the seat

the ejection seat assembly

It is also possible to combine a physical breakdown structure with zonal breakdown elements to
identify its physical location (eg, product section, bay).

Note
It is important to understand the difference between a hardware element and a part. A
hardware element represents the usage of a part in the context of an overall Product, but it
does not represent the part in itself (refer to Para 3.2.1).

Product
Armored
vehicle

Product Variant

Armored
reconnaissance vehicle

Breakdown
—»

breakdownType = Physical Breakdown

|

Hardware Element
Armored reconnaissance
vehicle

Hardware Element
Auxiliary tank left

Quantity =1

Hardware Element

Hardware Element
Fuel tank left Fuel tank right
Quantity =1 Quantity =1

Hardware Element
Auxiliary tank right
Quantity =1

Aux. tank
assembly A

Fuel tank
assembly

Parts list
Support parts list

Aux. tank
assembly B

Cover for
tank

Blanking
plug

ICN-B6865-S3000L0010-004-01
Fig 18 Breakdown example, all hardware elements with their own representation

In general, the installation location is the primary information within a physical breakdown
structure. It is then necessary to define the physical breakdown structure to represent each
installation location by individual breakdown elements. The example in Fig 18 illustrates the

Applicable to: All

S3000L-A-04-00-0000-00A-040A-A

DMC-S3000L-A-04-00-0000-00A-040A-A_003-00_EN-US.docx

Chap 4
2021-04-30 Page 28



S3000L-B6865-03000-00

$3000,

situation where two identical fuel tanks are installed on the Product, and each tank is defined as
a separate hardware element.

However, it is also possible to define identical physical elements as one single breakdown
element with quantity information (refer to Fig 19). In the example below, there are two identical
fuel tanks installed within the Product. In some cases, it can be sufficient to have only one
breakdown element representing a set of similar/equivalent capabilities.

Product Product Variant Breakdown
Armored > Armored ™ -
vehicle reconnaissance vehicle RleatienlypaiiveicalBgiony

|

Hardware Element
Armored reconnaissance

vehicle
Hardware Element Hardware Element Hardware Element
Auxiliary tank left Fuel tanks Auxiliary tank right
Quantity =1 Quantity =2 Quantity =1

Aux. tank
assembly B

Fuel tank
assembly

Aux. tank
assembly A

Parts list
Support parts list

Blanking
plug

ICN-B6865-S3000L0011-003-01
Fig 19 Breakdown example, grouping of hardware elements into one single representation

Cover for
tank

It is recommended to stop the definition of a physical breakdown structure at the level where
parts will not be defined as either:

— the target for a task/subtask
— required resources for any on-product maintenance tasks

The physical breakdown structure should focus on defining breakdown elements for:

— the LRU, including LRU in LRU (at any indenture level)
— attaching parts
— parts that need to be removed in order to gain access

The rationale for this is that there is no need to define breakdown elements for parts that are
just needed for maintenance tasks on bench, since they are already defined as part of the part
list for the assembly. The location of the assembly installation has no relevance for the tasks on
bench or for the resources needed. For more information on how to determine whether tasks
must be associated with breakdown elements or with parts, refer to Chap 12.
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Zonal breakdown structures

The easiest form of zonal breakdown structures is just a list of all zones defined for the Product
(or for the defined product variant), without any hierarchical structure. The required depth and
structure of a zonal breakdown established in an LSA can be different from those established
for design or production purposes. Nevertheless, it is recommended to harmonize zonal
breakdown rules within a project. Typically, it is necessary to use zones as breakdown elements
to document maintenance activities related to the physical area represented by the zone
element (eg, scheduled zonal inspection). Refer to Fig 20.

It is possible to use zones to define the zonal location for hardware elements by establishing
relationships between the respective hardware element and its associated zone element.

Among other things, zonal breakdown structures can also be used to determine:

— work areas within a ship
— dangerous zones
— radioactive zones

Product "
Product Variant
Armored > .
. Armored combat vehicle
vehicle

!

Breakdown

breakdownType =Zonal Breakdown

Aggregated Element
Armored combat vehicle
BEIl = A1.RC-00-00-00

Zone Element
Left side section
BEI = A1-21-00-00

Zone Element
Right side section
BEI = A1-Z2-00-00

Zone Element
Wheel well 1L
BEI = A1-21-01-00

Zone Element
Wheel well 2L
BEI = A1-21-02-00

Zone Element
Wheel well 3L
BEI = A1-Z21-03-00

Zone Element
Wheel well 1R
BEI = A1-22-01-00

Zone Element
Wheel well 2R
BEI = A1-22-02-00

Zone Element
Wheel well 3R
BEI = A1-Z22-03-00

Zone Element
Front section
BEI = A1-Z23-00-00

Zone Element
Rear section
BEI = A1-Z4-00-00

Zone Element
Engine bay
BEI = A1-Z23-10-00

Zone Element
Underside section
BEI = A1-Z26-00-00

Zone Element
Overside section
BEI = A1-Z5-00-00

Zone Element
Interior
BEI = A1-Z7-00-00

Zone Element
Turret well
BEI = A1-Z5-10-00

ICN-B6865-S3000L0128-001-01
Fig 20 Example of a zonal breakdown structure for a Product
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5.2.6

Product
Armored
vehicle

Mixture of breakdown philosophies (hybrid breakdown structures)
In many cases, Product breakdown structures are a mixture of systems, functions, zones and/or
physical aspects, as shown in Fig 21. This type of breakdown is often referred to as hybrid

breakdown. For example, hybrid breakdowns subdivide:

Breakdown

breakdownType = Hybrid breakdown

Functional area of system
breakdown

Aggregated Element
(Product)
Armored vehicle

Aggregated Element
(System)

Fuel supply

Aggregated Element

Aggregated Element

Aggregated Element

Aggregated Element

part
Fuel tank
assembly

part

Fuel tank
assembly

(System) (System) (System) (System)
Fuel distribution Fuel injection Fuel storage Fuel control & indication
T T | T
I |
Aggregated Element Aggregated Element
(System) (System)
Internal storage tanks Auxiliary storage tanks
""""""""""""""" |r+ﬁ'ﬁ
Physical area of system
breakdown Hardware Element Hardware Element
Fuel tank left Fuel tank right

_____________________________________________________________________________

functions into systems and/or physical elements which support the respective function
systems into functions and or physical elements which realize the respective system

ICN-B6865-S3000L0012-004-01

Fig 21 Example of hybrid breakdown as a mixture of system and physical elements

Interrelating elements in different breakdown structures
If an LSA project requires multiple breakdown structures in order to document different aspects
of the Product(s) under analysis, then it is also necessary to determine whether there is an

interrelation between breakdown elements in the respective breakdown structure, and how the
elements interrelate.

For example, the interrelation of functional elements in a functional breakdown and elements in
a physical breakdown can be a good basis for troubleshooting analysis.

Based on a functional breakdown, troubleshooting must be able to identify potential failures that
led to the unavailability of certain functions. For this reason, the analyst must know which
hardware elements can be responsible for the missing function. For example, the function "fuel
distribution" can contain typical elements such as fuel pipes, but can also be dependent on
electric power supply elements. Therefore, even if the electric power supply is documented in
another area, it must be associated with the function "fuel distribution".
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5.2.9

5.29.1

There are two ways of interrelating elements in different breakdown structures:

— defining explicit relationships between breakdown elements (refer to Para 3.2.4)
— using the same breakdown element in multiple breakdowns (refer to Para 3.2.5)

Managing revisions of breakdown structures and its elements

In S3000L, breakdown revisions and breakdown element revisions manage the changes to
breakdowns and breakdown elements respectively. Revisions trace the development progress
(often referred to as development iterations). Refer to Para 3.2.2.

Note
Traditional LSA breakdown methodologies do not take into consideration revisions of
breakdowns and breakdown elements, which are being introduced in S3000L to improve
integration with Product design and other IPS disciplines.

Managing Product design configuration information

The need for managing Product design configuration information from an LSA perspective
mostly derives from the need to define the Product effectivity for different equipment at specific
installation locations within a Product or product variant (refer to Para 3.5.2). Product design
configurations are needed to distinguish between:

— similar equipment from different manufacturers (equal in form, fit, and function) which are
allowed in different contexts, for example based on customer preferences (eg, allowed in
different product variants)

— modified or upgraded equipment (equal in form, fit, but not necessarily in function) which
are allowed in different contexts (eg, serial number ranges for a given product variant)

Supportability-oriented breakdown element identifiers

A BEI uniquely identifies a specific breakdown element. It is possible to define breakdown
structures either using explicit parent-child relationships (PDM approach), or letting a
supportability-oriented BEI imply the position of a given breakdown element in the breakdown,
and how the breakdown element relates to breakdown elements at lower and/or higher
indenture levels (traditional LSA approach). Refer to Para 3.2.1.

Supportability-oriented breakdown element identifier syntax

For a traditional Product breakdown approach, the supportability-oriented BEI syntax defines
the relationship between the different breakdown indenture levels. It is necessary to define in
advance the number and the type of characters assigned to each indenture level.

If the supportability-oriented BEI syntax must also be the basis for defining and managing
breakdown structures, it is necessary to define it as early as possible, ensuring that the syntax
is appropriate throughout the Product life cycle. In order to use supportability-oriented BEI as
the basis for breakdown structure organization, it is necessary to ensure that the BEI syntax is
capable, consistent, and broad enough to address the entire project structure, and to deal with
all changes that take place, especially in the early development phases.

Note
For projects using the traditional LSA Product breakdown approach, any change to the
supportability-related BEI syntax can cause extended rework within different LSA IT
systems and associated IPS disciplines. For example, there can be a risk that an indenture
level requires more digits than originally planned for, or that it is necessary to reorganize
supportability-related BEI due to changes in the breakdown structures.

For breakdown structures using a PDM approach (eg, using explicit parent-child relationships),
defining a specific supportability-oriented BEI structure is not required, but it can be assigned
when the Product breakdown stabilizes, and subsequent changes will not impact the breakdown
elements, nor the associated BEI. Refer to Fig 22.
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Fig 22 Supportability oriented BEI

Alternate breakdown element

Projects using traditional LSA Product breakdown approaches will meet the requirement to be
able to define alternate breakdown elements like the former usage of ALC from GEIA-STD-0007
or disassembly code variant as defined in S1000D.

Since breakdowns in GEIA-STD-0007 require one breakdown element per combination of
function being performed and part that can realize the function there is a need to introduce so
called alternate breakdown elements (LCN/ALC in GEIA-STD-0007). An alternate breakdown
element within GEIA-STD-0007 uses the same LCN, but different ALC to document alternate
breakdown element realizations. The same LCN indicates that the alternate breakdown element
occupies the same installation location in the Product breakdown.

S3000L does not have an explicit concept for dealing with traditional alternate breakdown
elements but supports the requirement in a different way, primarily by allowing for hardware and
software elements to have multiple part realizations and to allow for usable on statements to be
defined for individual breakdown element realizations and not just for breakdown elements
(refer to Para 5.2.8). An explicit breakdown element relationship which identifies the alternate
aspect can also be defined.

Note
If legacy LSA programs using MIL-STD 1388-2B or GEIA-STD-0007 is migrated into
S3000L then the LCN and the ALC must both be concatenated into one single BEI in
S3000L. Also, LCN type and EIAC could be included in the concatenated BEI in order to
uniguely identify its origin.

Identification of enabling Products
Besides the Product that is the primary subject of the LSA project, LSA activities can also be
required for enabling Products such as:
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5.2.10
5.2.10.1

— support equipment (eg, test equipment, working platforms)
— training equipment (eg, simulators, training rigs)

Those enabling Products must also be part of a breakdown structure from a system of systems
perspective.

It is possible to define breakdown structures for enabling Products as separate breakdown
structures per enabling Product, where the respective enabling Product is managed as a
Product in its own right. They can also be included as breakdown elements in the breakdown for
the primary Product.

If enabling Products are managed as a Product in its own right, they can have supportability-
oriented BEI, which are totally independent from the supportability-oriented BEI defined for the
primary Product.

Integration requirements

It must be ensured that each supportability discipline, both on customer and contractor side,
identify and reference each breakdown element unambiguously. It is necessary to determine on
a project-by-project basis whether this is accomplished using supportability-oriented BEI or by
some other BEI.

Hardware and software element characterization

Hardware element replaceability and reparability

It is possible to classify hardware elements based on the aspects of replaceability and
reparability. These classifications are an important input to determine the support concept for
the respective breakdown element (eg, by Level of Repair Analysis (LORA), refer to Chap 11).
Reparability and replaceability classifications include discard information, as well as accessibility
information. Table 2 and Table 3 define a number of general terms which can serve as a
guideline to create the corresponding classifications within a project.

Note
During the LSA Guidance Conference (LSA GC), it is recommended to define a common
understanding of typical terms to be used as part of LSA (refer to Chap 3).

Table 2 Aspect of replaceability

Terminology Description

Directly replaceable Item that is directly replaceable at the Product level.

Not directly Item that is not directly replaceable at the Product level (installed in a

replaceable parent assembly/equipment). Before replacement, it is necessary to
remove the parent assembly/equipment. For example, it is possible to
replace the compressor of an engine only after the engine removal.

Non replaceable Item that is intrinsically tied to another and it is not possible to replace it
separately.

Table 3 Aspects of reparability

Terminology Description

Always repairable  Item that always can be restored to a functional state.

Not always Item that can be restored to a functional state depending on the failure.
repairable

Non repairable Item that is not repairable.
(discard part)
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Normally, the reparability information is related to a part and will be documented against the
part. It is possible to define reparability against the hardware element in the early phases of an
LSA program when the exact part realizations are not yet determined.

5.2.10.2 Software element type
It is possible to classify software elements based on their installation and execution in relation to
the Product. This classification is an important input to determine the support concept for the
respective software element.
Table 4 includes the definition of some general terms which serve as a guideline for software
classification within a project.
Table 4 Aspects of software installation and execution
Terminology Description
Loadable Software or data that can be loaded on the Product without removal of
the target hardware from the aircraft.
Embedded Software written to control machines or devices that are not typically
conceived as computers.
Distributed Software that runs on multiple computers within a network at the same
time and can be stored on servers or with cloud computing.
6 Change management in LSA
6.1 Introduction
Change management is the process that controls the identification and implementation of
required changes within a Product.
Change management from the LSA perspective describes:
— the types of changes that affect previous LSA decisions and analysis results
— how S3000L supports the change management process
— the possible impact of a change on LSA, and how to implement changes
Changes can either be changes identified upstream as part of product design and development,
or changes that only have an impact on the support solution, not on product design. Each
change can then have an impact on other IPS elements such as provisioning, training and/or
technical publications. Therefore, change management must include all engineering disciplines
rather than focusing on a single discipline.
6.2 Reason for change
6.2.1 Design change
The introduction of changes to the Product design can occur for several reasons including, but
not limited to:
— new or revised capabilities, including revised customer requirements
— new or improved hardware
— new technologies, including new test capabilities
— hardware and software obsolescence issues
Regardless of the type and rationale for the change, it is always necessary to evaluate the
change from an LSA point of view. There are also many cases where design changes will not
impact the LSA.
Applicable to: All S3000L-A-04-00-0000-00A-040A-A
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6.2.2

6.2.3

6.2.4

6.3

Design concessions and waivers

If the existing and approved Product configurations do not comply with the defined
requirements, there can be a concession. A concession is granted before the execution of a
contract and is an authorization to depart from a particular performance of the contract,
specification or reference document.

A waiver is another type of deviation from the defined requirements. A waiver is granted after
the execution of a contract, and is an authorization to depart from a particular performance of
the contract, specification or reference document.

Both concessions and waivers restrict the specified capabilities of the Product, and often result
in restrictions on the Product usage. They can also result in additional or different maintenance
tasks (eg, additional and/or more frequent inspections, or reduced authorized life for hardware).
Waivers often result in unplanned design changes, while concessions are known and managed
as part of the design, as well as during LSA performance.

It is necessary to incorporate into the LSA the waivers which require changes in the support
solution, and the resulting changes must refer to change authorizations defined for the waiver.

Changes in the support concept and support solution due to waivers will often be removed once
a redesign resolves the reason for the waiver, or when additional investigations show otherwise.

Note
Waivers and their associated changes in the support solution are often communicated as
Service Bulletins (SB) to customers and operators.

Preventive maintenance change

Changes in the preventive maintenance defined for the Product (refer to S4000P) can also
impact the LSA. By means of an example, the reasons for changes in preventive maintenance
can be:

— new built-in test capabilities
— In-Service Maintenance Optimization (ISMO), refer to S4000P

LSA change
LSA change refers to changes which only affect existing results from the LSA activities. This
means that there is no change to the Product design itself. For example, LSA changes refer to:

— new/revised requirements for the support concept and/or the support solution

— new/revised regulations that affect the defined support resources

— improvements in the support analysis results based on in-service feedback (refer to
Chap 17)

— supplier changes which affect the defined support resources

— new technology which changes the way work can be performed

Managing changes

The scope of S3000L does not include the definition and description of change management
performance. However, it is important to include LSA in the change management process to
identify the impact on LSA analysis results, and to ensure there is always a Product support

solution which meets the requirements in terms of availability and cost.

It is also important that any change introduced to the LSA results refers to a justification for the
change. In most cases, it will be a reference to a change authorization (change order/request).
Depending on the scope of the change, it is possible to introduce change authorizations either
by design or by LSA.

It is possible to track the impact of a change in the LSA analysis results, including changes in
the Product structure for support, using the revision capabilities associated with, for example:
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Chap 4

DMC-S3000L-A-04-00-0000-00A-040A-A_003-00_EN-US.docx 2021-04-30 Page 36



S3000L-B6865-03000-00

0007

— breakdown revision

— breakdown element revision
—  parts list revision

— analysis activity revision

— task requirement revision

— task revision

Objects with explicit revisions are often associated with status information (eg, in-work,
released, approved).

It can be necessary to maintain multiple in-service Product configurations or tasks, for example,
because they need to exist simultaneously as the result of a change. If this is the case, it is
recommended that new objects rather than new revisions be defined. For example, it is
recommended to define an additional task, and distinguish the use of the respective task with
an explicit applicability statement. It is possible to use applicability statements to define, for
example, that task A is applicable to product variant A, while task B is applicable to product
variant B.

Note
In the information structure for S3000L, it is possible to define applicability statements at
many different levels (refer to Chap 19). The definition of the methods to use applicability
statements and revisions must occur as early as possible in the IPS program.

A new revision must override (replace) previous revisions by default. However, it is
recommended to keep all revisions and not overwrite them with the latest version (data
repository approach).

6.4 Implementation of changes in LSA

6.4.1 Impact of changes to the LSA
For proper change management, it is necessary to correctly evaluate all impacts that changes
can introduce into LSA based on the respective LSA activity to be iterated/re-evaluated. At the
end, each change can have an impact on:

— the overall support concept, including which tasks are needed (task requirements) and
where they must be performed

— how tasks must be performed (steps)

— the resources required when performing a task in terms of material (spares, consumables
and support equipment), personnel and infrastructure

6.4.2 Traceability between the source of changes and consequential LSA changes
It is necessary to ensure traceability between the source change and LSA changes.

However, the scope of S3000L does not include a detailed method on the performance of
change management.

6.4.3 Change process
Once it is confirmed that a change has an impact on the existing LSA results, it is necessary to
perform consequential activities to ensure:

— the correct identification of the impact on LSA

— the identification, assignment and timely planning of the different jobs to implement the
necessary changes, and the identification of the necessary resources to implement the
change

— the status of the jobs performed by LSA can be known and can be fed back to the overall
change management process

It is necessary to record any change which does not affect LSA needs and provide a
justification. This shows that the entire change has undergone analysis, and it guarantees the
traceability of changes.
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6.4.4

6.5

LSA update
Update to the LSA results due to a defined change means that any change in the resulting LSA
data must refer back to the change authorization.

The process of introducing a change to the LSA must follow the same principles as defined for
the respective LSA activity described in chapter 5 to chapter 16. Para 3 illustrates how to
manage changes that affect the Product structure.

Chap 20 describes how S3000L can be used to update messages to exchange the result of an
LSA update due to change.

Introducing design changes

The incorporation of design changes (modifications) into a Product in service usually requires
maintenance instructions specific for the activity. Those tasks are often included in service
bulletins sent to customers and operators. However, it is necessary to analyze and document
those tasks in the same way as any other task requirement (eg, documented as part of the
LSA).

Design change task requirements should therefore be defined and documented in accordance
with Chap 12. The trigger (event driven time limit) for such task requirement/task would be the
change authorization (refer to Chap 19, UoF Time Limit).

Associated parts of the S3000L data model

The documentation of the associated data to this chapter is supported by the following UoF,
refer to Chap 19:

— S3000L UoF Product and Project

— S3000L UoF Breakdown Structure

— S3000L UoF Part Definition

— S3000L UoF Hardware Element

— S3000L UoF Software Element

— S3000L UoF Zone Element

— S3000L UoF Aggregated Element

— S3000L UoF Product Design Configuration
— S3000L UoF Change Information

Applicable to: All S3000L-A-04-00-0000-00A-040A-A
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Chapter 5

Influence on design
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1 General
1.1 Introduction

Influence on the Product design (hardware or software) is one of the main objectives for staff
involved in supportability engineering and in the LSA process. Therefore, the Product design
program must consider results of the LSA program from a supportability perspective.

1.2 Purpose
The objectives of LSA are:

— influencing Product design
— developing the most effective support solution
— defining support resource requirements

This chapter is in direct relation with the iterative work needed for developing an effective
support solution, and definition of support resource requirements.

General objectives for the Product must be translated into more specific requirements for each
project. The key to a productive LSA and the ability to develop a cost-effective Product support
is to concentrate available resources on activities that are mostly beneficial to the project. This
is defined and tailored in an analysis strategy. It is necessary to consider the type and scope of
the development project when choosing an analysis strategy. Influence on Product design can
also vary due to previous design decisions and the life cycle phase.

The opportunity for influencing design in order to fulfill supportability requirements and reduce
Life Cycle Costs (LCC) is at its highest in the beginning of a project, during the conceptual
phases (refer to Fig 1). Influencing design as early as possible can reduce or eliminate the need
for later changes in design (eg, need for redesign) to make the Product fit for operation and
support. Supportability requirements are considered useful for designing a new Product with
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respect to total system availability and cost effectiveness. The purpose is to influence the
design with supportability requirements in a similar way as the primary Product design and its
requirements influence the support system design. Reviews and baselines produce these
results within a project.

Commitment of life-cycle cost

Opportunity for life-cycle cost savings
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Fig 1 Opportunity to influence design and support cost during a Product life cycle

Integrated design teams, Product design and requirements benefit both the Product and the
customer. LSA must be considered as an integral part of systems engineering.

Product design influences the logistics footprint, the physical size and distribution of support
resources within the supporting logistics system. A structured iterative, interactive closed loop is
necessary between design disciplines and LSA disciplines.

1.3 Scope
This chapter describes:
— design parameters to be influenced by LSA and vice versa
— how to make a strategy for LSA to influence Product design
— the perspectives of supplier and vendors
— reviews of milestones
— the benefits of LSA influence on Product design
The approach to influence the design with the parameters of supportability is applicable on
systems and subsystems within the Product, as well as on the design and development of
support systems.
2 Design considerations
Many considerations can influence the design of a system/subsystem or equipment to make the
complete Product more efficient and cost effective. Such considerations are:
— Availability. Refer to Para 2.1.
— Reliability. Refer to Para 2.2.
Applicable to: All S3000L-A-05-00-0000-00A-040A-A
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— Maintainability. Refer to Para 2.3.

— Testability. Refer to Para 2.4.

— Prognostics. Refer to Para 2.5.

— Standardization. Refer to Para 2.6.

— Interchangeability. Refer to Para 2.7.

— Environmental considerations. Refer to Para 2.8.
— Human factors/ergonomics. Refer to Para 2.9.
— Obsolescence. Refer to Para 2.10.

— Supportability. Refer to Para 2.11.

— Cost effectiveness. Refer to Para 2.12.

— Software design. Refer to Para 2.13.

2.1 Availability

Availability is the measure of the degree to which an item is in an operable and ready-for-use
state at the start of a mission or operation when the mission or operation is called for at an
unknown time. This can also be referred to as "operational readiness".
Reliability, maintainability, and supportability characteristics contribute to the availability of the
Product. Refer to Fig 2.
The inherent availability of a Product depends on its reliability and maintainability
characteristics. It is the probability that a system will operate at any point in time when used
under stated conditions in an ideal support environment (eg, no lack of support resources). It
excludes preventive maintenance, delay times and is expressed as:

A - MTBF

MTBF + MTTR
Where:
— Ajis the inherent availability
— MTBF is the mean time between failure
— MTTR is the mean time to repair
Achieved availability is similar to inherent availability, with the exception that preventive
maintenance is included. It is expressed as:
A = MTBM
MTBM +M

Where:
— Aais the achieved availability
— MTBM is the mean time between maintenance
— M is the mean time for active maintenance activities
Operational availability is achieved by combining the Product and its support system. It is
described as the probability that a Product will operate sufficiently when called for, provided it is
used under stated conditions in an actual support environment. It is expressed as:

A - MTBM

MTBM + MDT
Where:
— Ao is the operational availability
— MTBM is the mean time between maintenance
Applicable to: All S3000L-A-05-00-0000-00A-040A-A
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— MDT is the mean maintenance down time 1

Defining the requirements for both the Product and the support system effectively achieves
Product availability by fulfilling these requirements through adequate maintenance activities.

Availability

Reliability Maintainability Supportability

Primary product / system Support system

ICN-B6865-S3000L0078-001-01
Fig 2 Breakdown of availability as an approach to structure design influence

2.2 Reliability
Reliability is a prime driver of support resources. It indicates how long and how likely the
Product will perform under stated conditions without any failure, or the probability that an item
can perform its intended function for a specified period of time under stated conditions.

Products with high reliability are usually cost effective in terms of support. In case it is not
possible to obtain a high level of reliability, the design of the Product must compensate this
issue by providing easy failure location and easy performance of maintenance activities. To
some extent, it is possible to compensate low reliability with increased maintainability and
supportability in order to ensure continuing availability.

2.3 Maintainability
Maintainability measures the ability of an item to be held or restored to a specific condition,
when qualified personnel perform maintenance, using recommended procedures and
resources, at each recommended level of maintenance and repair.

Characteristics of maintainability are, for example:

— the time needed to replace an equipment or part in a system

— the repair of equipment in order to restore or maintain its functionality
— the amount and complexity of support resources that are required

— the required level of competence for personnel performing the activities

Product design can include various degrees of protection against environmental conditions,
depending on different degrees of harshness. For example, the design can be specific to
withstand an operational and maintenance environment in airports/airbases, loading/unloading
with support equipment in sandstorm, hail or salt-laden environments. Refer to Chap 8.

Refer to Chap 13 for maintainability aspects for software, such as software loading.

1 Availability definitions from Benjamin S Blanchard, Logistics Engineering
and Management, 6™ edition, Prentice-Hall, Inc., Englewood Cliffs, New
Jersey 07632

Applicable to: All S3000L-A-05-00-0000-00A-040A-A
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2.5

2.6

Testability

Testability is a design characteristic, which identifies and establishes the status of an item
(operable, inoperable, or degraded) and the location of any faults/failures within the item in an
effective and timely manner.

It is possible to achieve a design solution to fulfill testability requirements by means of a test
system integrated into the Product (eg, Built-In Test (BIT)), or by a test system as a part of the
support resources requiring an interface to the Product to locate failures. Carefully designed test
systems reduce the effort to detect, localize and correct failures/faults, reduce the number of
No-Fault-Founds (NFF) and can also be used to verify full system functionality.

Redesign driven by testability requirements is a highly complex activity. It is fundamental to add
milestones in the design program to allow for necessary iterations. Testability requirements can
also be driven by the results of failure mode analysis. Refer to Chap 7.

Prognostics

Product parameters and data can be used in models to predict the need for maintenance or
repair. The functionality of maintenance or repair prediction can either be part of the Product or
the support system.

The benefits of prognostics include a deeper knowledge of Product’s "health” status, which can
help avoid critical failures and plan for maintenance activities to ensure system functionality.

In systems that do not have a means of prognostics, preventive maintenance is used to prolong
the system lifetime and safety, and is balanced against the corrective maintenance activities
and resources.

Standardization

Using standard equipment instead of special equipment often proves to be more cost effective.
Development/design cost and time is reduced when using an existing part or system that fulfils
the requirements.

Using standardized equipment provides for the use of existing support resources that fulfill the
requirement, thus reducing the need for investments in design and acquisition of support
resources. It is necessary to carefully consider design choices that require specially developed
support equipment, since such equipment increases costs.

Other positive effects include an increased maturity and knowledge of the Product/system and
an increased operational unit mobility, by keeping a small logistics footprint.

Factors that support the potential benefits of using standard equipment or Commercial off The
Shelf (COTS) include:

— the use of existing equipment avoids the development costs for new support resources

— avoiding costs for the development of new training programs

— using common support resources to increase the availability of support resources and
reduce the logistics footprint

— using standardized equipment to reduce the time required to determine and develop
support resource requirements

— using support and test equipment to increase personnel proficiency when personnel use the
same equipment more often instead of having to learn to use different equipment

Standardization also improves the interchangeability characteristics of the Product.

Software design can also be influenced by standardization requirements concerning, for
example, programming languages, information structures or software, and information carrying
media.

Applicable to: All S3000L-A-05-00-0000-00A-040A-A

Chap 5

DMC-S3000L-A-05-00-0000-00A-040A-A_003-00_EN-US.docx 2021-04-30 Page 6



S3000L-B6865-03000-00

Sq007 © 2

Before starting the design effort, it is necessary to establish requirements on standardization to
achieve the benefits and minimize the cost of designing or redesigning to meet requirements.

2.7 Interchangeability
A Product design that enables interchangeability of equipment, components and parts within or
between Products is recommended, where applicable. This provides for increased flexibility of
usage of the equipment and a reduction of spare stock levels.

Before starting the design effort, it is necessary to establish requirements on interchangeability
to achieve the benefits and minimize the cost of designing or redesigning to meet requirements.

2.8 Environmental considerations
Available information on the operational and maintenance environment can influence the choice
of equipment and design solutions. Temperatures, humidity, sandy and salty environments are
some of the parameters that influence operation and maintenance.

Ensuring the Product fulfils requirements in-between operation during transportation,
assembly/disassembly, and storage is also useful to increase the robustness of the Product.

Chemicals/materials needed for maintenance, operation and disposal are also important from
an environmental perspective. Including hazardous materials, hazardous waste and
environmental pollutants has an impact on the Life Cycle Cost (LCC), as well as on the safety of
personnel in contact with the Product. Refer to Chap 16.

2.9 Human factors/ergonomics
It is necessary to identify Product requirements related to human factors and ergonomics.
Product design must consider accessibility for operators and maintainers. Activities performed
during operation and maintenance, which include human factors must be considered as well.
Handling qualities, for example, parameters such as weight and size are relevant to support
resources to be able to perform activities physically.

Design tools can be used for early analysis of the accessibility for human and definition of
assembly/disassembly activities in virtual models.

Chemicals/materials included in the Product or needed for maintenance, operation and disposal
are also important from the point of view of human factors. In fact, including hazardous
materials and environmental pollutants have an impact on the safety of the personnel and the
need for support resources.

Product interface requirements, such as access panels for maintenance personnel, and
operator stations requirements are a shared interest between LSA and Product design. Refer to

Chap 6.

2.10 Obsolescence
Depending on the expected operational life of the Product, it is recommended that the possible
obsolescence situation during the design phase be considered. In case obsolescence occurs,
specific actions will be necessary to ensure continuous functionality. Typical actions include
redesign/modification, purchasing activities during Product lifetime, scrapping of a system and
replacement with a new system. When designing or choosing systems or subsystems during the
Product design phase, it is useful to keep in mind the future replacement of an item due to
obsolescence. Refer to Chap 15.

2.11 Supportability
Supportability is the measure of the degree to which all resources required to operate and
maintain the Product are designed properly and available in sufficient quantity. Supportability
encompasses all IPS elements, such as technical information, support equipment, spares and
personnel.

Applicable to: All S3000L-A-05-00-0000-00A-040A-A
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2.12

2.13

3.1

Careful system design that considers maintainability and reliability helps reduce the amount of
resources required for Product support. It is also possible to reduce Product downtime (eg,
active maintenance time), logistics delay times, and administrative delay times. A Product that
requires many support resources has a higher risk of shortage of support resources, waiting
time or queuing for resources. MTA defines the resource needs. Refer to Chap 12.

LORA defines the characteristics of the support solution by evaluating Product maintenance
requirements, resource needs and logistics footprint limitations against availability, operation,
and support cost targets. Refer to Chap 11.

Cost effectiveness

The design and relevant choices have a cost implication for the LCC. Cost implications can be
broken down into design/development, production/procurement, operational and disposal costs.
It is necessary to perform comparative analyses of different design solutions, including the
relevant support resources. These characteristics and costs are necessary to balance
availability and LCC (refer to Fig 3). Refer to Chap 14.

Cost
Effectiveness

System Life Cycle Cost
Effectiveness (LCC)

Research cost
Development cost
Investment cost
Operation cost
Maintenance cost
Disposal cost

ICN-B6865-S3000L0079-001-01
Fig 3 Effectiveness - balancing availability and LCC

System

Performance Availability

Software design

Software is usually a part of modern Product design. Software design requires careful
considerations, in order to include in the software some of the features mentioned in this
chapter.

Considering the consequences of software support activities described in Chap 13, decisions on
software design and implementation are necessary to fulfil Product availability requirements.

Development programs

LSA must be integrated in Product development projects, to ensure that the corresponding LSA
activities are acknowledged and performed in a documented, structured, and interactive closed-
loop process.

The LSA representative is an important member of the entire project team.

Strategy for LSA influence on design
The key to a productive and cost-effective analysis effort is the concentration of available
resources on activities that most benefit the program.

LSA aims to influence design, develop the most effective support solution, and define
requirements for support resources. These general objectives need to become more specific for

Applicable to: All S3000L-A-05-00-0000-00A-040A-A
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individual projects. The type of project determines the amount of design flexibility and
opportunity to influence the design, and is the main input when deciding on a strategy.

It is necessary to review, refine and balance defined objectives and the analysis strategy
against available resources, until they become definite program goals or requirements.

3.2 Design influence on development programs
The very nature of development programs can vary from;

— new development programs, where the Product and support products are developed from
the very beginning

— design changes/improvements for systems or subsystems of an existing Product

— fast-track programs using existing technology developed in-house or by a supplier

Therefore, the amount of design freedom and possible design influence differs depending on
the nature of the development program. Development programs for complex Products are often
a combination of the development types described above. The program will also prioritize LSA
effort and objectives accordingly.

Furthermore, design freedom can be available only for the support system but not for the
Product, and vice versa. The LSA objective of making reliability, maintainability, and
supportability requirements an integrated part of Product requirements and design can best be
achieved if designers are oriented towards reliability, maintainability, and supportability
objectives commencing with the design effort.

3.3 Supplier design
Supplier design is design performed by a vendor or subcontractor and must be approached in
the same manner as in-house design.

It is important to provide the supplier with LSA goals and requirements specific to the supplier in
order to influence supplier design before starting the design efforts.

In conjunction with design influence by goals and requirements, the requiring party must initially
decide and specify the LSA activities that must be performed by the supplier, which activities
must be shared between the requiring party and the supplier, and those that must be performed
solely by requiring party. Once done, the LSA portion of the contracting plan can be developed
and work requirements written into the procurement documentation. It is often useful to allow
the prospective performing activities, under the bidding terms of the procurement, to
recommend adding or deleting LSA activities and to provide a more detailed subtask definition
and schedule.

Additionally, prospective performing activities can be encouraged to make use of cost-effective
data generation procedures. Acquisition program objectives must be considered in preparing
procurement documents. For example, in technology demonstration procurement, certain LSA
activities can be specifically excluded. Supportability objectives for this type of procurement
would best be served through design influence and generation of LSA data for subsequent
detailed analysis efforts when the technology is utilized. If the acquisition program is oriented to
develop and procure a Product, then other LSA activities become equally important.

When a supplier provides a COTS system or equipment, the possibility to influence the
equipment design is obviously very limited. However, the influence on the integration of the
system/equipment in the Product and the support system is still as important as for any other
development project.

3.4 Critical/milestone design reviews
It is essential to establish and document design review procedures in case procedures do not
exist already. They will provide official review and control of released design information jointly
with the LSA program, in a timely and controlled manner.

Applicable to: All S3000L-A-05-00-0000-00A-040A-A
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These procedures define accept/reject criteria, the method of documenting reviews, the types of
design documentation subject to review, and the degree of authority of each reviewing activity.

Program planning must coordinate and integrate the design and development reviews and the
LSA reviews. Formal review and assessment of LSA requirements are an integral part of each
Product design review. It is necessary to document results of each Product design review.
Design reviews must identify and discuss all pertinent aspects of the LSA program.

Technical information generated and documented during the design process must be shared
with designers and supportability specialists, in order to identify interface problems between
design concepts and operators, maintainers, and support resources. Design documentation
must include technical design information such as diagnostic features, interfaces, reliability
estimates, obsolescence evaluations, and item functions determining supportability.

It is recommended that subcontractors and suppliers, as appropriate, be included in all
scheduled "bottom-up" reviews. Developing and coordinating agendas helps address the
relevant topics, as they apply to the program phase activities and the reviews.

Examples of topics are:

— LSA performed using task and WBS element

— LSA assessment of proposed design features including supportability, cost, and readiness
drivers, and new or critical support resource requirements

— corrective actions that have been considered, proposed, or taken, such as:

support alternatives under consideration
system/equipment alternatives under consideration
evaluation and trade-off analysis results
comparative analysis against existing products
design or redesign actions proposed or taken

— review of LSA requirements - supportability (with review of specifications as developed)
— progress toward establishing or achieved goals

— required, completed, and scheduled LSA documentation

— design, schedule, or analysis problems affecting LSA

Incorporating design reviews during the Product’s in-service, are also encouraged to improve
the Product based on operational experience and to effectively sustain a competitive Product.
In-service LSA deals with the principles and means for such development. Refer to Chap 17.

4 Checklists
To facilitate design work and reviews, checklists can be used as a starting point and input.
However, these checklists serve as examples. It is vital to define the questions and adjustments
to the checklist to suit the program. A synergy between LSA and design disciplines is often
necessary to define those checklists.?
4.1 Selection of parts/equipment
A checklist for the selection of parts/equipment can include, but is not limited to:
— Have appropriate standards been consulted for the selection of parts?
— Have the selected parts/equipment been evaluated in terms of reliability, maintainability and
supportability?
— Have suppliers been selected for component part procurement?
— Is the supplier reliable in terms of quality, timeliness, and cost effectiveness?
2 Checklist developed from Benjamin S Blanchard, Logistics Engineering
and Management, 6™ edition, Prentice-Hall, Inc., Englewood Cliffs, New
Jersey 07632
Applicable to: All S3000L-A-05-00-0000-00A-040A-A
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4.2 Reliability
A checkKlist for reliability can include, but is not limited to:

— Has the system/equipment wear-out period been defined?

— Have failure modes and effects been identified?

— Are item failure rates known?

— Have parts with excessive failure rates been identified?

— Has mean life been determined for the system/equipment?

— Has equipment design complexity been minimized?

— Is protection against secondary failures (resulting from primary failures) incorporated where
possible?

— Are reliability requirements met?

4.3 Maintainability
A checklist for maintainability can include, but is not limited to:

— Has the number of different kinds of fasteners been minimized?

— Is the type of fasteners standard items?

— Have the fasteners been selected based on the requirements for standard tools rather than
special tools?

— Are equipment items identified as replaceable?

— Has replacement time been minimized?

— Has the operational environment (eg, hailstorms, sandy, salty environments) been taken
into consideration?

— Have considerations been made on how to load software, loading times and media?

4.4 Testability
A checklist for testability can include, but is not limited to:

— Have self-test provisions been incorporated where appropriate?

— Is the extent of self-test compatible with LORA?

— Is the self-test automatic?

— Have direct fault indicators been provided? (eg, warning lights, messages)

— Are test points/interface provided to enable checkout and fault isolation beyond self-test
level?

— Are test points/interface accessible?

— Are test points/interface functionally or conveniently grouped to facilitate sequential testing?

— Are test points/interface provided for direct test of replaceable items?

— Are test points labeled?

— Can every equipment malfunction be detected by a go/no-go indication at system level?

—  Will software provide adequate test information?

4.5 Prognostics
A checklist for prognostics can include, but is not limited to:

— Isit possible to identify the functionality to predict maintenance needs for the equipment?
— Is it possible to identify and obtain the parameters used to predict maintenance needs?
— Do parameters used for prognostics have an adequate sampling frequency?

4.6 Standardization
A checklist for standardization can include, but is not limited to:

— Are standard equipment/parts incorporated in the design as appropriate?
— Are the same parts used in similar applications?
— Has the number of different part types used throughout the design been minimized?

Applicable to: All S3000L-A-05-00-0000-00A-040A-A
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— Are identifying labels, markings and nomenclature standardized in full measure?

4.7 Interchangeability
A checklist for interchangeability can include, but is not limited to:
— Are modules and components with similar functions interchangeable electrically, functionally
and physically (ie, the same form, fit and function)?
— Are components with the same part number interchangeable, even if different suppliers
provide them?
4.8 Environment
A checklist for environmental aspects can include, but is not limited to:
— Are the hazardous materials and pollutants identified and minimized?
— Is it costly to handle, store, disassemble or dispose of the materials and equipment chosen
for the design?
— Are special containers or facilities necessary to handle hazardous materials or pollutants?
— Are the selected materials and equipment consistent with environmental regulations on
operation and disposal?
4.9 Human factors/ergonomics/accessibility
A checklist for human factors, ergonomics and accessibility can include, but is not limited to:
— Are doors provided where appropriate? Are they hinged?
— Are the size and location of openings adequate for access?
— Are the doors and openings labeled? What information does the label provide?
— Are access door fasteners minimized?
— Are quick-release fasteners used for access doors?
— Are tools necessary to gain access?
— If tools are needed to gain access, are they minimized and standard design?
— Is access between modules and components adequate?
— Are hazardous materials and pollutants identified and minimized?
— Isit necessary to use protective equipment when performing the maintenance task?
— Isit possible to perform maintenance tasks with protective equipment if necessary (eg,
gloves, helmet)?
— Is the number of lifting devices for heavy or bulky items minimized?
— Compared with the working position, is the time it takes to carry out a maintenance task
reasonable?
— Are access requirements compatible with the frequency of maintenance?
4.10 Obsolescence
A checklist for obsolescence can include, but is not limited to:
— Is the item at risk for obsolescence during the lifetime of the Product?
— Does the design facilitate redesign if necessary due to obsolescence?
— Is it possible to emulate or recreate the design?
— Are any aftermarket sources available?
— Is the supplier required to inform and initiate a purchase process or redesign of parts to
cover the rest of the Product lifetime?
5 Associated parts of the S3000L data model
The documentation of the associated data to this chapter is supported by the following Units of
Functionality (UoF), refer to Chap 19:
— S3000L UoF Design Change Request
Applicable to: All S3000L-A-05-00-0000-00A-040A-A
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Human factors
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Factors
Ergonomics - General approach, principles and concepts

Ergonomics principles in the design of work systems

1.2

1.3

General

Introduction

Human factors provide source data that must be used within LSA activities to determine
maintenance crew and support equipment requirements. This relationship begins in the design
process and continues through the entire life cycle, with the focal point during Maintenance
Task Analysis (MTA).

Objective

It is necessary to coordinate LSA, maintainability and supportability functions to ensure that
potential support solutions are within established support thresholds (including the requirements
of human factors). This is accomplished by considering the crew size and the required support
resources for maintenance and operational support tasks. Human factors limitations influence
the establishment of support environment as well as the design of the Product. The limited
capabilities of a human being determine the limitations on Product usage and support. With
respect to support in particular, human factors have significant influence on the practicability of
operational support and maintenance.

Scope

The capabilities and natural limitations of a human being should influence design and LSA.
This chapter aims to support design and supportability engineers who perform technical and
supportability analyses and describes the relationship and integration between human factors
and the LSA process. Because human factors can influence various phases of the LSA process
it is recommended that the results of the human factors analysis, including warnings and
cautions, and the need for specific equipment to mitigate hazardous tasks/conditions be
documented and available at a very early project phase.

Logistics support analysis and human factors

Physical abilities and limitations

The LSA and human factors integration occurs throughout the whole Product life cycle. Product
modifications or proposed design changes can lead to changes to the maintenance activities
that include human factors constraints and/or limitations.

LSA and human factors have a common objective, but specific purposes and goals. Human
factors focus on various aspects, for which several standards (refer to Table 1) provide rules
and guidelines, including:

— anthropometric aspects

— ergonomic aspects

— other physiological aspects
—  psychological aspects

— legal requirements

Applicable to: All S3000L-A-06-00-0000-00A-040A-A
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The diameter of the average human forearm, for example, is a human factor. Any access panel
that requires a reach beyond the wrist must conform to the minimum size indicated in the
relevant standards. In this case, the human factors influence the design to ensure all these
access panels comply with this size requirement. LSA must take into account these standards
to evaluate potential support solutions. In addition, LSA must consider the need for special
support equipment to complete a task under limited moving space conditions. If alternate design
solutions are identified during the analysis activities, they can be presented back to design for
reconsideration.

Limitations due to hazardous conditions
Another aspect concerning human factors is the limitation of human activity because of health
threat.

The handling of dangerous or hazardous materials must follow strict regulations to ensure the
safety of all persons involved and the environment. At the end of the Product life cycle and
during the disposal phase in particular, human factors can be crucial due to an increased need
to handle material, which is a risk for human health.

Other limitations must be considered for work under extreme environmental conditions such as:

cold or hot environments

humid environment

working underground or underwater

—  critical environment due other reasons (eg, dust, exposure to fumes, sound, light)

Design guidelines must ensure the protection of human beings against the effects of these
environmental impacts. LSA must address these guidelines.

Human factors analysis aspects

Influence on design

There are many industry standards (refer to Table 1) that address human factors design
constraints and requirements. The contractor/customer agreements and the contract include
and makes reference to them as appropriate.

It is necessary to take into account the human factors qualitative data to determine the
maintenance crew skills, size and support equipment needs. For example, human factors will
provide weight limits for a single person lift and help identifying the maintenance crew size for a
specific task. This analysis will also identify the need for mechanical lifts, maintenance stands or
provide a feedback to the designers on the need for grips. This information can be used in a
trade-off study for design alternatives as an iterative process. Human factors provide
specifications and standards that must be applied to the individual maintenance tasks.

If applicable, the crew size requirement should take into account the demographic aspects as
well. This means that an all-male crew can have a greater lift limit than a mixed male/female
crew. Therefore, the weight of the item determines the proper number of people required for
liting, but the number will change based on the specific crew demographics. The weight
restriction must be taken into account for mechanical lift requirements and therefore impact
support equipment requirements. The location can influence the need for maintenance stands,
and the type of stand required will depend on the maintenance crew size.

Guidance for LSA

The LSA Guidance Conference (LSA GC) must identify the rules and guidelines for LSA and
human factors analysis, including maintenance crew demographics, lift, reach and other
standards and limitations. The customer and contractor must agree on specific standards. In
addition to this agreement, it is recommended to review all applicable standards and relevant
legislation, and to document any exception.

Applicable to: All S3000L-A-06-00-0000-00A-040A-A

Chap 6

DMC-S3000L-A-06-00-0000-00A-040A-A_003-00_EN-US.docx 2021-04-30 Page 3



Q0002 T 2

AR

-

S3000L-B6865-03000-00

o]
w

‘ Iy
¢

Note
Exceptions for military equipment are typically only valid during wartime. An ever-increasing
number of civil contractors in military support implies that the Product and the support
equipment must meet civil regulations, regardless of their use.

LSA receives input from design and development trade-off analysis of each design alternative.
From the first design effort, LSA will analyze the design alternatives and compare the relevant
support requirements, and make recommendations based on the supportability and Total Cost
of Ownership (TCO). Several handbooks such as the “International Encyclopedia of Ergonomics
and Human Factors”, ISO standards as well as military specific standards (eg, MIL-STD 1472)
provide valuable information (refer to Table 1). It is recommended that the applicability of any
local specific rules be verified. The process involves identifying all the possible maintenance
actions and takes into account the mental workload under the expected operational conditions.
Tired people under a high level of stress can have a shorter memory span. Maintenance
sequences must follow a similar logic, and color coding must be consistent. Each maintenance
task will result in a list of resources required to accomplish the task. These resources include
spare parts and consumables, maintenance man-hours, training, support equipment and test
equipment. The specific considerations on human factors include the number of maintainers
and the amount of support equipment related to human factors.

The entire analysis process is an iterative process that must be used for each design change.
Within the LSA process, the more detailed MTA starts upon the Product design approval. Each
maintenance task is compared against the human factors requirements to ensure that all
maintenance and operational support activities are within the human factor's limitations.

4 Human factors to consider
The human factors are not limited to those listed here, which provide an outline of the aspects
that can influence Product design and the design of the support environment (operational and
maintenance related), especially in LSA.
4.1 Anthropometric aspects
Anthropometric aspects that influence design include, but are not limited to:
— lines of sight (visual field, vertical and horizontal)
— audio signals requirements
— muscle strength of arms, hands and thumb
— required muscle strength for vertical pull extensions
—  required muscle strength for horizontal push and pull movements
—  maximum weight of units to be lifted
— maximum weight of support equipment
— arm and hand access dimensions
4.2 Ergonomic aspects
Ergonomic aspects that influence design include, but are not limited to:
— design of controls (eg, switches, cranks, joysticks, ball controls, hand wheels, levers,
pedals, knobs)
—  minimum handle dimensions
— workspace design (eg, seated, standing, mobile)
— difficult accessibility - ramps and ladders
— doors and access panel dimensions
— illumination requirements
4.3 Environmental aspects
Environmental aspects that influence design include, but are not limited to:
Applicable to: All S3000L-A-06-00-0000-00A-040A-A
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—  effective temperature

— limits of extreme cold and warm temperature conditions

— influence of wind-chill on human beings

— decreased performance of human beings under extreme climatic conditions
— ventilation requirements

— exposure limits ultraviolet radiant energy

— exposure limits to pollution like dust, fumes

— noise limitations

— shock current intensities

5 Associated parts of the S3000L data model

The human factors analysis activities are performed outside the LSA scope. The results are a
precondition to enable the determination of a specific working environment for the Product
operators and maintainers.

Human factors analysis data is not documented in the frame of S3000L data model and there
are no related Units of Functionality from Chap 19.

Note
Human factors analysis outputs also serve as inputs to human factors analysis in S6000T.

6 Additional information

Each project must determine human factors requirements for the analysis process. Table 2
provides sources for more detailed information on how to evaluate the support equipment
related to human factors for any project.

Table 2 Sources for additional information

Source URL
Human Factors and http://www.hfes-europe.org
Ergonomics Society (HFES)
Designing for humans http://www.designingforhumans.com
Applicable to: All S3000L-A-06-00-0000-00A-040A-A
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Chapter 7

Corrective maintenance analysis
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improving preventive maintenance

1 General

The process for corrective maintenance analysis described in this chapter is a part of the event-
driven analysis activities, which are performed as part of the LSA. Corrective maintenance
analysis aims to identify the corrective maintenance and failure mode isolation tasks, which are
necessary to develop and document.

This chapter describes possible methods to evaluate and identify corrective maintenance task
requirements that must be performed on the Product and/or its equipment in case an inherent
failure occurs.

Corrective maintenance analysis identifies:

— corrective maintenance tasks required to repair and restore the Product and its equipment
after a failure mode has occurred

— symptoms indicating that a failure mode has occurred

— failure mode isolation tasks required to determine which specific failure mode has occurred,
in case where two or more failure modes have the same symptoms but require different
corrective actions

Note
Corrective maintenance analysis does not include step-by-step descriptions on failure
mode localization procedures. It only identifies the tasks needed to determine that a
specific failure mode has occurred, or the tasks that can narrow down an ambiguous
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symptom to a smaller set of possible failure modes, in case it is not possible to isolate a
specific failure mode.

Failure Mode and Effect Analysis (FMEA) or Failure Mode Effect and Criticality Analysis
(FMECA) are the starting point for the corrective maintenance analysis. In many cases,
FMEA/FMECA is performed during the Product Design & Development (D&D) phase, and there
are two possible approaches:

— The equipment FMEA is a bottom-up analysis methodology that starts with equipment
failure modes, their local effects, and their higher effects on the equipment under analysis

—  The system/functional FMEA is a top-down analysis methodology that starts from the
functions of the product/system under analysis, its functional failure modes, the functional
failure effects and the respective failure causes identified for each functional failure mode

Note
This chapter does not provide any guidance on how to carry out an FMEA/FMECA, but it
defines this type of analysis as a prerequisite. If there is no FMEA/FMECA in place, it is
necessary to determine how to develop one, or to define an alternative method on how to
progress with the corrective maintenance analysis.

Purpose

Corrective maintenance analysis aims to describe a method to evaluate and identify corrective
maintenance task requirements during the early phases of Product D&D. This method also
evaluates the Product and its equipment from a testability perspective in order to identify
additional needs for failure mode detection and/or isolation means, and/or design
improvements.

Depending on the overall support concept, corrective maintenance can include tasks to be
performed on the Product itself, as well as tasks to be performed on the equipment when
removed from the Product.

Corrective maintenance at Product level can be limited to the replacement of the faulty
equipment in order to reduce down time and limit the required resources (eg, special support
equipment and/or specific personnel competences). After that, it is possible to either repair the
replaced equipment at the workshop (at any maintenance level), or discard it. If required, it is
necessary to define and elaborate on-Product repair tasks for non-replaceable equipment (eg,
items of Product structure).

It is not possible to schedule corrective maintenance, which in most cases must be performed
as soon as non-acceptable tolerances are reached or exceeded.

Note
For the evaluation and identification of corrective maintenance driven by induced failures
caused by special events and/or by damages within or outside the specified usage
scenario, refer to Chap 8.

All Product systems, subsystems, equipment and components liable to fail can become
candidates for corrective maintenance analysis.

There are different ways to detect a failure mode, for example:

— during Product operation by the operating crew

— during the performance of preventive maintenance
— by an integrated test-/monitoring system

— by chance (random)

Some failure modes can be detected but not unambiguously localized. Therefore, failure mode
isolation tasks can be required to uniquely determine that a specific failure mode occurred, in
order to replace and/or repair the correct item.

Applicable to: All S3000L-A-07-00-0000-00A-040A-A
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1.2

1.3

The need for failure mode isolation tasks is primarily dependent upon the availability of built-in
detection means and measurement points, but also on the availability of failure mode effect
descriptions identified during FMEA/FMECA. These factors come into play when analyzing and
determining whether each individual failure mode has a unique set of symptoms or it requires
an additional failure mode isolation task.

A failure mode isolation task is a separate task that can support a failure mode localization
process. Typical failure mode isolation tasks include the use of external test equipment,
functional tests and visual inspections.

Scope
The scope for corrective maintenance analysis is to describe a method that covers:

— The identification of corrective maintenance and failure mode isolation task requirements to
perform on the equipment

— The identification of corrective maintenance and failure mode isolation task requirements to
perform on the Product

Note
During the in-service phase, the maintainer will detect a symptom that triggers a fault
isolation/localization process to identify the faulty element. The corrective maintenance
analysis starts with the analysis of the individual failure modes, and aims to define how the
maintainer will detect, isolate and finally restore the faulty element. Corrective maintenance
analysis defines all data needed for this process.

Note
The detection and isolation of the failure modes mainly concern the equipment and its
installation on the Product. However, the identification of failure modes on structural parts
mostly occurs through inspections or Non-Destructive Testing (NDT), regardless of them
being preventive or by opportunity.

This chapter mainly focuses on the equipment and its components whether installed on the
Product or in the workshop.

Terms, abbreviations and acronyms
Table 2 provides a list of terms specific for this chapter.

Table 2 Terms specific for this chapter

Terms Definition/example

component A non-repairable part of an equipment or sub-equipment.

equipment Equipment is a part that is fulfilling a specified function or purpose
related to the Product.

equipment Parts necessary to equipment installation on the Product.

installation details  gyample: Fasteners, connectors

failure Failure is the functional performance deficiency manifestation of a fault.

failure cause Failure cause defines the physical or chemical process that is the
reason for the failure mode.

failure mode Failure mode defines the functional consequence of a fault.
Example: low, erratic, or no output from an electrical circuit

Failure Mode FMG represents a set of failure modes that leads to the same set of
Group (FMG) actions to detect, isolate and rectify those failure modes.

Applicable to: All S3000L-A-07-00-0000-00A-040A-A
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Definition/example

fault isolation
process

fault isolation task

general installation

details

inherent failure

installed equipment

observable

symptom

sub-equipment

symptom

symptom ambiguity

group

symptoms
signature

Fault defines the unacceptable state of the failed item.
Example: a broken wire

Fault isolation process is a process that identifies the item at fault.

A fault isolation task is a task that can contribute to determine the item
at fault.

Parts of the Product that connect pieces of equipment for a specific
function (eg, piping, wiring)

Inherent failure is a failure due to the existing and inherent
characteristics of an item.

Equipment located in a specific place within the Product
Observable symptom is a symptom that an operator can recognize as
the manifestation of a fault condition.

Note
Flight crews, maintenance personnel or mission crews can
recognize an observable symptom.

A repairable/restorable part of the equipment.

Symptom is a measurable or visible parameter that, if present, can be
associated to a fault, either directly or indirectly.

Symptom ambiguity group is a set of items that require further fault
isolation activities, since the given symptom, or set of symptoms is not
enough to determine the actual item at fault.

Symptoms signature identifies a set of symptoms that, if present, can be
associated with a fault.

Equipment corrective maintenance analysis

Introduction

The equipment corrective maintenance analysis aims to define equipment corrective
maintenance task requirements, and to identify a method to detect and isolate equipment failure

modes.

The result is a set of equipment FMG, which is a unique combination of:

—  One corrective maintenance task requirement, which is common to the included (grouped)
equipment failure modes (ie, all the included equipment failure modes lead to the exact
same corrective action). Some equipment failure modes do not have a viable corrective
maintenance task requirement. In such cases, there is just a discard/scrap decision, and
possibly an associated equipment neutralization/disposal task requirement. It is necessary
to also define this type of conclusion as an equipment FMG.

— One or more symptoms that are common to all equipment failure modes which are grouped
against the equipment FMG

— One or more failure mode isolation task requirements that can determine which of the
included equipment failure modes has occurred

Applicable to: All
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Note
Any equipment FMG can have more than one defined failure mode isolation task. This is
required whenever it is not possible to determine directly and unambiguously which of the
failure modes associated with the equipment FMG has occurred. In this case, it is
necessary to proceed step by step to reduce the number of possible equipment FMG, in
order to eventually isolate only one equipment FMG.

Corrective maintenance analysis starts with the equipment failure modes identified for individual
equipment. Each equipment failure mode is then analyzed from the perspective of what
corrective maintenance task is required to repair/restore the equipment and whether it is
technically and/or economically feasible to perform the corrective task.

Note
In many cases, the Original Equipment Manufacturer (OEM) or equipment supplier
performs this type of analysis. This means that the corrective tasks defined by the OEM or
supplier only need to be analyzed in the context of corrective maintenance analysis defined
for the Product (refer to Para 3).

Note
The result of the corrective maintenance analysis is an important input to the LORA. Refer

to Chap 11.

It is also necessary to analyze each equipment failure mode on the basis of the identified
symptoms, which can support the detection/isolation of individual equipment failure modes.
Symptoms can be built-in test capabilities, measurement points and/or local or next higher
failure mode effects as recorded in the equipment FMEA.

If the symptoms defined for an equipment FMG are ambiguous (ie, there is more than one
equipment FMG with the same symptoms), then it is necessary to associate the equipment
FMG to a failure mode isolation task requirement.

Note
Equipment corrective maintenance analysis does not consider the use of the equipment in
any Product, but it only considers the equipment itself.

It is also important to determine the extent of the performance of the equipment corrective
maintenance analysis. A general rule is that it is only necessary to define corrective
maintenance, failure mode isolation and/or operational test task requirements to be performed
on the equipment at customer/operator sites. The analysis often excludes the corrective
maintenance performed by industry.

2.2 Method
Fig 1 presents the method for the equipment corrective maintenance analysis in the form of a
flow chart.

Applicable to: All S3000L-A-07-00-0000-00A-040A-A
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ICN-B6865-S3000L0080-002-01
Fig 1 Logical flowchart for equipment corrective maintenance analysis

The method for performing equipment corrective maintenance analysis includes the following
sub-processes:

1 Perform equipment failure mode grouping and define the corrective maintenance task
requirements (refer to Para 2.4).

2 Identify the means (symptoms) for equipment failure mode detection (refer to Para 2.5).

3 Identify the means for equipment failure mode isolation and define the equipment failure
mode isolation task requirements (refer to Para 2.6).

4  |dentify the need for equipment operational test and define the equipment operational test
task requirements (refer to Para 2.7).

Equipment corrective maintenance analysis is an iterative process. If there is no obvious way to
group equipment failure modes into one or more equipment FMG based on the resulting
corrective maintenance task requirements, at first it is necessary to consider each equipment
failure mode as an equipment FMG. Afterwards, it is necessary to compare each equipment
FMG to other equipment FMG, to determine the relevant equipment FMG.

2.3 Candidate items
The first activity is to identify equipment which is subject for equipment corrective maintenance
analysis. This activity is part of the overall candidate selection activity described in Chap 3. It is
necessary to perform it in conjunction with LORA (refer to Chap 11).

Below are some examples of specific questions for the selection of the candidate items for the
equipment corrective maintenance analysis:

— Isit possible to open/disassemble the equipment to get access to equipment components
that can cause the equipment failure mode?

— Isit possible to replace equipment components with a reasonable effort?

— Is opening/disassembling the equipment covered by the warranty?

Applicable to: All S3000L-A-07-00-0000-00A-040A-A
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2.4

— Isit possible to procure the relevant equipment components as spare parts?
— Is it economically meaningful to repair the equipment?
—  Does the equipment contain hazardous material, which requires special resources?

Perform equipment failure mode grouping

Equipment failure mode grouping is a bottom-up approach. This means that if an equipment is
an assembly of other repairable/restorable parts, it is necessary to perform the analysis starting
from the lowest level of repairable/restorable parts, moving upwards towards the “end”
equipment.

Note
The term equipment defines a part that fulfills a specified function or purpose related to the
Product.

Note
The term sub-equipment is used when referring to repairable/restorable parts of an
equipment, in order to use the phrase "equipment corrective maintenance analysis" for
those parts as well.

The rationale for this bottom-up approach is to proceed gradually to determine the FMG and its
associated corrective maintenance task requirements for each equipment/sub-equipment.
Moreover, the approach ensures that the FMG for the sub-equipment is analyzed when put into
the context of the parent equipment.

The differences in the corrective maintenance strategies for the equipment (sub-equipment) will
affect the failure mode grouping. Examples of the corrective maintenance strategies are:

— only the test tasks are performed at the customer/operator site, while all other tasks are
performed at industry level

— the tasks for test and replacement of the sub-equipment are performed at the
customer/operator site, but all other repair and disposal/neutralization tasks are performed
at industry level

— all test, repair/restore and disposal/neutralization tasks are performed at the
customer/operator site

— all test, repair/restore and/or disposal/neutralization tasks are performed at industry level

Note
If the approved equipment maintenance concept requires to perform test, repair, restore,
disposal and neutralization activities at industry level, then the program must define the
need to perform any further corrective maintenance analysis for that equipment/sub-
equipment. It is necessary to keep in mind that this analysis provides an opportunity to
produce inputs in order to consolidate the equipment maintenance concept from a LORA
perspective (refer to Chap 11). It can still be important to keep information on the
reparability and testability of the equipment/sub-equipment if the in-service feedback
reveals the need for further substantiation or evolution.

Equipment (sub-equipment) can have multiple failure modes that lead to the same FMG. In this
case, the number of equipment FMG will be significantly less than the number of failure modes.

In general, the process reuses the existing equipment FMEA/FMECA and equipment part lists
(often referred to as EBOM), refer to Chap 4). This information originates from Product D&D
activities or from the equipment OEM or supplier.

This process then uses the identified failure modes and parts lists to determine the possibility to
develop a corrective maintenance task. If it is possible to repair/restore the equipment (sub-
equipment), then its respective failure mode will be associated with an equipment FMG. Then,
the latter is associated with a corrective maintenance task requirement that meets the need for
the identified corrective action (refer to Fig 2).

Applicable to: All S3000L-A-07-00-0000-00A-040A-A
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ICN-B6865-S3000L0081-003-01
Fig 2 Equipment failure mode grouping

For equipment assemblies, it is necessary to analyze the respective FMG for the sub-equipment
in the context of the parent equipment assembly. In this case, it is necessary to consider the
respective FMG for sub-equipment in the failure mode grouping activity for the parent
equipment assembly, and not the individual sub-equipment failure modes.

For equipment that contains other equipment (sub-equipment), the failure mode grouping

activity must consider:

— Equipment failure modes related to non-repairable/non-restorable components included in
the assembly equipment

—  FMG defined for included sub-equipment

Note
The FMG defined for the parent equipment must not be the same as the FMG defined for
the included sub-equipment. This is because corrective actions for the sub-equipment
require a redefinition in the context of the parent equipment assembly, and therefore will be
different.

An FMG defined for the assembly equipment can trigger either a replacement of the sub-
equipment or a repair of the sub-equipment at equipment assembly level. Since it is necessary
to describe the corrective task for the sub-equipment in the context of the equipment assembly,
the sub-equipment repair at parent equipment assembly level will be different. For example, the
repair of sub-equipment at equipment assembly level can require additional steps to get access
to the sub-equipment, as well as different support equipment to gain access.
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ICN-B6865-S3000L0148-001-01
Fig 3 Failure mode grouping at equipment assembly level

Note
The example in Fig 3 shows that a computer can be considered as an equipment assembly
that contains, for example, a mainboard as one of the sub-equipment. The mainboard itself
has its own equipment failure modes and failure mode grouping, which is necessary to
consider in the parent equipment (ie, the computer). In case of a failure of a component on
the main board (eg, the processor), it is possible to repair the computer by replacing the
faulty processor on the mainboard. For this repair, there is no need to remove the
mainboard from the computer.

2.5 Identify means or symptoms for equipment failure mode

detection

The next step in the equipment corrective maintenance analysis is to identify the means to
detect the equipment failure modes. It is necessary to analyze each possible equipment failure
mode taking into consideration the following:

— Check if there is any form of automatic detection that triggers a warning device in case a
failure mode occurs. If yes, assess the detection rate and false alarm rate of this automatic
detection mean.

—  Check if there are any measurement points (eg, gauges) that can indicate that the failure
mode has occurred

—  Check functional symptoms and/or physical symptoms that can help detect the failure
mode. It is possible to use the failure mode effects listed in FMEA as a guideline.

Applicable to: All S3000L-A-07-00-0000-00A-040A-A
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Record the associated detection means, measurement points and functional and/or
physical symptoms against the equipment FMG. If the identified detection means,
measurement points, functional symptoms or physical symptoms differ between the failure
modes associated with the same equipment FMG in step 1 (refer to Para 2.4), then it is
necessary split into one unique equipment FMG per symptoms “signature”.

— Ifitis not possible to detect the associated equipment failure modes using the means
above, it will be regarded as symptoms “signature” not available. For additional discussions
on hidden failures, refer to S4000P.

Note
Only detection means available at workshop level are part of this analysis. As part of the
equipment manufacturing process, an operational test is frequently performed to validate
the manufactured equipment. This kind of test can be considered as an existing means to
detect an equipment FMG, refer to Para 2.7 for detail. Para 3 describes the use of detection
means built into the Product, which can also provide inputs on the detection of equipment

FMG.
Equipment —l
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Fig 4 Equipment failure mode grouping including failure mode symptoms

The example in Fig 4 shows that it is necessary to split the initially identified equipment FMG 2,
into two separate equipment FMG 2A and equipment FMG 2B, due to the differences in the
symptoms. This difference indicates the respective subset of the included equipment failure
modes. Also note that equipment FMG 1 and FMG 2A have the same symptoms and therefore
require additional equipment failure mode isolation tasks in order to determine, upon noticing
the symptoms signature, which of the two equipment FMG has occurred (refer to Para 2.6).

Applicable to: All S3000L-A-07-00-0000-00A-040A-A
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Note
The same principle also applies to sub-equipment. The only difference is the equipment
failure modes defined in the example above are replaced with FMG defined for the sub-
equipment (refer to example in Para 2.4).

2.6 Define equipment failure mode isolation task requirements
The next step in the equipment corrective maintenance analysis is to identify the means to
isolate the equipment failure mode and define the equipment failure mode isolation task
requirements, in case two or more equipment FMG have the same set of failure mode
symptoms (symptoms signature). This is also referred to as symptoms ambiguity groups (refer
to Para 2.5).

If the identified symptoms are unique for the equipment FMG, there is no need to define
additional task requirements. However, if the symptoms identified by a Built-In Test (BIT) with a
high rate of false alarms, it can be necessary to define an additional equipment FMG for an
operational test task requirement (refer to Para 2.7).

For each equipment FMG that is part of a symptoms ambiguity group, the analysis must include
the following steps:

1 Check if any form of test can isolate the respective equipment failure mode.

2 Check if a functional test or visual inspection can isolate the respective equipment failure
mode.

3 Check if any measurement points (eg, gauges) can isolate the respective equipment failure
mode.

4 Check functional symptoms and/or physical symptoms likely to help to isolate the
respective equipment failure mode.

Note
Only test means available at workshop level are part of this analysis. As described in
Para 2.5, it is possible to consider an existing operational test as a means to isolate an
equipment FMG. Refer to Para 2.7 for details on operational test. Para 3 describes the use
of test means built into the Product. In some cases, these test means can procure inputs
that can be useful to isolate an equipment FMG at workshop level.

Note
The scope of the LSA does not include elaborating the equipment failure mode localization
and isolation process itself (also known as troubleshooting). Although the equipment
corrective maintenance analysis as defined in this chapter indicates how to isolate specific
equipment failure modes, the complete troubleshooting process to prioritize and sequence
failure mode isolation tasks for equipment FMG with the same symptoms signature can
require additional factors (eg, probability of occurrence of each equipment FMG, elapsed
time to restore each equipment FMG). Some of these factors are only available during the
in-service phase (eg, status and history for serialized equipment, availability of spares
parts).

The equipment failure mode isolation task requirement then must be recorded against the
respective equipment FMG. If the equipment failure modes associated with the same equipment
FMG in step 1 and 2 (refer to Para 2.4 and Para 2.5) have different equipment failure mode
isolation task requirements, then it is possible to split the equipment FMG into a single
equipment FMG per identified equipment failure mode isolation task. Even if this information is
not useful at workshop level, given that the repair solution is the same for the two equipment
FMG, it can provide inputs for an isolation task at Product level, if one or more equipment’s
FMG have the same symptoms signature.

Applicable to: All S3000L-A-07-00-0000-00A-040A-A
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ICN-B6865-S3000L0150-001-01
Fig 5 Equipment failure mode grouping including failure mode isolation tasks

Fig 5 shows that equipment FMG 1 and FMG 2A have the same symptoms and therefore
require additional equipment failure mode isolation tasks in order to verify which of the two
equipment FMG has occurred upon recording the symptoms signature (refer to Para 2.5).

Furthermore, Fig 5 shows that the equipment FMG 2B has been split into two separate
equipment FMG considering that it requires different equipment failure mode isolation tasks to
determine which equipment failure mode has actually occurred. As previously said, this can
provide an input for the isolation tasks at Product level in case of ambiguity between different
equipment FMG.

Note
Depending on the business rules for a specific program, it is also possible to assign both
Failure mode isolation 3 and Failure mode isolation 4 to the equipment FMG 2B. This
indicates that if one of these failure mode isolation tasks is successful, it is necessary to
perform its associated corrective maintenance task.

The documentation of equipment failure mode isolation task requirements can include
references and additional descriptive information, for example:

— references to technical documents that must or can be used during the equipment failure
mode isolation task (eg, technical plan, wiring diagram, interface description)

— possible crosschecks that can help to isolate the equipment failure mode. Such
crosschecks are useful for identifying the sources of common causes for equipment failure
modes. It is also advisable to document the symptoms to be monitored or recorded during
these crosschecks.

Applicable to: All S3000L-A-07-00-0000-00A-040A-A
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2.7

— measurements to be carried out to check the physical and/or functional characteristics of
the item under analysis, including:

e test equipment required to perform these measurements
e expected values for each measurement and signification of unexpected measures

There can be a requirement to assign more than one equipment failure mode isolation task to
an equipment FMG. This reflects the need to step by step narrow down possible equipment
failure modes that have led to the same symptoms for multiple equipment FMG. It is possible to
record the logical order for performing the equipment failure mode isolation tasks in the context
of the individual equipment FMG, but it is not documented in the form of logical decision trees
that indicate how to prioritize the different equipment failure mode isolation paths (also referred
to as troubleshooting).

Note
The same principle also applies to sub-equipment. The only difference is the equipment
failure modes defined in the example above are replaced with FMG defined for the sub-
equipment (refer to example in the note below Fig 4).

Define equipment operational test task requirements

At the Product level, an equipment is sent to the workshop for corrective maintenance when it
has been detected as potentially at fault. At Product level, it is not always possible to identify the
faulty equipment unambiguously. Sometimes, the equipment can be part of a group of
equipment that has the same symptoms signature. This group of equipment is called an
ambiguity group, and it is possible to replace the complete group of equipment to restore the
Product's availability as fast as possible. Sometimes, the detection itself can have a degree of
uncertainty (eg, a BIT on-Product level can have a high false alarm rate).

In these cases, when equipment is received in the workshop, it first undergoes an operational
test to confirm the equipment is actually at fault. This kind of test can be similar to the test
performed at the end of the manufacturing process for the equipment acceptance.

Altogether, this type of operational test task can meet different requirements regarding the
equipment corrective maintenance analysis. The requirements are:

—  Confirm equipment at fault
As previously described, such operational test tasks can be performed on the equipment at
workshop level as soon as the equipment at fault is received in the workshop. The result of
the equipment operational test task will confirm that the equipment is actually at fault, or
that the equipment is not at fault. In the latter case, the equipment is classified as No Fault
Found (NFF) and sent back to the Product level.

— Provide an additional failure mode isolation test task
In some cases, the operational test task can produce results that can help isolating the
equipment FMG at fault, and it can be regarded as a failure mode isolation task
requirement.

— Final validation test after equipment repair
The operational test task can be performed as the last task of the repair process to validate
that the equipment has been properly restored.

Regarding the equipment operational test task, the equipment corrective maintenance analysis
determines the need to perform an operational test task on each equipment FMG to cover the
different requirements mentioned above. Taking into account that such an equipment
operational test can exist through the manufacturing process, record the equipment operational
test requirement for each relevant equipment FMG.

Applicable to: All S3000L-A-07-00-0000-00A-040A-A
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Fig 6 Equipment failure mode grouping including operational test tasks

Fig 6 shows that the equipment FMG 2B requires an operational test task, whereas FMG 1 and
FMG 2A don't. The list below shows examples where it is necessary to define requirements

such as:

— if the equipment FMG symptoms signature is ambiguous (eg, high false alarm rate for one
of the alarms that is part of the symptoms signature)

— if the equipment FMG symptoms signature is common to others equipment FMG, there will
be an equipment ambiguity group. This can lead to having equipment sent to the workshop,
with no certainty that the equipment is actually at fault.

— if the isolation task for the equipment FMG is not enough

— if there is no efficient test to validate the equipment repair action

Some maintenance concepts determine that only operational tests will be performed at the
customer/operator site. All other equipment corrective and failure mode isolation tasks then
occur at industry level. For such maintenance concepts, the equipment corrective maintenance
analysis will only consider the equipment FMG operational test task. There is no need to
consider any further analysis for the respective equipment failure mode (refer to Fig 7).
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Fig 7 Equipment failure mode grouping only including operational test tasks

Fig 7 shows that there are two identified symptom signatures, one of which requires an
operational test before the equipment is sent to industry for further repair or discard activities. If

the operational test for Symptoms signature

1 is successful, it is possible to record it as NFF.

The example in Fig 7 refers back to a set of equipment failure modes that is the basis for the
respective symptoms signature. This is not an absolute requirement if the OEM/supplier only
defines symptoms and test tasks as a simplified approach (refer to Fig 8).

Equipment

-

Equipment failure mode
grouping result

Equipment
Failure Mode
Group 1

Equipment
Failure Mode
Group 2

Equipment symptoms

Operational Test
Task Requirement

Symptoms signature 1

Operational test 1

-  Symptoms signature 2

ICN-B6865-S3000L0153-002-01

Fig 8 Equipment failure mode grouping only including operational test tasks (simplified)

Note

The same principle also applies to sub-equipment. The only difference is the equipment
failure modes defined in the example above are replaced with FMG defined for the sub-
equipment (refer to the example in the note below Fig 4).
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2.8 Inputs
The following inputs are required to perform the equipment corrective maintenance analysis:

— Candidate Item List (CIL)

— equipment part list (often referred to as EBOM)

— equipment FMEA (often referred to as technical FMEA)

— operational test task used for equipment acceptance in the manufacturing process

2.9 Outputs
The equipment corrective maintenance analysis produces the following output:

— equipment FMG and its:

associated equipment failure modes

failure mode symptoms

corrective maintenance task requirements
failure mode isolation task requirements

e equipment operational test task requirements

3 On-Product corrective maintenance

3.1 Introduction
The on-Product corrective maintenance analysis aims to define on-Product corrective
maintenance task requirements, and to identify a method to detect and isolate Product failure
modes.

The result is a set of Product FMG, where each FMG is a unique combination of:

— one corrective maintenance task requirement, which is common to the included (grouped)
Product failure modes (ie, all the included Product failure modes lead to the exact same
corrective action)

— one or more symptoms that are common to all Product failure modes grouped against the
Product FMG

— one or more failure mode isolation task requirement that can identify the included Product
failure mode that has occurred

Note
There can be more than one defined failure mode isolation task requirement for any
Product FMG. This is required whenever it is not possible to determine directly and without
ambiguity which of the failure modes associated with the Product FMG has occurred. In this
case, it is necessary to gradually reduce the number of possible Product FMG, in order to
eventually isolate one Product FMG.

As described at Para 2, corrective maintenance analysis starts analyzing each FMG defined for
the equipment to be installed on the Product, using a bottom up approach and considering the
equipment in the context of the Product. This step is a grouping activity where the defined
equipment FMG are analyzed from the perspective of what corrective maintenance task is
required to repair/restore the Product.

The next step is to analyze and group the failure modes defined for the structure (eg, fuselage)
and the installation details (eg, wires, tubes, fasteners). In the same way as for equipment
corrective maintenance analysis, the on-Product corrective maintenance analysis will produce a
set of FMG. The difference is that Product FMG are primarily associated with breakdown
elements representing, for example, installation locations, families of hardware items (eg,
composites, tubes, wiring). Refer to Chap 4.

It is then necessary to analyze each Product FMG on the basis of the identified symptoms,
which can support the detection/isolation of individual failure modes. Symptoms can be built-in

Applicable to: All S3000L-A-07-00-0000-00A-040A-A
Chap 7

DMC-S3000L-A-07-00-0000-00A-040A-A_003-00_EN-US.docx 2021-04-30 Page 17



S3000L-B6865-03000-00

test capabilities, measurement points and/or local or next higher failure mode effects as
recorded in the system/functional FMEA/FMECA defined for the Product.

If the symptoms defined for a Product FMG are ambiguous (ie, different Product FMG have the
same symptoms signature), it is necessary to associate the Product FMG with a failure mode
isolation task requirement.

Note
Product corrective maintenance analysis must consider available failure mode detection
means incorporated into the Product.

3.2 Method

Fig 9 shows the method for the on-Product corrective maintenance analysis in the form of a flow
chart.

Breakdown Drawings, 3D System/functlona\
/ Candidate item // structures // models, etc. // FME(C,

On Product
failure mode grouping

On Product CMTR

Identify symptoms for each On Product failure
failure mode group mode detection
(incl. detection means) (symptoms signature)

Identify means to isolate on

Product failure modes [izhie el ey

task requirements

On Product
validation test
task requirements

ICN-B6865-S3000L0154-001-01
Fig 9 Logical flowchart for on-Product corrective maintenance analysis

Identify on Product
validation test needs

On Product failure /

U\i\i

The method for performing on-Product corrective maintenance analysis includes the following
sub-processes:

1 Perform on-Product failure mode grouping and define corrective maintenance task
requirements (refer to Para 3.4)

2 Identify the means (symptoms) for on-Product failure mode detection (refer to Para 3.5)

3 Identify the means for on-Product failure mode isolation and define on-Product failure mode
isolation task requirements (refer to Para 3.6)

4 Identify the need for Product validation tests (refer to Para 3.7)

Note
The on-Product corrective maintenance analysis is an iterative process.

Applicable to: All S3000L-A-07-00-0000-00A-040A-A
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3.4
34.1

3.4.2

Candidate items

The first activity is to identify the installation locations (equipment), structure and installation
details that will undergo the on-Product corrective maintenance analysis. This activity is part of
the overall candidate selection activity described in Chap 3.

Examples of specific questions related to the selection of candidate items for on-Product
corrective maintenance analysis are:

— Is there equipment likely to fail during the estimated Product operational life?

—  Are there any structure components that are likely to degrade beyond acceptable limits
during the estimated Product operational life?

— Are there any installation details (or families of installation details) that are likely to fail
during the estimated Product operational life?

Whether equipment, structural component or installation detail is subject to failure or degrading,
is often based on an analysis which include criticality assessment, available redundancies etc.
Refer to S4000P.

On-Product failure mode grouping

Possible on-Product failure mode causes

Based on the different types of corrective maintenance candidate items described in Para 3.3,
this paragraph includes five major failure mode grouping activities. These are:

— installed equipment failure mode grouping

— family based installation and structure failure mode grouping
— equipment installation details failure mode grouping

— general system/function failure mode grouping

— general structure failure mode grouping

Installed equipment failure mode grouping

Installed equipment failure mode grouping is a bottom-up approach where the equipment FMG
is analyzed in the context of its respective installation location. Installation locations are best
represented as hardware elements in a Product breakdown structure (refer to Chap 4).

The rationale for this approach is to gradually determine the Product FMG and its associated
corrective maintenance task requirements for each on-Product installation location, and to
ensure that the equipment FMG is analyzed when put into the context of individual installation
locations (refer to Fig 10).

Note
On-Product failure mode grouping does not need to consider what will be done with the
equipment, its sub-equipment and components once removed from the Product.
Sometimes, however, on-Product FMG can already point to specific maintenance activities
to be performed on shop level after removal of the faulty equipment.

Note
The on-Product failure mode grouping analysis must only consider the FMG defined for the
equipment to be installed.

Applicable to: All S3000L-A-07-00-0000-00A-040A-A
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Fig 10 Installed equipment failure mode grouping (1)
Note
As shown in Fig 10, the corrective maintenance task requirement does not indicate the
name of the equipment to be replaced on-Product because there can be more than one
type of equipment installed at the installation location represented by Hardware element X.
Equipment installed at different locations can result in totally different FMG, for example due to
access aspects (refer to Fig 10 and Fig 11). Fig 11 shows that it is not possible to repair the
equipment at Product level for Hardware Element Y (eg, due to tool access).
Applicable to: All S3000L-A-07-00-0000-00A-040A-A
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Fig 11 Installed equipment failure mode grouping (2)

Other situations to consider when performing the installed equipment failure mode grouping are:

— more than one equipment can be installed at a given location (form, fit and function
equivalent)

— more than one equipment can be installed at a given location (form, fit and function
equivalent), but they can have differences in their respective FMG (eg, one equipment has
a battery that can be replaced while another equipment does not)

— totally different equipment can be installed (eg, for mission configurations)

Each of these examples can have an impact on both Product breakdown structures as well as
on scoping for individual FMG. It is necessary to define detailed decisions for each project.

3.4.3 Family based installation and structure components failure mode grouping
The installation and structure components failure mode grouping covers two major areas.

— installation details that serve one or many pieces of equipment, and/or one or many
systems/functions (eg, electric wiring, hydraulics)
—  structure components which support the entire Product

Different types of platforms can have different approaches for performing on-Product corrective
maintenance analysis and failure mode grouping, but the common denominator should be an
FMG that reflects standard repair procedures for the type of installation and structure
technology used (refer to the descriptions of breakdown elements that represent families of
parts, Chap 4). Fig 12 shows the basic principle.

Applicable to: All S3000L-A-07-00-0000-00A-040A-A
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Fig 12 Family-based failure mode grouping

Note
The family concept described in Chap 4 does not consider parts and part identifiers.

Note
In most cases, no FMEA is performed at this level of detail.

Equipment installation details failure mode grouping

The equipment installation details failure mode grouping considers installation details that are
directly associated with the installation of single pieces of equipment (eg, fasteners,
connectors).

The equipment installation details failure mode grouping is an extension of the installed
equipment failure mode grouping (refer to Para 3.4.1), and it takes into consideration installation
details failure mode grouping based on family (refer to Para 3.4.2). The rationale for performing
this analysis after carrying out the installation details failure mode grouping based on family is
that it will probably not be necessary to repeat the general corrective task requirement for
individual installation locations. In many cases, however, there will only be corrective
maintenance task requirements defined specifically for individual installation locations (eg, for
failure modes where fasteners must be tightened because of vibrations). This is a failure mode
effect. Refer to Fig 13.

System/functional FMEA/FMECA can identify equipment installation details failure modes, but it
is not always the case. Therefore, it is advisable to always analyze possible installation details
failure modes for each installation location as part of the on-Product corrective maintenance
analysis.
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Fig 13 Equipment installation details failure mode grouping
3.45 General system/function failure mode grouping

The general system/function failure mode grouping is often organized against the respective
system/function. The rationale for performing this analysis after carrying out the installation
details failure mode grouping based on family (refer to Para 3.4.2) is that it will probably not be
necessary to repeat the standard corrective task requirement for individual systems/functions.
For example, there can be a system/function-oriented on-Product FMG, which does not have an
associated corrective maintenance task requirement, but only a set of symptoms and failure
mode isolation task requirements.

However, in many cases there can also be uniquely defined corrective maintenance task
requirements for the system/function on-Product (eg, restore an electric circuit, refer to Fig 14).
System/functional FMEA/FMECA can identify system/function failure modes, but it is not always
the case. Therefore, it is advisable to always analyze possible general system/function failure
modes as part of the on-Product corrective maintenance analysis.
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Fig 14 General system/function failure mode grouping

Note
General system/function failure modes can often be detected by BIT.

General structure failure mode grouping

General structure failure mode grouping is probably not as common as other failure mode
grouping analysis activities. In many cases, special events and damages will call for corrective
maintenance on the general structure (refer to Chap 8). However, it is worth mentioning general
structure failure mode grouping as an explicit analysis activity.

When performed, it will be very similar to a general system/function failure mode grouping, with
the following exceptions:

—  The on-Product FMG for structure failure modes is defined for a breakdown element that
represents the structure or portion of the structure
— There will be a lower degree of built in test capabilities

Identify means (symptoms) for on-Product failure mode

detection

The identification of on-Product failure mode detection means (symptoms) follows the same
logic as described for equipment (refer to Para 2.5). It is necessary to analyze each possible on-
Product failure mode (including equipment FMG) considering:

— checking whether there is any form of automatic detection that triggers a warning device
whenever an on-Product failure mode occurs. If yes, assess the detection rate and false
alarm rate of this automatic detection mean.

— checking whether there are any measurement points (eg, gauges) that can indicate that the
on-Product failure mode has occurred

— checking functional symptoms and/or physical symptoms that can help detect the on-
Product failure mode. It is possible to use the system/function failure mode effects listed in
the system/functional FMEA/FMECA as a guideline.
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— recording the associated detection means, measurement points and functional and/or
physical symptoms against the on-Product FMG. If the identified detection means,
measurement points, functional symptoms or physical symptoms differ between the on-
Product failure modes associated with the same on-Product FMG in step 1 (refer to
Para 3.4), then it is necessary to create a single on-Product FMG for each symptoms
“signature”.

— Ifitis not possible to detect the on-Product failure mode using the means above, it will be
regarded as symptoms “signature” not available. For additional discussions on hidden
failures, refer to S4000P.

Note
The analysis must only include detection means that are available at Product level. Para 2
describes the use of detection means for equipment on bench.

Product installation

Equipment location
. Hardware
EquipmentA [«
auip A elementY On Product symptoms
Failure mode Hardware element Failure mode (gn Proc_iucr .
. R . . . . orrective Maintenance
grouping result realization relationship grouping result Task Requirement
Equipment A HW elementY Symptoms signature 1
Failure Mode Failure Mode —
Group 1 Group 1A Replace equipment
Discard
Equipment A HW element Y Symptoms signature 2
Failure Mode Failure Mode —
Group 2 Group 1B Replace equipment
Repair 1
Equipment A
Failure Mode
Group 3
Repair 2
ICN-B6865-S3000L0160-001-01
Fig 15 On-Product failure mode grouping, including failure mode symptoms
Fig 15 shows that the initially identified on-Product FMG 1 has been split into FMG 1A and FMG
1B due to the differences in symptoms. Each division indicates the respective subset of the
included equipment FMG.
3.6 Define on-Product failure mode isolation task requirements
The identification of on-Product failure mode isolation task requirements basically follows the
same logic as described for equipment (refer to Para 2.6).
If the identified symptoms are unique for the on-Product FMG, there is no need to define
additional on-Product failure mode isolation task requirements. However, if the symptoms
identified by a BIT with a high rate of false alarms, it can be necessary to define an additional
on-Product FMG test task (also refer to Para 2.7).
Applicable to: All S3000L-A-07-00-0000-00A-040A-A
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For each on-Product FMG that is part of a symptoms ambiguity group, the analysis must include
the following steps:

1
2

Check if any form of test can isolate the respective on-Product failure mode

Check if a functional test or visual inspection can isolate the respective on-Product failure
mode

Check functional symptoms and/or physical symptoms likely to help to isolate the
respective on-Product failure mode.

Note

Only test equipment used for testing on Product level are part of this analysis.

Note

The scope of LSA does not include elaborating the on-Product failure mode localization and
isolation process itself (also known as troubleshooting). Although the on-Product corrective
maintenance analysis as defined in this chapter indicates how to isolate specific Product
failure modes, the complete troubleshooting process to prioritize and sequence failure
mode isolation tasks for Product FMG with the same symptoms signature can require
additional factors (eg, probability of occurrence of each Product FMG, elapsed time to
restore each Product FMG). Some of these factors are only available during the in-service
phase (eg, status and history for serialized equipment, availability of spares parts).

Note

Symptom ambiguity groups can occur across the different analysis steps described in

Para 3.4. This means that an on-Product FMG identified as part of the equipment
installation failure mode grouping (refer to Para 3.4.1) can have the same symptoms as an
on-Product FMG identified as part of general installation details failure mode grouping (refer

to Para 3.4.4).

Afterwards, it is necessary to record the on-Product failure mode isolation task requirement
against the respective FMG. If the on-Product failure modes associated with the same FMG in
step 1 and 2 (refer to Para 3.4 and Para 3.5) have different Product failure mode isolation task
requirements), then it is necessary to split the on-Product FMG into a single FMG for each
identified on-Product failure mode isolation task.
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Product installation
Equipment location
On Product symptoms
. B Hardware
EquipmentA element Y On Product
Corrective Maintenance
Task Requirement
Failure mode Failure mode
grouping result grouping result On Product
| failtre mode isolation

task requirement

EquipmentA

Failure Mode

Gty Symptoms signature 1
) HW elementY -
Discard Failure Mode | — R€Place equipment
S Failure mode isolation 1
Equipment A
Failure Mode
e System/function
Repair 1 element
Aggregated
element Z l

Failure mode
grouping result

Syst/Func failure mode 1 ‘
Syst/Func failure mode 2 . Symptoms signature 1
5 | System/function
Syst/Func failure mode .. Failure Mode |———p Restore electric circuit #123

Syst/Func failure mode .. | Group 2

Syst/Func failure mode n |

Failure mode isolation 2

ICN-B6865-S3000L0161-001-01
Fig 16 On-Product failure mode grouping, including failure mode isolation tasks

Fig 16 shows that the on-Product FMG 1A defined for Hardware element Y and the on-Product
FMG 2 defined for system/function Aggregated element Z have the same symptoms signature,
and therefore require additional on-Product failure mode isolation tasks.

The documentation of on-Product failure mode isolation task requirements can include
references and additional descriptive information, for example:

— references to technical documents that must or can be used during the on-Product failure
mode isolation task (eg, technical plan, wiring diagram, interface description)

— possible crosschecks that can help to isolate the on-Product failure mode. Such
crosschecks are useful for identifying the sources of common causes for on-Product failure
modes. It is also advisable to document the symptoms to be monitored or recorded during
these crosschecks.

— measurements to be carried out to check the physical and/or functional characteristics of
the item under analysis, including:

e test equipment required to perform these measurements
e expected values for each measurement, and signification of unexpected measures

There can be a requirement to assign more than one on-Product failure mode isolation task to
one on-Product FMG. This translates into the need to narrow down the possible on-Product
failure modes that have led to the same symptoms for multiple on-Product FMG.
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3.7 Validation test
At Product level, it is not always possible to identify the faulty component (installed equipment,
equipment installation, general installation detail, etc.) unambiguously. Sometimes, the
component can be part of a group of components that have the same set of symptoms. This
group of components is called an ambiguity group. Depending on the circumstances, (eg,
requirement to restore Product's availability as fast as possible), the corrective maintenance
tasks are applied even if the component actually at fault has not been definitely identified.
Sometimes, the detection can have a degree of uncertainty (eg, a BIT on-Product level can
have a high false alarm rate). Sometimes, the isolation test tasks possible at Product level are
not good enough.
In these cases, there is a need to confirm the Product has been successfully repaired. This
action is often called validation test task, and it consists in verifying that all symptoms have
disappeared. There are different types of validation test task requirements, for example a BIT, a
measurement, a functional test or an inspection. Regarding validation tests, the on-Product
corrective maintenance task analysis consists in identifying all means available for each on-
Product FMG to ensure that the symptoms have disappeared. During the repair process of the
Product, a validation test will be defined using an optimized combination of means
corresponding to all on-Product FMG. It is necessary to document the corresponding Product
validation test requirement.
3.8 Inputs
The following inputs are required in order to perform the on-Product corrective maintenance
analysis:
- CIL
—  Product breakdown structures
— drawings, 3D models etc.
— system/functional FMEA
— equipment corrective maintenance analysis results for each Product equipment and the
relevant FMG symptoms
3.9 Outputs
The following output will be recorded during equipment corrective maintenance analysis:
—  On-Product FMG and their:
e associated equipment FMG
e associated installation details and structure failure modes
e symptoms
e corrective maintenance task requirements
o failure mode isolation task requirements
e Product validation test task requirements
4 Relevant elements of the S3000L data model
The following Units of Functionality (UoF) support the documentation of the data associated to
this chapter. Refer to Chap 19:
—  S3000L UoF Environment Definition
— S3000L UoF LSA Candidate
—  S3000L UoF Failure Mode
— S3000L UoF LSA Failure Mode Group
— S3000L UoF Failure Mode Symptom
— S3000L UoF Failure Mode Isolation
— S3000L UoF Task Requirement
Applicable to: All S3000L-A-07-00-0000-00A-040A-A
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Chapter 8

Damage and special event analysis
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improving preventive maintenance

1 General

The overall maintenance concept must include any maintenance activity that must be performed
after damage or special events occur during normal Product operation.

1.1 Purpose
This chapter aims at providing a method for the identification and justification of maintenance
tasks needed after damage or a special event. The analysis process described in this chapter
derives as much as possible from the analytic process included in S4000P.

Considering that damage and special events can also occur on a new Product, in-service
feedback on similar Products can help identifying appropriate maintenance task requirements.

1.2 Scope
Special events and damage can occur throughout the service life of a Product. This analysis
process aims to anticipate the required maintenance task to rectify the special event or the

damage.

1.3 Terms, abbreviations and acronyms
Table 2 provides the definitions of the terms that are specific to damage and special event
analysis.
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Table 2 Terms, abbreviations and acronyms

Term Definition

Damage A loss or reduction of functionality, excluding inherent failure (intrinsic
reliabilities). It normally requires a maintenance task. It is possible to group
different types of damage into families. For example, scratches, dents and
cracks are typical structural damage. These damage families are
candidates for standard repair procedures.

External cause A cause is external when an event independent of Product usage occurs.
Internal cause A cause is internal when it is a result of Product use.

Special event A special event occurs during a Product's life and cannot be considered as
normal operation. It can be due either to external causes (eg,
meteorological phenomenon) or due to abnormal use (eg, over-G
maneuver of an aircraft).

2 Special event analysis

2.1 Special event analysis logic
Special event analysis identifies maintenance task requirements that are justified by the
occurrence of special events. Refer to Fig 1.

Identify and document special events to be
considered (covering internal and external causes)

A

Document results of the preventive

. . Input from preventive
maintenance analysis

maintenance analysis:
= for each relevant special event,
document corresponding PMTRE

A

Preventive Maintenance Task
Requirements Event (PMTRE)

= for each relevant special event, (refer to S4000P)

identify impacted Product components

For each special event and its associated impacts on
LSA candidates, analyse potential corrective
maintenance task requirements and acceptable
damage size

For each special event, document and organize the

full set of maintenance task requirements (PMTRE

and corrective maintenance task requirements) and
acceptable damage size

ICN-B6865-S3000L0068-003-01
Fig 1 General flow chart of special event analysis logic

2.2 Special event analysis process
The special event analysis process involves the following activities:

— the identification of relevant special events, refer to Para 2.2.1
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— the identification of systems, subsystems, equipment, structural items and zones that the
special event can affect, refer to Para 2.2.2

— adescription of the impact of a special event and identification of the Preventive
Maintenance Task Requirements Event (PMTRE), refer to Para 2.2.3

— the identification of the potential corrective maintenance task requirements, including data
on acceptable level of damage, refer to Para 2.2.4

— the creation of the full set of PMTRE and corrective maintenance task requirements and
acceptable level of damage for each special event, refer to Para 2.2.5

Identification of special events

The basis for this analysis process is a simple Product usage analysis. It identifies the relevant
special events and their specific causes (refer to Table 3) in the context of the Product usage
phases. This process follows five steps:

Step 1: List the different causes that can produce a special event.

Special events can occur due to external or internal causes, and other elements can affect
them, including natural phenomena or humans. Table 3 provides examples of different types of
causes. It is recommended to develop a specific table for each project to identify the relevant
special events for the Product in use and for the operational environment.

Table 3 Examples of causes of special events

Types of causes Examples

External Natural phenomena - Meteorological (eg, lightning strike, hail)
causes - Animal (eg, bird strike)
-  Stones, trees, etc.
Caused by humans - Threat of combat
- Material maneuver
Caused by operating - Electromagnetic field
environment - Salt, sand or pollution laden atmosphere
Caused by transport - Shocks, movements and vibrations
and storage conditions - Humidity
(eg, sea, air, truck, rail) o
- Depressurization
Internal Caused by misuse - Over operational limits like "hard landing",
causes "over-G maneuver"

Caused by internal
dysfunction

Excessive heat
Excessive pressure
Excessive vibration

Step 2: Identify the Product usage phases.

Product usage phases are, for example, operation, maintenance, storage or transport. If
necessary, it is possible to divide usage phases further into sub-phases. For example, the
usage phase for an aircraft can be subdivided into the sub-phases take off, cruise flight and

landing.

Step 3: Apply the type of causes to the different Product usage phases to identify all possible
special events.
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Examples of special events due to an external cause include, but are not limited to:

— impacts on external skin due to cargo handling equipment during transportation preparation
— multiple impacts due to hail during outside parking of a vehicle

— water entrapment caused by heavy rain due to a leak during outside parking of a vehicle

— impacts on inner external skin due to a debris on a runway during take off

— lightning strike on an aircraft during cruise flight or parking

Examples of special events due to an internal cause include, but are not limited to:

— excessive stress on a tank structure due to dysfunction of the pressure relief valve during a
refueling operation on ground

— excessive temperature in a bay in case of warm air leak during operation

— over-G maneuver of an aircraft during a training flight

— an unexpected wear of mechanical parts during operation

Step 4: Analyze each possible special event in order to determine its probability of occurrence.

It is possible to apply a quantitative approach based on feedback from previous similar Product
usage scenarios or by statistics (eg, the average or actual number of bird strikes happening
every year at a specific airport).

If it is not possible to obtain sufficient statistics, it is possible to apply a qualitative approach
(refer to Table 4) or a simple description. For this approach, take into account the hypothesis
defined by establishing product usage data within Chap 3.

Table 4 Example of probability rating of occurrence of special events

Rating Occurrence Description

1 Extremely unlikely A special event whose probability of occurrence is
essentially zero

2 Remote likelihood A special event whose probability of occurrence is unlikely.
Rare numbers of special events are likely to happen.

3 Occasional A special event whose probability of occurrence is
occasional. A few special events are likely to happen.

4 Reasonably probable A special event whose probability of occurrence is moderate.
A certain number of special events are likely to happen (to
be determined project specific)

5 Frequent A special event whose probability of occurrence is very high.
This special event is almost certain to occur.

Step 5: Depending on the occurrence rating from Step 4, it is necessary to determine whether
the special event is relevant for further analysis. If so, refer to Para 2.2.2. If not, document the
decision. It is possible to use the rating level to determine a threshold for tailoring analysis
activities.

2.2.2 Identification of impacted LSA candidates
The following questions determine the impact on the Product for each relevant special event:

—  Which systems/subsystems does the special event under analysis affect?

—  Which structural components of the Product does the special event under analysis affect?
— Which equipment does the special event under analysis affect?

—  Which Product zones does the special event under analysis affect?
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2.2.3

2.2.4

2.2.5

2.3

The results associated to each special event provide input for more detailed analysis to
determine the impact of the special event and the PMTRE. Refer to Para 2.2.3.

Identification of special event impacts and PMTRE
All relevant special events are analyzed in detail to identify their impact and to determine an
applicable and effective PMTRE (refer to S4000P).

For each relevant special event, the LSA data must document the following aspects:

— For each affected system or subsystem: Description of expected impacts on complete
systems/subsystems, and identification of applicable and effective PMTRE.

— For each affected Product structure: Description of expected impacts on Product structure
(including structural items, Structure Significant Items (SSI) and Significant Details (SD)),
and identification of applicable and effective PMTRE.

— For each affected piece of equipment: Description of expected impacts on equipment
(considering their specific installation locations), and identification of applicable and
effective PMTRE.

— For each affected zone: Description of expected impacts on complete zones, and
identification of applicable and effective PMTRE.

Note
If the special event analysis method following S4000P is not applicable to a project, it is
necessary to identify another method.

Identification of acceptable damage and corrective maintenance task

For all relevant special events, determine a possible corrective maintenance task requirements
and a corresponding acceptable level of damage. This holds for all impacted LSA candidates,
regardless of whether they are systems/subsystems, a Product structure or a piece of
equipment. The corrective maintenance task requirements identified for the corresponding LSA
candidates can justify a standard repair or a specific damage repair task.

Note
The following aspects influence the identification of an acceptable level of damage:

¢ the damage does not exceed an acceptable limit = no need to repair the item
immediately

e the damage exceeds an acceptable limit and needs a corresponding repair (standard
or specific)

Full set of information for special events
Finally, it is necessary to document the full set of data/information for each special event. This
includes:

— impacted LSA candidates and corresponding impacts
— identified PMTRE

— identified corrective maintenance task requirements
— information on acceptable damage limits

For each special event, the full set of information is the input for the MTA, as described in
Chap 12.

Special event analysis process - inputs
The special event analysis requires a set of inputs, which includes at least:

— Suitable Product breakdown is available: A Product breakdown provides a structured
representation of the Product. Refer to Chap 4.
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2.4

— Description of Product use: An Operational Requirements Document (ORD) and/or a
Customer Requirements Document (CRD) describe in detail the Product use. These
documents provide information about project-specific operational and maintenance
environment. Refer to Chap 3.

Note
If an ORD and/or CRD is not available for a project, it is necessary to document the
description of Product use in an alternative way.

— Statistical data on special events: Data can be based, for example, on feedback from
current or previous similar projects that quantify the occurrences of special events.

— Inputs from Preventive Maintenance Analysis (PMA): Applicable and effective PMTRE (refer
to S4000P) and special event impact in the context of potential damage caused by a special
event.

Special event analysis process - outputs

A tabular report is one of the possible outputs of the special event analysis. Such report
provides all data/information developed during the special event analysis, in a structured and
readable format. In order to keep the traceability of the identified maintenance task
requirements and their baselining analyses, it is recommended to record these results as part of
the LSA data.

Fig 2 provides a simple example of a tabular report approach, which documents the results of a
special event analysis process. Table 5 contains an explanation of the content of each column.
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Lightning strike Remote Equipment AA Damage of PMTRE-01 Damage repair for N/A
likelyhood equipment AA Inspection AAL equipment AA
required
Structural Damage of PMTRE-02 Standard repair N/A
element 51 structural Inspection S1A procedure XY for
element S1 required structural element
type SE-003.

ICN-B6865-S3000L0069-003-01
Fig 2 Example on a special event analysis tabular report

It is recommended to adapt the tabular report as shown in Fig 2 to meet project specific
requirements.

Note
Although not shown in Fig 2, it is recommended to include additional information in the
report, for example release date, issue number, author's name, approval signatures and
information required for the identification of the maintenance task.
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Table 5 Explanation on the tabular report for a special event analysis

Column  Description

1 Special event description

The special event is described by a complete name. The special event can affect
more than one element of the breakdown structure. In this case, identify each
element on a different line.

2 Probability of special event occurrence
The rating and description of the occurrence.

3 Product item (LSA candidates) impacted

Element name. The breakdown element identifier can follow the element name. It
is possible to group some elements (typically structural elements) into families in
order to minimize the number of entries in the table.

4 Special event impacts or damage description

A short description of impacts and potential damage. If there are multiple
impacts/damage that can affect the same element, identify each impact/damage
on a different line.

5 Preventive Maintenance Task Requirement Event (PMTRE)

PMTRE includes all task requirements to consider after a special event has
occurred, in order to check if any element needs to be repaired/restored before re-
entry into service.

6 Corrective maintenance task requirement

A short summary or title including the type of maintenance task requirement and
the element involved. If more than one maintenance task is needed to cover the
same special event, identify each task on a different line. Conversely, the same

maintenance task can address more than one special event. This is typically the
case of a standard repair procedure.

7 Acceptable level of damage description

A qualitative or quantitative description of damage that can remain without repair,
and damage that can be repaired.

3 Damage analysis

3.1 Damage analysis logic
The damage analysis process identifies relevant damage and the corresponding corrective
maintenance task requirements to repair a detected damage. Refer to Fig 3.

Applicable to: Al S3000L-A-08-00-0000-00A-040A-A
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Identify all possible
damages which can
occur on relevant LSA
candidates which can be
systems/subsystems,
components/equipment,
structural items (1)

Damage identification by preventive maintenance analysis

and/or special event analysis, refer to S4000P

Damage identification by a Health and Usage Monitoring

r

System (HUMS)

Damage identification during servicing, corrective

A

maintenance or operational support tasks

<—| Damage identification by technology approach

() Damages can also impact LSA candidate families
(eg, a specific type of wiring like coax cables)

A

Conduct damage
assessment to select as
relevant for further analysis

4—{ Technology approach

A 4

Conduct damage analysis
to identify acceptable
damage size

Identify and document corrective maintenance task
requirements for each documented damage @

(2) A corrective maintenance task requirement fordamages can be covered
by specific repair tasks, but also by standard repair procedures.

ICN-B6865-S3000L0146-001-01
Fig 3 General flow chart for damage analysis logic

3.2 Damage analysis process
The damage analysis process involves the following activities:
— damage identification, refer to Para 3.2.1
— damage analysis to identify the allowable level of damage, refer to Para 3.2.2
— damage analysis to identify the corrective maintenance task requirements, refer to
Para 3.2.3
3.2.1 Identification of relevant damage
The ways to identify the relevant damage to be considered include, but are not limited to:
— PMA activities in the context of Preventive Maintenance Task Requirements (PMTR)
definition, refer to S4000P
— The technology approach, refer to Para 3.2.1.3
3.21.1 Identification of relevant damage by preventive maintenance analysis

PMA activities include analysis processes that identify the Preventive Maintenance Task
Requirements Interval (PMTRI). Refer to S4000P:

— system analysis
— structure analysis
— zonal analysis

Each analysis process listed above can identify relevant damage on Product items as potential
failure causes. This damage requires preventive maintenance in order to avoid functional
failures that can lead to critical situations regarding operational safety, mission accomplishment,
environmental integrity, or economic factors. This potential damage also requires corrective
maintenance and information regarding the acceptable level of damage.

S3000L-A-08-00-0000-00A-040A-A
Chap 8
2021-04-30 Page 9
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3.21.2

3.2.1.3

Within PMA activities, there is an additional analysis process to identify PMTRE, refer to
S4000P.

Special event analysis

The special event analysis process can identify relevant damage on Product items as a
potential consequence caused by a special event. This damage requires preventive
maintenance to avoid the risk of using the Product in an unsafe or unclear condition after a
special event has occurred. This potential damage also requires corrective maintenance and
information regarding the acceptable level of damage.

Note
Para 3.2.1.3 describes a further analysis method, which uses a technology approach. It is
also possible to use this method to evaluate the relevant damage modes identified by PMA
and requiring further analysis. This is helpful to limit analysis effort according to the project
requirements.

Identification or assessment of relevant damage by technology approach
The process described in this paragraph can serve two different purposes:

— the identification of the damage to consider for the identification of the corrective
maintenance task requirements (eg, if results of the PMA are not available for damage
identification)

— the evaluation of previously identified damage by the PMA to determine which damage is
relevant for further analysis, with a view to identifying the corrective maintenance task
requirements and the acceptable level of damage

The analysis process also evaluates the behavior of the technologies used in the Product
design. Different technologies can show significantly different behaviors with respect to the
impact of damage. The analysis approach identifies the technologies and analyzes them
thoroughly from two points of view:

— Is the technology well known or new?
— Is the technology tolerant or sensitive concerning damage?

Identify the potential damage to be considered using the following five step methodology:

Step 1: For all Product items (systems, subsystems, structural parts, equipment, components),
identify the technologies used and indicate the level of knowledge regarding their behavior.

Table 6 provides a qualitative approach to characterize this knowledge. The level of accuracy of
the rating can require some adjustments based on the project requirements.

Table 6 Example of technology behavior rating

Rating Technology behavior  Description
knowledge

1 Well known This technology has been used on many similar projects

2 Known This technology has been used on similar projects, but it
has been slightly modified for the intended project

3 New This technology has been already used on similar recent
projects, but little feedback is available, or the technology
is completely new

Step 2: Evaluate the sensitivity of the technology.

Applicable to: All S3000L-A-08-00-0000-00A-040A-A
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For each technology identified in Step 1, identify the possible damage types that can occur. For
example:

— general surface damage (eg, scratches, dents or cracks)

— breakage of structural components or controls

— tear off of connectors of electrical or data wiring

— corrosion on metallic parts (general, galvanic or other types of corrosion)
— stress corrosion on a metallic assembly with constraints installed

— delaminating or humidity absorption on composite material

Evaluate its sensitivity to damage types in relation with possible damage sources.

Table 7 provides a qualitative approach to characterize this sensitivity. The level of accuracy of
the rating can require some adjustments based on the project requirements.

Table 7 Example of damage sensitivity rating

Rating Sensitivity degree Description

1 Extremely low This technology has an extremely low chance of
damage during Product life

2 Low This technology has a low chance of damage during
Product life

3 Medium This technology has a medium chance of damage
during Product life

4 High This technology is likely to be damaged during Product
life

5 Extremely high This technology is very likely to be damaged during
Product life

Step 3: Select the association technology behavior/damage sensitivity relevant for further
analysis.

It is possible to identify a selection threshold by combining the technology behavior knowledge
rating and the technology sensitivity rating (refer to Fig 4). The selection threshold is adjustable
depending on the needs of the individual project.

Sensitivity
1 2 3 4 5
1 1 1 2 3 4
Technology
behavior 2 L ; . 3 B
3 2 3 4 4 4

ICN-B6865-S3000L0088-002-01
Fig 4 Example of a technology/damage evaluation rating
Step 4: For all items of the Product breakdown identified in the previous steps, analyze their

installation design and installation area in order to evaluate their exposure to the different
threats.

Applicable to: Al S3000L-A-08-00-0000-00A-040A-A
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For example, the level of exposure to corrosion depends on the location of the structural part.
Items in a landing gear bay are highly subject to corrosion, whereas to a significantly lesser
extent in watertight bays as they are opened rarely.

Step 5: Criticality analysis

In order to focus on the most significant damages, it is recommended that a criticality analysis
be considered. For each potentially damageable item, it is recommended to evaluate the
criticality in terms of impact on the Product operation using the following questions:

— Does the damage result in lowering safety level?
— Does the damage result in lowering availability?
— Does the damage result in faster deterioration?

Note
The list of questions can change to adapt to specific project needs.

Step 6: Using the results of the previous steps, decide which potentially damageable item is
relevant for further analysis.

3.2.2 Identification of allowable level of damage
The previous analysis steps identified and selected the Product breakdown items that can be
affected by damage during service life. These candidates can be either single items or families
of items, for example structural items, wiring or tubing in a circuit.
It is possible to analyze each selected item to determine the acceptable level of damage:
— Which damage level does not require any corrective maintenance or can be left as it is,
either with or without a cosmetic treatment?
— Which damage level can/must be repaired immediately by specific or standard repair
procedures?
— Which damage level leads to a final discard of the item?
Typically, design department experts perform this evaluation, which can be either qualitative or
gquantitative. It can be based on measurements, calculations, tests or best engineering
judgment.
3.2.3 Identification of corrective maintenance task requirements
At this point, it is necessary to analyze each significant item in order to determine the
corresponding corrective maintenance task requirements.
This analysis identifies the corrective maintenance tasks required to:
— detect and measure exactly each damage that can occur (eg, by visual inspection,
borescope inspection, non-destructive material testing like X-ray or eddy current inspection)
— restore the function of the item under analysis (eg, by standard repair task, refurbish task or
item replacement, if necessary)
Note
In addition to specific damage detection procedures, damage can also be detected during
normal Product operation, for example during routine inspections or corrective maintenance
tasks. It is also possible to implement a Health and Usage Monitoring System (HUMS). For
this purpose, it is necessary to install sensors or to carry out exact measurements that can
warn the operator on potential damage more effectively.
Note
It is possible to group some items into families, and the associated damage is a candidate
for standard repair procedures (eg, standard repair procedures for structural parts, standard
repair procedures for wiring).
Applicable to: All S3000L-A-08-00-0000-00A-040A-A

Chap 8

DMC-S3000L-A-08-00-0000-00A-040A-A_003-00_EN-US.docx 2021-04-30 Page 12



S3000L-B6865-03000-00

sa000”

3.3 Damage analysis process - inputs
Damage analysis requires the following inputs:

— Product definition: Suitable Product breakdown available, including information about
technologies used within the different Product elements (eg, systems, subsystems,
structural items, equipment and/or components).

— inputs from PMA: Potential damages which can be identified as failure causes for functional
failures or potential damage as a consequence of special events

3.4 Damage analysis process - outputs
A tabular report is one of the possible outputs of the damage analysis. Such report provides all
the data/information developed during the damage analysis process, in a structured and
readable format. In order to keep the traceability of the identified maintenance task
requirements and their baselining analyses, it is recommended that these results be recorded,
as part of the LSA data.

Fig 5 provides an example of a damage analysis tabular report. Table 8 provides a description
of each column.
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1 2 3 4 5
Car fender Minor + Damage not safety critical Scratch just on the surface, Cosmetic standard
scratch + Damage not operational critical metallic structure not visible, repair task (painting)
+ Cosmetic repair required basic painting not impacted
Heavy + Damage not safety critical Scratch goes down to the Verification of scratch
scratch + Damage not operational critical metallic structure, painting depth
+ Damage must be repaired within 2 | completely removed, risk of Standard repair task to
weeks to prevent corrosionimpact | corrosiongiven correct deep scratches
ICN-B6865-S3000L0147-001-01
Fig 5 Example of damage analysis tabular report
The tabular report above needs some adjustment to meet the project specific requirements.
Note
Although not shown in Fig 5, it is recommended that additional information be included in
the report, for example release date, issue number, author’s name, approval signatures and
information required for the identification of the maintenance task.
Table 8 Explanations of the example of damage analysis tabular report
Column  Description
1 Product item (system, subsystem, structural item, equipment, component)
Element name. This element name can be followed by its breakdown element
identifier. It is possible to group some elements (typically structural elements) into
families in order to minimize the number of entries in the table.
Applicable to: All S3000L-A-08-00-0000-00A-040A-A
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Description

2 Damage description
A short description of damage. If different types of damage can affect the same
element, identify each type on a different line.

3 Damage assessment description
A list of qualitative or quantitative elements that supports the decision to select or
discard a case.

4 Allowable level of damage
There can be more than one value. The value of damage that can be left as it is,
and value of damage that can undergo maintenance.

5 Corrective maintenance task requirements
A short summary or title including the type of maintenance task and the element to
which the maintenance task is applied. If more than one maintenance task is
needed for the same item, identify each task on a different line. Conversely, the
same maintenance task can address more than one item. This is typically the case
of a standard repair procedure.

4 Influence on design

Damage and the impact of special events can have significant influence on Product operation
and availability. Normally, it is not possible to prevent damage and special events from
occurring at all. However, the reduction/limitation of the impact of damage and special events
must be a common goal of design and development and supportability engineering. For this
purpose, there is a need to consider the potential impact of damage and special events already
during the early phases of Product design. Examples to improve the tolerance against damage
and special events include, but are not limited to:

— if the damage tolerance is low and the Product is operated under rough conditions, consider
the use of highly sophisticated technology. Consider using different technology if the risk of
damage is too high for sensitive technology used under rough conditions.

— enhance protection for outside structural items which have a high probability of being
affected by damage

— design protections for sensitive equipment (eg, covers, appropriate mounting, padding)

— improve storage and transport conditions of the Product or Product components by a
corresponding robust design or by appropriate means of transport

— improve accessibility to ease visual or other inspections in case you suspect damage has
occurred

— prefer the use of standardized components with well-known technology which can easily be
repaired by simple standard repair procedures

5 Relevant elements of the S3000L data model

The following Units of Functionality (UoF) support the documentation of the data associated to
this chapter. Refer to Chap 19:

— S3000L UoF Damage Definition

— S3000L UoF Environment Definition
— S3000L UoF Product Usage Context
— S3000L UoF Product Usage Phase
— S3000L UoF Special Event

— S3000L UoF Task Requirement

— S3000L UoF Task Usage

— S3000L UoF Time Limit

Applicable to: All S3000L-A-08-00-0000-00A-040A-A
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Chapter 9

Operational support analysis
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1 General

1.1 Introduction
With respect to Product operation and handling, there are additional aspects to be considered
beside Product maintenance and repair activities. Operational support tasks include activities
performed in areas other than the area where the Product is used (documented in operating
instructions) or maintained (documented in a maintenance manual). However, these tasks can
be vital for the proper usage of any Product. Operational support tasks influence many aspects,
including ease of operation, usability, flexibility of usage, or mobility. There is a thin line between
Product use and operational support tasks. This line changes on a project basis and it is
necessary to document these aspects. Sometimes it is difficult to determine whether a task
relates to use or operational support.
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ICN-B6865-S3000L0039-002-01
Fig 1 Operational support tasks within technical publications

All tasks identified by the operational support analysis will fill a possible gap between user
manual and maintenance manual. Refer to Fig 1. In any project, it is recommended to clarify at
an early stage who will be responsible for the supportability analysis and documentation for
operational support tasks.

Purpose

This chapter is a guideline for identifying relevant operational support activities. Its target
readers are support personnel responsible for analyzing the relevant operational support tasks.
Para 4 includes a detailed list of potential activities to support analysts.

Scope

This chapter provides details and examples on the most common operational support tasks.
There can be more activities, especially in relation to environmental conditions (eg, preparation
for transportation under extreme climatic conditions such as an arctic environment). Each
example includes a short description and underlines specific aspects to be considered.

Terms, abbreviations and acronyms
Definitions that are specific to operational support analysis are given in Table 2. Chap 21
provides the complete set of LSA terms, abbreviations, and acronyms.

Table 2 Terms, abbreviations and acronyms

Term Definition

Operational In Product operation, any support activity that fulfils task requirements,
support task such as servicing or Packaging, Handling, Storage and Transportation
(PHST) requirements

Operational support tasks

An important aspect of supportability analysis activities is the identification of operational
support tasks, including the requirements for personnel, support equipment, consumables,
spare parts, facilities and required training. Some tasks must be considered early in the design
and development process. Some tasks can be considered later, for example when a prototype
for the Item Under Analysis (IUA) is available.

Applicable to: All S3000L-A-09-00-0000-00A-040A-A
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Activities in supporting Product use

211 Preparation for usage

The tasks required to prepare a Product for usage/operation can include, for example, the
exchange of equipment to provide a special capability (also referred to as role change). Product
modification can occur by changing some pieces of equipment. Additionally, peripheral
Products/components must be prepared for proper usage.

Typical preparation tasks include servicing tasks, like cleaning a windshield before driving.
Other typical preparation tasks are the complete conversion of a Product for another use as the
change of the tooling within a machine to produce a new product line. Typical examples of tasks
concerning preparation for use and included in operational support analysis are:

— preparation of machines for a new production segment (eg, change in tooling and dies)
change of vehicle category (eg, a passenger vehicle turned into an ambulance)
preparation of an aircraft for a reconnaissance mission by means of special equipment
preparation of a ship including the required equipment for sailing

21.2 Servicing
The term servicing can describe a wide range of tasks performed on a Product, also in
connection with Product preparation for use. Refer to Fig 2. Other servicing activities include
handling Products after usage or maintaining them. This can include, for example, a simple
visual inspection for foreign objects during washing or cleaning procedures, as well as simple
visual inspections to detect any damage or assess the equipment general conditions (eg,
condition of tires).

Washing Cleaning Polishing Upkeep Preservation
Fuels / liquids Lubrication Qil change C.hECk of Rinsing
fill levels
Draining Bleeding Desalination Visual checks others ...

ICN-B6865-S3000L0040-002-01
Fig 2 Typical servicing tasks

Maintenance Task Analysis (MTA) must include servicing tasks, if existing. Refer to Chap 12.
Servicing tasks can have an important impact on resources such as personnel, support
equipment (eg, for lubrication), consumables and facilities (eg, washing facilities with oil/water
separator and water recycling equipment). Typical examples for servicing tasks are:

— washing an engine

— gear lubrication

— changing engine oil

— product polishing and subsequent preservation
— brake bleeding

— changing hydraulic liquid

— replenishing fluids

— desalination and equipment rinsing after diving

2.1.3 Adjusting
This type of task can also be performed in connection with Product preparation for usage. There
are no changes in Product functionality, but precision and quality are evaluated as preconditions
for Product usage. Typical examples of adjustment tasks are:

— leveling of the entire Product as a basic task

Applicable to: All S3000L-A-09-00-0000-00A-040A-A
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— calibration of measuring instruments
— adjustment of gun sight

2.1.4 Weighing
The analysis of weighing tasks involves the preparation of the IUA for weighing and the relevant
weighing procedure. This includes information on the weighing equipment. The contractor and
the customer must define and agree on the purpose of the weighing procedure (eg, to prepare a
mission or prove compliance to Product specification requirements).

2.15 Loading and unloading
It is necessary to analyze loading and unloading procedures for each Product that can be used
for cargo transportation. This information must be collected at an early stage of the life cycle
development. It is necessary to provide examples of loading and offloading techniques, interior
layout, floor loadings, location and strength of lashing points, stowing and securing methods,
capacities and dimensions of compartment and doors. Analysis questions include, but are not
limited to:

— What kind of cargo will be transported?

— Which size and weight parameters must be considered?

— Is the expected cargo sensitive to special impacts (acceleration, magnetic or electric fields,
pushes, humidity, etc)?

— Is the cargo critical or even dangerous in case of improper handling?

— What type of cargo securing (eg, lashing and lashing points, stowing) is required?

— Will a cargo container concept be employed?

— Does the type of load require special loading devices (eg, rolling devices)?

It is also necessary to address the requirements for special support equipment for loading and
unloading.

— Do loading/unloading operations require special support equipment or vehicles?
— Is special support equipment required to secure the cargo?

2.2 Packaging, handling, storage and transportation aspects
Fig 3 shows an overview of PHST activities/aspects which must be considered for both, the
Product and Product components like equipment or assemblies.

Packing Conservation Safety precautions Storage Transportation
Towing Parking Winching Stacking Mooring
Securing Shoring Container concept Lifting others ...

ICN-B6865-S3000L0041-002-01
Fig 3 Typical PHST tasks

221 Packaging and unpacking
A packaging concept for IUAs and/or components includes, but is not limited to:

— Is packaging required for short-term storage and/or long-term storage?

— Is packaging required for transportation and what is the type of transportation?

— Is a special container required for storage or transport?

— Is special preservation required because of extreme climatic conditions during storage or
transportation (eg, sea transport)?

Applicable to: All S3000L-A-09-00-0000-00A-040A-A
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— Isitrequired to unpack and repack the IUA during transportation or storage, for example, to
perform maintenance activities (eg, storage tasks)?

— What is required for the unpacking and removal of preservation concerning support
equipment and facilities?

22.2 Handling
Handling tasks for the IUA can include but are not limited to:

— safety precautions and limitations due to handling

— instructions to park, tow, winch or move the IUA for uncommon usage

— instructions to jack the IUA, including jacking points, required adapters, supports for special
components, balance weights, jacking procedures

— additional equipment and materials required when handling the IUA (eg, tow bars or cables)

2.2.3 Storage
It is necessary to analyze and document storage procedures to guarantee product functionality
during and after storage. The analysis will consider the following aspects:

— Is the required storage long term or short term?

— Is the Product/component to be stored sensitive?

— Is it necessary to remove components from the Product to be stored and to store these
components separately under special conditions?

— What type of inspection and preventive maintenance are required to safeguard structural
and Product integrity during storage (eg, wheel rotation, power source, engine running or
pressure checks)? Provide a timescale for maintenance during storage.

— Are extreme climatic conditions expected during storage (heat, frost, humidity)?

— Are there any special techniques required before storing the Product (eg, cleaning and
preservation, fluid system draining/replenishing, static grounding, protective blanking,
removal of special components)?

— Are there any special techniques required to retrieve the Product from storage and bring it
into operation (eg, cleaning and removing preservation devices, fluid system replenishing,
re-installation of special components, functional checks, preparation for usage)?

— What kind of securing is required during storage (eg, mooring, blocking of movable
components, and protection from light)?

— Isit necessary to consider the storage time in connection with the life of the stored
Product/component?

224 Stacking
Stacking is a special aspect of storage and transportation of any Product/component. It is
essential to address stacking safety requirements for storage or transportation. For example,
the impact of external events such as pushing must be analyzed for storage.

225 Lifting
Lifting operations must include all necessary procedures to lift the IUA with relevant hoist
devices, cranes, jacks or slings in case of:

— lifting for transportation or loading purposes
— lifting for repair or maintenance purposes
— lifting for recovery

In addition to the complete Product, it is necessary to consider the lifting of components as well
(eg, lifting an aircraft engine).

2.2.6 Transportation
Based on customer requirements, the analysis of Product transportability must include:

Applicable to: All S3000L-A-09-00-0000-00A-040A-A
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227

2.2.8

2.3

2.4

2.5

2.6

— How much work is necessary and how long does it take to prepare the Product for
transportation and recovery after transportation?

— What are the requirements for preparation for transportation and for recovery after
transportation concerning personnel, tools, consumables, and facilities?

— What are the additional environmental requirements for transportation under special
conditions (eg, extreme climatic conditions, including desert environments, humidity, heat,
frost and transportation by sea)?

— What are the additional safety requirements for transport under special conditions (eg,
loading securing within a transport aircraft)?

— What are the required servicing activities during transportation (especially during long
journeys)?

— Isit necessary to remove components for transportation or to disassemble the entire [UA
down to a specific level?

— Should a container concept be considered?

— Can sledges and/or pallets be used?

Mooring

Analysis of mooring tasks for the IUA must consider all weather conditions and any means of
transportation. Mooring can be either long-term or short-term. The purpose of this activity is to
tie down or secure by other means the IUA to the ground or within a vehicle to avoid any
damage. The analysis must also include information on special techniques applicable to
ballasting, definition of lashing points and installation/use of special support equipment
applicable to mooring.

Shoring
Shoring analysis must include shoring points, procedures and equipment used during
maintenance, repair and recovery.

Role change

A Product can be used in different contexts (eg, a transport/cargo helicopter). In this case, the
operational support tasks focus on the tasks aimed at changing the configuration of the Product
to facilitate its use in a specific context (eg, removal of seats, removal of intercommunications
apparel and installation of specific equipment and corresponding fixing parts).

Deployment

Product deployment may need to take into consideration several tasks depending on the
complexity of the Product itself. It can also include a system of systems that contains several
Products. Deployment can relate to different activities, for example installation, transportation to
the operational area, as well as preparation, operation setup and test of functionalities before
operation. Therefore, the task analysis will vary for each Product based on aspects such as:

— operational scenario (eg, facility preparation, installation or preparation to operation,
personnel competence for Product deployment)

— transportation capability (eg, fixing procedures tasks, safety procedures)

— preparation to operation (eg, remote or local setup tasks, calibrating procedures, tuning
procedures)

Software and data aspects
Chap 13 addresses operations related to software support.

Product recovery
Recovery analysis must include any information on planned recovery procedures and the
support equipment required to recover any IUA from any condition that can affect it.

Product recovery during the testing phase must be addressed separately. It is important to
guarantee a fast reaction to any unexpected event that involves recovering the Product from an
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undesired condition. A recovery plan for all emergencies must be detailed to avoid endangering
personnel or the environment.

Recovery also includes rescue procedures or the safeguarding of an area after a catastrophic
event. All procedures that are necessary to rescue any Product after an accident must be
analyzed before the first use of the Product or a Product prototype. For example, an aircraft
performing its first flight marks a specific risk of a crash. All required activities after a potential
crash must be analyzed and documented carefully before the first use of the Product. The
analysis process must include recovery training to reduce the risk of extended damage to
personnel or the environment in case of a catastrophic event. All aspects must be covered,
including accidents on land, in water (eg, foundering and the need to salvage the ship) or within
areas that are difficult to access.

2.7 Special preventive maintenance
Chap 10 describes the handling of preventive maintenance in general terms. However,
servicing or preparation for use tasks can be preventive in nature, yet Preventive Maintenance
Analysis (PMA) does not identify them. Being performed frequently (eg, daily), these tasks can
have a high impact, for example on personnel requirements. Typical examples of tasks are:
— Visual check before use (eg, engine start)
— Visual check after special missions
— Preventive replenishment of fuel, fluids or other consumables to guarantee proper function
— Cleaning before or after each use

2.8 Disposal and recycling
Analysis concerning requirements after the Product life cycle is becoming increasingly
important. This includes both the disposal of the Product, and the handling of components and
consumables to be disposed during the Product life cycle. Refer to Chap 16.

2.9 Extraordinary operational support tasks
The analysis process must address extraordinary operational support tasks. Typical examples
are:
— Decontaminating a vehicle
— Disinfecting personnel before starting a job
— De-icing an aircraft or ship
— Checking electrical charge
— Checking the strength of magnetic fields during storage
— Completing paperwork for statistical purposes

3 Documenting operational support tasks

3.1 Data collection aspects
LSA data must document the identification of any operational support task requirement. To this
end, it is possible to use appropriate existing information codes from S1000D. It is
recommended that operational support tasks be documented at Product level or at the
appropriate breakdown level. As a matter of fact, use of a mixed physical/functional breakdown
provides the most flexibility. This supports the exchange of data with S1000D for technical
publications.

3.2 Operational and customer requirements as a source
In general, the requirements for operational support tasks can be derived from the operational
and customer requirements, which are collected and documented upon the gathering of Product
use data. Refer to Chap 3. As a first input for operational support analysis, it is recommended to
use the content of the relevant Operational Requirements Document (ORD) and Customer
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Requirements Document (CRD). Each aspect covered in the ORD or CRD concerning use of
the IUA can require an operational support task.

Checklist for operational support analysis
Table 3 provides an alphabetical checklist for potentially relevant activities.

Table 3 Checklist for support related operations analysis

Activity Analysis Probable high Probable high Probable
recommended at impact on impact on high
which phase requirements for requirements for impact on

facilities spegial support design
equipment

Adjusting When necessary No Possible No

Bleeding When necessary No No No

Calibration When necessary No Yes No

Checking When necessary No No Possible

Cleaning Early phase Yes Possible No

Conservation Early phase Yes Possible No

Container When necessary No No Possible

concept

Conservation Early phase Yes No No

removal

Desalination When necessary No No No

Disposal Early phase Possible Yes Yes

Draining When necessary No Possible Possible

Jacking Early phase Possible Yes Yes

Leveling Early phase Possible Possible No

Lifting Early phase Possible Yes Possible

Loading cargo  Early phase Yes Yes Yes

Loading data Early phase Yes Possible No

Loading When necessary No Possible No

Software

Lubrication When necessary No Possible Possible

Mooring When necessary No Yes Yes

Oil Change When necessary No No No

Packing When necessary  Possible Possible No

Parking When necessary  Possible Possible No

Polishing When necessary No Possible No
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Analysis Probable high Probable high Probable

recommended at impact on impact on high

which phase requirements for requirements for impact on

facilities speg:ial support design
equipment

Preservation Early phase Possible Possible No
Recovery Early phase No Possible Possible
Recycling When necessary  Possible Possible Yes
Replenishment  When necessary No Possible Possible
Rinsing When necessary  Possible No No
Safety _ Early phase Possible Possible No
precautions
Securing When necessary No Possible Possible
Shoring When necessary No Possible Possible
Stacking When necessary No Possible No
Storage Early phase Yes Possible No
Towing When necessary No Yes Possible
Transportation  Early phase Possible Yes Possible
Unloading cargo Early phase Possible Yes Yes
Unloading data When necessary No Possible No
Unloading When necessary No Possible No
Software
Unpacking Early phase Possible Yes No
Upkeep Early phase Possible Possible No
Washing Early phase Possible Possible No
Weighing Early phase Possible Yes No
Winching When necessary No Possible No

Associated parts of the S3000L data model

The documentation of the associated data to this chapter is supported by the following Units of
Functionality (UoF), refer to Chap 19:

— S3000L UoF Environment Definition
— S3000L UoF LSA Candidate
— S3000L UoF Product Usage Context
— S3000L UoF Task Requirement
— S3000L UoF Task Usage

— S3000L UoF Time Limit

Applicable to: All
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Chapter 10

Development of a preventive maintenance program
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General

Introduction

Product preventive maintenance comprises preventive maintenance at regular intervals and
maintenance due to unexpected special events. Preventive maintenance tasks initiated by an
interval (often referred to as scheduled maintenance) aim to achieve continued Product safety,
compliance with the law, protection of the environment, operational/mission availability, and
cost-effective feasibility during a Product’s in-service phase.

A PMTRI result from the application of analysis methodologies as described in other
specifications, for example in S4000P. PMTRI are allocated to relevant and effective scheduled
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1.2

1.3

211

task packages in order to implement an effective Preventive Maintenance Program (PMP) and
optimize the total preventive maintenance effort for a Product. If required, packaging rules and
solutions must comply with requirements from regulatory authorities.

S4000P specification provides an analysis methodology for special events, which generates
PMTRE. All relevant special events are identified during the LSA process. Refer to Chap 8.
After each special event, it is necessary to apply an analysis logic to identify an applicable and
effective set of PMTRE. This will ensure safety, compliance with the law, environmental
integrity, operational/mission availability and best economic feasibility for further Product use
after a special event. PMTRE are not included in the packaging process for PMTRI.

Purpose
The purpose of this chapter is to define the process, and describe basic rules for the packaging
of PMTRI to implement an effective PMP for the Product.

Note
Different projects, customers and companies use different terminology for PMP. Alternative
terms are Preventive Maintenance Plan (PMP), Operator Maintenance Program or
Operator Maintenance Plan (OMP), Scheduled Maintenance Program (SMP), all of them
having the same meaning.

Scope

This chapter describes the process and basic rules to adapt preventive maintenance intervals
and develop scheduled task packages based on all identified PMTRI. It is essential to ensure
traceability from each PMTRI to the resulting scheduled maintenance task within a scheduled
task package (and audit trail). Operator’s input and decisions determine the need to adapt
intervals for single PMTRI. Typically, customers/operators specify an interval target value for
each scheduled task package based on availability and/or economic requirements.

In addition to the above-mentioned packaging process, it is necessary to perform Maintenance
Task Analysis (MTA) on all scheduled maintenance task packages to get an estimate of the
Product's scheduled maintenance effort.

Development of PMTRI

General analysis processes
Existing specifications concerning the identification of preventive maintenance requirements
(such as S4000P, DEF-STAN 00-45 Part 3, ATA/A4A MSG-3, MIL-STD 1843, and MIL-STD
2173) contain three analysis processes covering the complete Product under analysis, along
with Product development activities:

— system analysis
— structure analysis
— zonal analysis

System analysis

The system analysis aims at developing applicable and effective PMTRI for Product systems,
subsystems and included equipment and components. The Product systems are analyzed in a
structured and transparent approach to prevent failures, which can be critical to safety,
compliance with the law, environmental integrity, operational/mission availability and high
economic damage. The central goal of system analysis is to identify effective and applicable
PMTRI to avoid such critical failures.

Refer to S4000P for extended information concerning the system analysis process.
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Chap 10

DMC-S3000L-A-10-00-0000-00A-040A-A_003-00_EN-US.docx 2021-04-30 Page 3



S3000L-B6865-03000-00

2.1.3

214

2.2
221

Structure analysis

The structure analysis aims to develop applicable and effective PMTRI for the mechanical
Product structure (eg, the body of land vehicles, airframes, or ship hulls). Based on the
consequences of their loss of function, there are three types of Product structure:

— structural components relevant for Product safety - Structure Significant Items (SSI)
— structural components with impact on Product maintenance
— structural components with no significant impact on Product operation

Refer to S4000P for further information concerning the structure analysis process.

Zonal analysis

The zonal analysis considers additional aspects not covered by system analysis or structure
analysis to identify further PMTRI assigned to a zone. It takes into account standard impact
parameters for a zone of a Product and gives appropriate attention to additional aspects as
required. As laid out in S4000P specification, the aspects to be considered include, but are not
limited to:

— susceptibility to damage for hardware located in a specific zone

— density of equipment within a zone

— sources of ignition in a zone (eg, caused by damages on electrical wiring)
— combustible material and/or vapor accumulation as a risk factor in a zone
— impact of lightning or High Intensity Radiated Fields (HIRF) within a zone

Refer to S4000P for further information concerning the zonal analysis process.

Additional sources for PMTRI
In addition to the identification of PMTRI based on analysis methodologies (included, for
example, in S4000P), there are further sources to justify a PMTRI, such as:

— Certification Maintenance Requirements (CMR) including (national/international) law
provisions and requirements from regulatory authorities

— requirements from Product safety analysis/Fault Tree Analysis (FTA)

— structural inspections related to material fatigue

— Original Equipment Manufacturer (OEM) recommendation/requirements (often a
prerequisite for warranty)

— best engineering judgment

— experience from other projects

— PMTRI selected by individual users

— recommended scheduled activities during storage periods

Time limits, thresholds and triggers for a scheduled task

General

Scheduled tasks are determined for PMTRI identified by PMA. For each scheduled task, it is
possible to assign different types of time limits, thresholds and triggers to:

— discrete time limits (eg, time limits which are performed only once)
— periodic time limits, divided in:

e initial time limit (specific interval for the first scheduled performance of a periodic task)
e repeat time limits (time limits repeated at specific intervals)

— Triggers and thresholds

Triggers and thresholds can be defined as parameter values (eg, 1000 operating hours) or
based on an event (eg, after performing a specific task, after a special event has occurred a
number of times).

Applicable to: All S3000L-A-10-00-0000-00A-040A-A
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222 Discrete time limit
A task satisfying a PMTRI that must be performed only once is characterized by a discrete time
limit. For example, a preventive maintenance task to check wheel nuts after a certain driving
distance or to check the torque of special screws after a certain time of Product usage. Refer to

Fig 1.
Check wheel nuts

after 500
kilometers

A /\
' \4
Discrete time limit i

[time, cycles, distance, efc...]

ICN-B6865-S3000L0043-003-01
Fig 1 Discrete time limit

2.2.3 Periodic time limit - repeat time limit
A task satisfying a PMTRI that must be performed repeatedly with a constant interval during the
lifetime of a Product is characterized by a repeat time limit. Therefore, it will have a repeated
threshold, known as a classical interval. Typical tasks are, for example, a periodic inspection or
a periodic servicing task, such as an engine oil change. Refer to Fig 2.

Inspection every Inspection every Inspection every
1000 operation hours 1000 operation hours 1000 operation hours

1<
1<
"V<>______

< [time, cycles, distance, etc...]'
Repeat time limit Repeat time limit Repeat time limit
ICN-B6865-S3000L0044-003-01
Fig 2 Repeat time limit
2.2.4 Periodic time limit - initial and repeat time limit in combination

A combination of initial and repeat time limits is a common Product maintenance practice, for
example, for Product structures. LSA data must document data for both time limits. Refer to Fig
3.

1stinspection after  Inspection every Inspection every Inspection every
500 cycles 1000 cycles 1000 cycles 1000 cycles

| A\ A\ VA A >
.—.\4—.\4—)/.—.\/ [time, cycles, distance, etc...]
Initial time Repeat time Repeat time Repeat time
limit limit limit limit
ICN-B6865-S3000L0045-003-01
Fig 3 A combination of tasks with initial and repeat time limits
The start of the repeat time limit depends on the maturity of the initial time limit and on the

experience gained from the efficiency of performing the corresponding preventive maintenance
task for the first time.
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Note
The examples from Fig 1 to Fig 3 show how to define a threshold using a numerical value
and a corresponding unit of measure. A second specialization is to refer to the number of
occurrences of an event to set a threshold (eg, occurrence of a special event, performance
of a specific task).

2.2.5 Trigger events
Defining a trigger event can lead to the need to change time limits during the complete Product
life cycle. A trigger event can be based on a numeric parameter or on the occurrences of an
event (eg, a task, a special event, or a failure). The trigger can modify a time limit, but also
change the type of scheduled maintenance task. Refer to Fig 4.

Inspection every Inspection every
1000 operation hours 750 operation hours
, A A A A N0 .
4—.4—Y.—¥._~_X_Y [time, cycles, distance, etc...]
Repeat Repeat Repeat el b
time limit time limit time limit R

i Updated repeat
! time limit after
i trigger event
Trigger event for the
update of the repeat

time limit

ICN-B6865-S3000L0046-003-01

Fig 4 Example of a trigger event

A typical use of a trigger event is the consideration of familiarization, learning phases and
phases occurring after a certain period in the life of a Product, if for example, deterioration
effects can force the implementation of modified PMTRI.

Note
Furthermore, a trigger event can terminate a PMTRI. This means there will not be any
preventive follow-on task after the trigger event.

2.2.6 More than one periodic time limit
Depending on the deterioration process affecting equipment and/or components of a Product, a
PMTRI can be limited to more than one threshold value. In several cases analysts define an
interval based on usage parallel to a calendar-based interval. This approach is often referred to
as a "whatever comes first" situation. In this case, the time limit that comes first during Product
usage is the one that triggers the corresponding scheduled maintenance task.

Example:

A Product manufacturer determines the need to change the engine oil of a vehicle either after
driving 20.000 kilometers (repeat time limit A), or after one calendar year (repeat time limit B).
Both thresholds are a factor in engine oil deterioration, and have different impact parameters.
For example, if the Product’s driven distance is only 8000 kilometers per year, the calendar-
based interval (1 year) launches the scheduled oil change. If the Product’s driven distance is
already 20.000 kilometers after only six months, the usage-based interval (20.000 kilometers)
launches the scheduled oil change. Refer to Fig 5.
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3.1

3.2

3.3

Oil change every Oil change every Oil change every
20.000 kilometers 20.000 kilometers 20.000 kilometers
, A A A :
“ ¥ :Q ¥ [driven distance]
Repeat time Repeat time Repeat time
limitA limitA limitA
Oil change Oil change Oil change Oil change
every year every year every year every year
, A A A A :
< ¥4 l/_ }é Y ... [calender time]
Repeat time Repeat time Repeat time Repeat time
limit B limit B limit B limit B

ICN-B6865-S3000L0111-002-01
Fig 5 More than one periodic time limit for a preventive maintenance task

PMTRI within the LSA

As described in Para 2, a PMTRI is developed on analytical basis (eg, based on S4000P). The
analysis methodologies use selection logic to identify applicable and effective preventive
maintenance task requirements. After a harmonization and consolidation phase (refer to
S4000P), LSA data document the remaining PMTRI based on system, structure and zonal
analysis (refer to Para 2.1.1, Para 2.1.2 and Para 2.1.3) and based on additional sources, refer
to Para 2.1.4.

PMTRI from system analysis

PMTRI identified by a system analysis are allocated to the impacted Breakdown Element (BE)
or part. The relevant system, subsystem, equipment or component represented by a BE or a
part within the LSA data becomes an LSA candidate.

PMTRI from structure analysis

To document PMTRI for structural items within the LSA data, it can be necessary to include
limited areas or Structural Details (SD) in the Product breakdown for the identified structural
items. Documenting an SD within the Product breakdown requires the creation of additional BE
representing structural areas. These additional LSA candidates are necessary to enable the
correct assignment of the identified PMTRI for these structural areas. Refer to S4000P.

PMTRI from zonal analysis
PMTRI identified during zonal analysis can be allocated to:

— the 3-dimensional zonal areas of the Product under analysis (Product zones)
— selected equipment/items of Product systems
— selected structural items of a Product

Product zones can comprise equipment and components from different systems and structural
items of a Product. It is possible that some selected Product zones only contain structural items.

It is recommended that a corresponding BE for each identified Product zone (eg, within an
applicable Product zonal plan) be assigned. In general, each zone is a potential LSA candidate.
As a matter of fact, the standard zonal analysis normally defines a General Visual Inspection

Applicable to: All S3000L-A-10-00-0000-00A-040A-A

Chap 10

DMC-S3000L-A-10-00-0000-00A-040A-A_003-00_EN-US.docx 2021-04-30 Page 7



S3000L-B6865-03000-00

3.4
34.1

3.4.2

(GVI) with a scheduled interval for each Product zone. The manufacturer and/or responsible
authorities must justify and agree to any exception.

PMTRI resulting from zonal analysis and allocated to selected equipment/items of Product
systems or to structural items of a Product are handled in the same way as the PMTRI resulting
from a system analysis or from a structure analysis.

LSA activities for a PMTRI

Criticality of the PMTRI

For each identified PMTRI, it is necessary to document the "worst-case" criticality of any
Functional Failure Effect (FFE) that can occur at Product system level, in order to enable the
packaging process described in Para 4 and ensure traceability at a later stage.

Note
It is possible to use a Functional Failure Effect Code (FFEC) assigned by S4000P analysis
activities as an example for the documentation of PMTRI criticality.

Scheduled maintenance task and MTA

All PMTRI allocated to LSA candidates subsequently drive the corresponding rectifying
scheduled maintenance tasks. In the LSA data, each PMTRI is linked to one or more scheduled
maintenance tasks. All these tasks undergo an MTA. Refer to Chap 12.

In case an MTA for a single scheduled maintenance task detects potential problems concerning
the applicability and effectiveness of the task, it is necessary to provide feedback to the analyst
responsible for the PMTRI development to clarify the origin of the assumptions related to task
applicability and effectiveness:

— PMTRI and criticality allocated to Product safety or not complying with the law or
environmental integrity = immediate feedback with urgent need for clarification

— PMTRI and criticality allocated to Product operational/mission availability or best economic
feasibility = feedback and request for clarification depending on contractual requirements
between user and manufacturer

Packaging for PMTRI

Packaging process overview

Fig 6 shows an overview of the entire process starting from PMTRI identification within an
analytical process (eg, based on S4000P) to a final harmonization in form of adequate master
task packages within a PMP. The figure illustrates which activities belong to development of
PMTRI (eg, based on S4000P) and those that fall within the scope of LSA. The general process
steps are:

— developing applicable and effective PMTRI

— assigning the PMTRI to corresponding LSA candidates within the Product breakdown

— assigning scheduled maintenance tasks to each harmonized PMTRI and a corresponding
LSA candidate

— performing an MTA for each scheduled maintenance task

— selecting all PMTRI/scheduled maintenance tasks relevant for packaging

— defining master task packages with corresponding master intervals

— assigning PMTRI/scheduled maintenance tasks to the master task packages

— defining appropriate LSA candidates within the Product breakdown for the allocation of
master task packages

— assigning master task packages to appropriate LSA candidates

— performing an MTA for the complete master task packages

Applicable to: All S3000L-A-10-00-0000-00A-040A-A
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Fig 6 Process overview from PMTRI to master task packages

Another aspect is traceability of a PMTRI. Fig 7 shows the complete traceability path, from the
original PMTRI (eg, developed in accordance with S4000P), via scheduled maintenance tasks
and final master task packages developed within the LSA process, to the final master task

packages documented within the corresponding technical publication. Finally, the master task

packages comprise the binding preventive maintenance activities to be performed during the
Product in-service phase.

Note
It is possible to apply the In-Service Maintenance Optimization (ISMQO) process described in
S4000P to optimize preventive maintenance at a later stage. For this purpose, correct and
complete documentation of the entire analysis chain shown in Fig 7 is of crucial importance.

Applicable to: All

DMC-S3000L-A-10-00-0000-00A-040A-A_003-00_EN-US.docx

S3000L-A-10-00-0000-00A-040A-A
Chap 10
2021-04-30 Page 9



S3000L-B6865-03000-00

$3000,

From the PMTRI to the Preventive Maintenance Program

PMTRI PMTRI «  PMTRI transfer to LSA PMP within
identification, consolidation, « Definition of scheduled maintenance tasks Technical
by Preventive from PMA and «  MTA per task Publication
Maintenance other sources + Master task packages with MTA per package
Analysis (PMA)
e W = E W & 2 3
‘l ‘.. S > B
S4000P°F 2 S30002° S100pF T2
System A
PMTRI PMTRI — Task = MTA PMTRI — Task = MTA
PMTRI —* Task = MTA
FMTRi 4 Task = MTA
Master task
System B package
Master task within
— Task = MTA |.
PMT:IRI PMTRI = . package | Technical
=2 MTA Publication
System C Example: (eg, S1000D
| Inspection after data modules)
PMTRI » PMTRI Task = MTA 1000 OH
T ______________ | 'y
System .. . other P
Master task

1 1

i |

PMTRI —— pMTRI —I: Task = MTA .~ packages |
P ] . 1

Task = MTA |- ‘- -

Traceability backwards from Preventive Maintenance Program to the original PMTRI

[__1 PMTRI from Preventive Maintenance Analysis process
|:| PMTRI from other sources

ICN-B6865-S3000L0067-004-01
Fig 7 From single PMTRI to completed PMP (and traceability back)

4.2 Preparation of packaging process

421 General aspects
In order to start an appropriate packaging process for all identified PMTRI, the Product
manufacturer must request information form the customer/operator whether the Product is
operated within the usage parameters determined by Product design and development.
Additionally, it is necessary to determine and document the process and the project-specific
rules for PMTRI packaging, for example, using a corresponding packaging guidance document.
It is recommended that the guidance document for the PMTRI packaging process detail at least
the following aspects:

— baseline usage scenario and potential deviations for specific customers/operators

— rules for the exclusion of a PMTRI/scheduled maintenance task from packaging

— decisions/predictions about interval unit of measure and parameter values for the master
task packages

— calculation rules for adaptation of interval unit of measure, if required

— rules for PMTRI allocation to a master task package

— responsibilities and degree of involvement of regulatory authorities

All resulting PMTRI according to Para 2.1 must be considered by the packaging process within
the scope of LSA activities. MTA must analyze the corresponding scheduled maintenance tasks
to describe the task execution, determine the Maintenance Level (ML) and identify the required
resources, such as personnel, support equipment, spares, consumables, technical publication,
facilities and infrastructure. Based on MTA results, it is possible to decide whether an individual
PMTRI is actually a candidate for packaging. Any PMTRI leading to a scheduled maintenance

Applicable to: All S3000L-A-10-00-0000-00A-040A-A
Chap 10
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4.2.2

4.2.3

4.2.4

task that can be performed without any preparation work, any additional support equipment, and
more or less at any time, is not considered as being relevant for packaging.

It is necessary to define the master intervals (unit of measure and numerical values) of the
relevant master task packages after determining the packaging relevant PMTRI and
corresponding scheduled maintenance tasks, and confirming Product configuration validity and
completeness. In general, the customer/operator needs to be involved in the determination of
the master intervals.

For individual Products, it can be necessary to define multiple packaging concepts, possibly
with different units of measure for each master task package (eg, based on calendar versus
based on Product usage), with a view to allowing different customers/operators to provide an
individual definition of master task packages. If a customer intends to deviate from a baseline
Product usage scenario, all calculation parameters used to convert intervals from one unit of
measure to another must be checked and, if necessary, adapted.

Master task package
Each master task package requires a master interval. The master interval can be based on:

— Product usage parameters
— calendar-based parameters
— combination of Product usage and calendar-based parameters

Examples for Product usage parameters are:

— operating hours

— operating cycles

— number of activations

— driven distance (eg, for vehicles)

Note
If calendar-based master intervals are selected, the actual intensity of usage of the Product
can vary with no impact on the scheduled Product maintenance. The actual intensity of
usage is better represented by usage-oriented master intervals. For example, the real
Product usage can differ significantly depending on individual users.

Depending on the individual PMTRI, more than one threshold can be applicable and effective,
refer to Para 2.2.6. In those cases, the threshold expected to be reached first becomes the
relevant one for the master task package.

Interval correlation between PMTRI and master interval

It is necessary to correlate the units of measure for the intervals of single PMTRI and the
relevant master interval in case they differ. For example, a single PMTRI is based on operating
cycles, and the master interval is based on operating hours. In this case, the usage scenario
must determine the expected number of operating cycles within a certain number of operating
hours (eg, expected aircraft landings within 1000 operating hours). If the correlation is clear, it is
possible to describe the interval of the PMTRI using the unit of measure of the master interval.
However, this type of correlation always assumes there is a tolerable level of constant Product
usage. Peaks in the usage of a Product always cause a risk of exceeding thresholds earlier as
allowed, especially in the case of correlating units of measure for PMTRI intervals and master
intervals. Also refer to the interval adaptation example in Para 4.3.5.

Preparation completion

Prior to starting the PMTRI packaging process, it is necessary to check the underlying LSA data
to ensure all PMTRI are approved and released for further interval packaging activities. The
PMTRI must represent all valid Product configurations, including variants of the Product under
analysis.

Applicable to: All S3000L-A-10-00-0000-00A-040A-A
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The preparation process aims to ensure an effective packaging of the PMTRI taking into
account at least the following aspects:

— A PMTRI can become relevant in more than one master task package (eg, a preventive
maintenance task satisfying a PMTRI to be performed prior and after each Product
operation day)

— For each identified effective and applicable PMTRI, the "worst-case" criticality of the FFE at
Product system level must be available. This criticality category influences decisions in
terms of interval extension or reduction to include a PMTRI and the corresponding
scheduled maintenance task into a master task package.

— A PMTRI can have one or more different interval types (eg, based on operating hours,
cycles, calendar time, and distances) and different numerical interval values. This requires
the use of conversion factors to adapt PMTRI intervals and allocate them to master task
packages.

— A PMTRI can be relevant only for specific ML, because:

e the PMTRI can require specific training and experience of maintenance personnel
which are only available at specific ML

¢ the PMTRI can require material resources (eg, support equipment, spare parts,
consumables, facilities and/or infrastructure) which are only available at specific ML

4.3 Packaging process for PMTRI

4.3.1 Impact of maintenance level on master task packages
After packaging preparation is complete, a set of PMTRI with different interval values based on
the master intervals is identified, consolidated, and documented within the LSA data. The
PMTRI justify scheduled maintenance tasks assigned to different ML after the MTA. Fig 8
provides a generic example for a first distribution of PMTRI.

maintenance levels
A

- ) J 0 90 200000 I I
? 20 20 90 P
o0
o J J P 4
=
o~
)
=
—
|
=
task intervals

ICN-B6865-S3000L0110-003-01
Fig 8 Initial distribution of PMTRI (on different maintenance levels)

Each bullet in Fig 8 represents one PMTRI to be performed at the determined ML.

Note
Chap 11 provides examples of ML definitions.
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As early as the beginning of the packaging process, PMTRI distribution within one ML can show
a concentration of some PMTRI within limited ranges of intervals. The analyst can use these
ranges of similar intervals to support the identification of master intervals. Refer to Fig 9.

Identification of potential master task packages by clustering tasks
with similar intervals around a master interval

~ L ~ e
N y N y
N ) \
< 4 s 4
\

’,' ‘\\\ ‘,'1 [ ‘\\ ’,'l “\\
: ' ] ‘; ! | i
(@] | | 1 \
o
=
- task intervals
Potential
master
interval 1
Potential master interval 2
Potential master interval 3
ICN-B6865-S3000L0112-002-01
Fig 9 Clustering of PMTRI to support the identification of master intervals
4.3.2 Predefined master task packages

LSA data can also be used and evaluated for all PMTRI/preventive maintenance tasks which
are generally determined (eg, for each Product operating day).

In many cases, there are three predefined master task packages for PMTRI allocation:

— Before starting the Product operational/mission phase (eg, preflight inspection of an aircraft)
— After an intermediate stop of Product operation or mission (eg, prior to restart, if applicable)
— Atthe end of a Product operation or mission (eg, post-flight inspection of an aircraft)

In addition, further predefined master task packages allow PMTRI allocation. For example, the
Product overhaul/depot-level maintenance must occur after 15 years and the Product usage
period is 30 years. That covers all PMTRI in LSA with a 15-year interval or with an allocation to
Product overhaul/Depot Level Maintenance (DLM).

4.3.3 Basic rules for interval adaptation based on PMTRI criticality
Any change in numerical interval values must follow clear rules. These rules must be traceable
for regulatory authorities and/or Quality Assurance (QA) departments of the Product
manufacturer. For this purpose, it is recommended that adaptation rules be determined, for
example, within a project-specific guidance document for the packaging process, which must be
accepted by the involved parties.

The adaptation of individual PMTRI must be performed after determining the ML and the master
intervals for each master task package. Fig 10 provides examples of use cases for different
interval change options. The general consequences to take into consideration are:

— interval extension increases the risk of failure, but reduces maintenance costs
— interval reduction reduces the risk of failure, but increases maintenance costs

Applicable to: All S3000L-A-10-00-0000-00A-040A-A
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(@) Task related to safety, ecological or legal restrictions (examples A1-A5)

(@) Task related to operational or economic restrictions (examples B1-B5)

Master task Master task Master task
package 1 package 2 package 3
with master with master with master
interval 1 interval 2 interval 3

ML 2

task intervals

» Interval extension to next master interval @ increased risk, lower costs
‘ Interval reduction to next master interval = reduced risk, higher costs
ICN-B6865-S3000L0047-002-01
Fig 10 Principles for interval modification

Some PMTRI can have the same numerical value as the master interval. However, most of the
interval values of PMTRI typically need to be extended or reduced to fit into a master interval. It
is important to remember that extension of intervals normally causes a higher risk of failure.

The examples in Fig 10 consider the different criticality of the corresponding most critical FFE
for a PMTRI, and the different needs for adaptation (extension/reduction):

— The examples Al to A5 are relevant for PMTRI that prevent FFE related to Product safety,
compliance with the law or environmental integrity

— The examples B1 to B5 are relevant for PMTRI that prevent FFE related to
operational/mission availability or economic feasibility

For each example, adaptation rules are described. Refer to Table 2.

Table 2 General interval adaptation rules

Example Adaptation rules

Al Interval of PMTRI equal to the master interval, no adaptation required

A2 Interval of PMTRI higher than the nearest master interval and within a range
close to the nearest master interval. Adaptation of interval is possible and
agreement by regulatory authorities is expected. High probability of cost
increase within acceptable limits, user involvement is recommended.

A3 Interval of PMTRI lower than the nearest master interval and within a range
close to the nearest master interval. Adaptation of interval is not allowed
because of the related FFE criticality.

Applicable to: All S3000L-A-10-00-0000-00A-040A-A
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Example Adaptation rules

A4 Interval of PMTRI outside a close range to the next higher or lower master
interval. Only adaptation to a lower master interval is possible. Agreement by
regulatory authorities is expected. Increase of costs due to a significantly lower
interval of task must be considered, user involvement is recommended.

A5 Interval of PMTRI lower than the nearest master interval and within a range
close to the nearest master interval, which is the lowest master interval
available. Direct adaptation of this interval is not allowed because of the related
FFE criticality. This situation requires additional analysis to identify a lower
master interval (eg, daily inspection). In addition to that, the safety department
can recalculate the interval or, in the worst-case scenario, consider Product
design change.

B1 Interval of PMTRI equal to the master interval, no adaptation required

B2 Interval of PMTRI higher than the nearest master interval and within a range
close to the nearest master interval. Adaptation of interval is possible. High
probability of cost increase within an acceptable limit, user involvement is
recommended.

B3 Interval of PMTRI lower than the nearest master interval and within a range
close to the nearest master interval. The related FFE criticality allows adaptation
of the interval, but the user must agree to the increased risk for FFE.

B4 Interval of PMTRI outside a close range to the next higher or lower master
interval. Adaptation to either a lower or a higher master interval possible.

In case of interval reduction, it is necessary to consider and the user must agree
to the cost increase due to a significant lower interval of task.

It is necessary to consider an increased risk of FFE occurrence because of a
significant higher interval. User agreement is required.

B5 Interval of PMTRI lower than the nearest master interval and within a range
close to the nearest master interval, which is the lowest master interval
available. Adaptation to the lower master interval is possible. It is necessary to
consider and the user must agree to an increased risk of FFE occurrence
because of a higher interval of task.

434 Summary of PMTRI interval adaptation
It is prohibited to extend intervals of PMTRI that prevent FFE related to safety, compliance with
the law or environmental integrity. If any PMTRI interval of these FFE categories, is below the
lowest grouping interval for the specific maintenance level, the corresponding tasks needs
further investigation, which can result in:

— introduction of a new master task package with a lower interval value

— PMTRI modification (change of scheduled maintenance task to cover PMTRI including
recalculation of interval value)

— ML change

— Product design change requirements

It is possible to either extend, or reduce intervals of PMTRI that prevent FFE related to
operational/mission availability or economic impact. The user must agree to any modification. It
is necessary to balance risk of economic loss or additional downtime with potential cost savings.

Note
The ISMO process described in S4000P takes into account these rules based on the FFE
category for each individual PMTRI. The Product in-service experience, in combination with

Applicable to: All S3000L-A-10-00-0000-00A-040A-A
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4.3.5

4.4

ISMO, allows an easier adjustment and optimization of all PMTRI linked to FFE on
operation, mission and economy.

For safety FFE, compliance with the law and/or environmental integrity, no in-service
data/experience can be expected. The optimization of those PMTRI must consequently be
based on other investigations, calculations and/or further analysis.

Adaptation example
A safety relevant PMTRI requires a visual inspection on a hydraulic actuator every 600
Operating Hours (OH). The usage scenario is:

As per the Product design, the maximum operating hours for the Product is 1000 OH in one
calendar year. The user determines the interval type for the master task package based on
calendar, with a small inspection package every 6 months and a full inspection package every
calendar year. Due to the PMTRI category "safety-relevant” in this example, it is only possible to
reduce the parameter value of the scheduled interval (refer to the rules described in Para 4.3.3).

Based on this limitation, the first preventive maintenance task must be performed during master
task packages that do not exceed the repeat time limit of the visual inspection on a hydraulic
actuator (here every 600 OH) and the corresponding calendar intervals. Therefore, the
scheduled maintenance task must be performed every six months, as the expected operating
hours for half a year is 500 OH. It is not possible to select a task which is performed once a year
and related to the maximum of 1000 OH, because of a clear interval excess for the safety
relevant PMTRI.

In this example, the original PMTRI for the LSA candidate hydraulic actuator is a detailed visual
inspection on the hydraulic actuator every 600 operating hours. The result after the packaging
process and corresponding interval adaptation is a detailed visual inspection on a hydraulic
actuator every six months performed within the corresponding master task package.

Note
The example also shows a potential conflict with the definition of master task packages with
calendar-based intervals. The original PMTRI is based on actual usage (eg, 600 OH), and
the master task package is due after six months. The predicted usage of 500 OH per six
months is only valid if there is a tolerable level of constant Product usage. The original 600
OH of the safety relevant PMTRI not being exceeded after 6 months of Product operation,
must be guaranteed.
The choice often falls on calendar-based master task intervals because they provide a
better planning reliability concerning the use of facilities/infrastructure and personnel.
Usage-based master intervals, on the other hand, exclude the risk of exceeding critical
intervals.

Maintenance task analysis for master task packages

After allocation of all PMTRI to master task packages, an MTA for the complete packages is
required. The master task packages can contain a large number of single PMTRI with or without
adaptations of interval. Refer to Fig 11.

Applicable to: All S3000L-A-10-00-0000-00A-040A-A
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Fig 11 Integration of single PMTRI into master task packages

Typically, the tasks in the master task package are not performed sequentially. It is
recommended to consider the following aspects:

— there is potential interdependence of single activities/maintenance tasks (eg, an inspector
must close and confirm a maintenance task before another maintenance task can start)

— performing time-consuming tasks for gaining access only once can result in saving time (eg,
after opening panels and doors, all tasks are performed within the corresponding area
before closing the panels and doors)

— task packaging can consider the possibility of performing tasks in parallel to ensure a more
realistic estimation of the duration and effort of a complete master task package

— required resources such as personnel and support equipment must be harmonized for the
complete package and are not just a simple collection from the single preventive
maintenance tasks

Once a master task package is finalized, the original PMTRI are no longer the basis for logistic
evaluations, because the master task package is now the subject to those calculations.
However, it is necessary to keep and maintain the original PMTRI in the LSA data to reuse
information in later optimization processes and to ensure full traceability over the entire Product
life cycle.

At any stage of the project, it must be possible to recover the original PMTRI documented at the
LSA candidate in the LSA data from an individual preventive maintenance task defined in a
master task package. Moreover, it must be possible to recover the corresponding PMTRI source
from each PMTRI (eg, based on S4000P, MSG-3, RCM, and CMR). Refer to Fig 7.

These traceability requirements ensure the complete consistency of the scheduled Product
maintenance, starting from the first PMA steps, followed by LSA activities, up to the final
generation of the technical publication for a Product.

In addition, this allows to apply the ISMO process with the aim of continuously optimizing
Product maintenance, including the Product’s Life Cycle Costs (LCC). Refer to S4000P and

Chap 14.

Applicable to: All S3000L-A-10-00-0000-00A-040A-A
Chap 10

DMC-S3000L-A-10-00-0000-00A-040A-A_003-00_EN-US.docx 2021-04-30 Page 17



S3000L-B6865-03000-00

Associated parts of the S3000L data model
The documentation of the associated data to this chapter is supported by the following Units of
Functionality (UoF), refer to Chap 19:

— S3000L UoF LSA Candidate

— S3000L UoF Task Requirement
— S3000L UoF Task Usage

— S3000L UoF Time Limit

530

Applicable to: All S3000L-A-10-00-0000-00A-040A-A

End of data module Chap 10

DMC-S3000L-A-10-00-0000-00A-040A-A_003-00_EN-US.docx 2021-04-30 Page 18



530

_f E

S3000L-B6865-03000-00

Chapter 11

Level of repair analysis
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1.1 Introduction
Level of Repair Analysis (LORA) is an analytical methodology performed on a list of selected
LSA candidates and associated tasks. It takes into consideration customer support and
operational requirements, customer support capabilities, product technical information, costs,
and legal and environmental constraints to determine an optimized maintenance solution. It
defines where each selected item is, for example, removed, replaced, repaired, tested,
overhauled, inspected, or discarded.

The LORA process harmonizes technical and cost assessment. It is recommended to perform
an Economic LORA (ELORA) in conjunction with a Life-Cycle Cost (LCC) analysis, because the
costs for maintenance activities are crucial for the complete LCC. It is necessary to combine
technical and commercial aspects in order to achieve proper results for LORA.

LORA is a two-step process:

— Determination of whether the Item Under Analysis (IUA) is a repair or discard item
(supporting the repair/discard decision by the customer)

— ldentification of the optimum maintenance level for the required maintenance tasks, also
called ELORA

Note
Maintenance levels are different due to eg, required personnel competence, facilities or
support equipment available. Although typically associated with specific organizations
and/or geographic locations, the individual maintenance levels in their purest form also
denote differences in inherent complexity of maintenance capability. There are several
generic levels, for example:

e Organizational level (inspections, servicing, handling, preventive and corrective
maintenance)

¢ Intermediate level (assembly and disassembly beyond the capability of the
organizational level)

e Depot level (any action that requires extensive industrial facilities, specialized tools and
equipment, or uniquely experienced and trained personnel not available in lower-level
maintenance activities)

The LSA Program Plan (LSA PP) or similar documents describe the requirements for LORA.
Depending on the specific phase of a project, it is possible to perform LORA for different
purposes and using different methods.

The LORA process can be repeated as often as required during the design and development
and the in-service phases. LORA results determine whether changes to the maintenance
solution are necessary due to design changes or other factors. The results of the LORA process
can illustrate various options useful for supplier selection and lead to the adoption of phased
support.

1.2 Purpose
The purpose of a LORA is to guide the customer in the selection of the most suitable
maintenance solution. Therefore, LORA is performed from a customer point of view, with the
customer prerequisites and interests in focus. Different customers can come to different
decisions depending on their specific project needs. In the early stage of a project, it is
necessary to consider LORA aspects to influence the design (eg, testability features,
modularity, and accessibility requirements), as well as to support customer strategy decisions
(eg, 2-level maintenance strategy, single source principle).

Applicable to: All S3000L-A-11-00-0000-00A-040A-A
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2.1

2.2

Scope

The target readers of this chapter are contractor and customer supportability personnel who
perform LORA activities. Appropriate LORA reports will document LORA results. It is
recommended to document the derived maintenance solution per LSA candidate.

Aspects concerning selections of level of repair analysis

candidates

Candidate selection
The identification of potential LORA candidates can be based on the LSA Candidate Item List
(CIL) established in accordance with the project’s selection process of LSA candidates. Refer to

Chap 3.

The first step is to decide whether an LSA candidate is potentially repairable. If so, it is
necessary to choose the most suitable LORA method:

Best engineering judgment only

Simplified LORA (eg, collecting information and considering values)

LORA based on mathematical models (with the aid of commercial software packages)
Simulation (with the aid of commercial software packages)

It is necessary to document the reason for choosing a specific method. In addition, other
constraints or specific customer decisions can include:

— exclusions from repair due to danger of destruction or hazardous/unsafe situation

— input from system integrator or Original Equipment Manufacturer (OEM) relevant to LORA

— cutoff values or design-driven influences (a set of predefined cutoff values can reduce the
number of ELORA candidates). These cutoff values are usually based on technical and
economic factors such as low task frequency, low unit price, or repair costs.

— customer-imposed maintenance constraints, not related to LORA

— customer’s existing maintenance facilities illustrated in the Operational Requirements
Document/Customer Requirements Document (ORD/CRD)

— customer requirements derived from ORD/CRD

— contractual requirements or LSA Guidance Conference (GC) decisions

— clear understanding of LORA requirements set by other disciplines

These external influences or requirements must be addressed, discussed, and agreed during
the LSA GC.

Repair or discard decision

A repair/discard decision is the prerequisite to any ELORA. It can include non-economic as well
as economic factors. It is, in effect, a screening process aimed at minimizing the number of
ELORA candidates using a logical process of elimination. Each LSA CIL has several items that
are potential ELORA candidates. Taking a repair/discard decision is necessary to identify which
of these items are candidates for further ELORA. This is achieved by determining the repair
feasibility for each item.

Below is a list of crucial technical questions for each potential ELORA item:

— Does the design of the item allow repairs in general? If so, this item is a potential ELORA
candidate.

— Is the repair of the item limited to certain maintenance levels? If so, this item is a potential
ELORA candidate. The analysis must only include the possible maintenance levels.

— Does the design of the item not allow repairs in general? If so, this item must be removed
from the ELORA candidate list. However, the proper maintenance level for replace and
discard must be identified and documented.

Applicable to: All S3000L-A-11-00-0000-00A-040A-A
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4.1

4.2

4.3

It is necessary to document this decision, and the logic behind it for future traceability. For items
that have been identified as potentially repairable, the next phase must determine the method
for performing ELORA. This phase provides the opportunity to take into account any external
influences/requirements (eg, existing maintenance solutions used by the customer, cutoff
values, or influences driven by design).

Identification of optimum maintenance level by economic level
of repair analysis

The repair/discard decision process results in a list of remaining ELORA candidates identified
as potentially repairable. ELORA aims to determine the optimum maintenance solution for these
candidates considering mainly economic cost factors such as spare parts, support equipment
for failure detection/localization and repair, personnel, training, facilities, technical
documentation, and Packaging, Handling, Storage and Transportation (PHST). Additionally,
trade-offs should be taken into account when identifying optimum maintenance location. For
these trade-offs, non-economic factors such as availability requirements, customer capabilities,
reliability, and maintainability can be considered.

Many different mathematical ELORA models are available and supported by different
commercial software packages. Simplified LORA often uses an alternate approach that must
develop a project specific or tailored model that addresses the requirements and constraints (for
both customer and OEM) such as available infrastructure, personnel, or technical capabilities.

Within a project, all LORA analyses must be integrated into a common ELORA model as much
as possible. This allows an overview of the cost versus performance of all selected LORA
solutions.

Data gathering for level of repair analysis

The following sections provide additional details regarding data needed for LORA. Some of
them, cost data in particular, are not identified in the S3000L data model yet. Refer to Chap 19.

Definition of operational concept

Apart from technical and economic data, the LORA outcome depends on the Product intended
context of use. These prerequisites are defined in a CONcept of OPerationS (CONOPS), which
defines Product distribution and use. A CONOPS is normally provided by the customer. The
ORD should contain all necessary information derived from the CONOPS.

Determine parts hierarchy

Maintenance and operational support activities in LORA are assigned to the hierarchical
breakdown structure of the Product systems. Failures at the top level of a system are assumed
to be primarily caused by failures of the items (or subsystems) at the next lower indenture level.
Similarly, failures of the items in the second level of indenture are mainly initiated by failures of
the items in the next lower indenture level. For this reason, it is impractical to perform a LORA
until hierarchical relationships are outlined. For Products that are currently in production,
existing LSA data derived from the Product breakdown can determine the hierarchy and
subsequent LORA candidate items.

Determine level of repair analysis candidates

After establishing the parts hierarchy, the analyst must determine which parts will be included in
the analysis. At first glance, it seems logical to include all of the parts. However, non-repairable
and consumable parts (eg, nuts, bolts, gaskets) will add no value to the analysis and, therefore
are excluded. Establishing a set of rules based on existing repair or maintenance codes, unit
price, repair level, or other criteria can help determining the candidate items.

Applicable to: All S3000L-A-11-00-0000-00A-040A-A
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Collect unit prices

Unit prices for all items are required to fill an ELORA data model and perform the analysis. Unit
prices are available from provisioning records or other documents. The unit price for all ELORA
candidate items is necessary to determine the economic feasibility of repair. It is essential to
use correct unit prices for ELORA calculation purposes. Unit prices can differ dramatically from
the production phase to the in-service phase.

Note
The price of spare parts can be very different from the production unit price.

Sometimes, precise values are difficult to obtain and it is only possible to make an estimate.
These estimations can be acceptable during the initial phases, but they must be reviewed
and/or evaluated through sensitivity analysis.

4.5 Collect maintenance-related cost data
Maintenance cost data include labor time, training, spare parts and consumables, support
equipment, facilities, technical documentation and PHST aspects. With respect to these data, it
is necessary to distinguish between initial and recurring costs. These data are used to calculate
costs at each possible maintenance level.
Table 2 Overview of typical cost elements provides an overview of typical cost elements to be
included in ELORA. Additional data can be required depending on project requirements.
Table 2 Overview of typical cost elements
Cost element Initial Recurring
Personnel
- Labor time costs X
- Training costs (teachers and staff) X X
- Training equipment costs (eg, simulators, classroom X X
equipment, training facilities)
Note
It is recommended that costs of direct labor and indirect labor
(eg, line managers, inspectors, work preparation department)
be considered.
Spare parts / consumables
- Spare parts / consumables provision X X
-  Spare parts / consumables storage X
- Disposal costs X
Support equipment to diagnose and repair
- Support equipment provision and replacement X
- Support equipment maintenance X
- Support equipment upgrade X
- Development of customized software (eg, test software) X
- Support of customized software for support equipment X
- Disposal costs X
Applicable to: All S3000L-A-11-00-0000-00A-040A-A
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Cost element Initial Recurring
Facilities and infrastructure
- Building of facilities and infrastructure X
- Maintenance of facilities and infrastructure X
- Costs of operation for facilities and infrastructure X
- Costs for modification of facilities and infrastructure X X
Technical documentation
- Documentation costs (eg, user handbooks, maintenance and X X
training manuals, illustrations, spare part catalogues)
PHST aspects
- Packaging costs X X
-  Stock keeping costs (eg, maintenance tasks and handling X X
during storage, special storage containers, administration of
stock)
- Transportation costs (transport to maintenance facilities and X
back to user)
Others
- Average repair costs at industry level X X
- Additional costs (documentation, administration, preparatory X X
work and post processing)
- Restocking costs X X
- Reaquisition costs X X
- Disposal costs X X
-  Discount rate X X
- Holding cost percentage X X
- Interest rate X X

4.6 Other maintenance relevant data
Besides data on direct costs, other pieces of information can be useful for the ELORA process.
This information includes but is not limited to:

Task execution information

Task complexity

Required support and test equipment and required competence to use it

Legal regulations which influence the task execution

OEM recommendations or restrictions because of warranty

Frequency and duration information

Reliability information, eg, Mean Time Between Failure (MTBF), Mean Time Between

Unscheduled Removal (MTBUR)
Frequency of corrective maintenance task
Preventive maintenance interval

Task duration

Logistics down time (eg, waiting time for support resources)

Applicable to: All
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5.1

5.2

Note
Data for repair duration are often difficult to obtain, particularly for newly developed
equipment or systems. During development stage, desired and maximum duration for
failure repair can be specified. This can also serve as a repair duration for items directly
removed and replaced. For estimation of repair duration of lower indenture items, it can be
necessary to use the repair duration for similar items in other systems.

— Availability values

Minimum availability of IUA (usually, operational availability is specified)
Availability of personnel for maintenance activities

Availability of spare parts in stock

Availability of support equipment

Availability of facilities and infrastructure

— Stock relevant values

e Procurement lead time
e Pipeline transit times
e Repair turnaround times

— General information

Number and type of contractor industrial facilities
Number of operational sites

Number of operated Products per site

Distances between sites

Inflation/discount rate

Repair policy (eg, 2-level maintenance strategy)

It has been noted that the majority of decisions that influence costs must be made at a very
early stage, even if the available information is limited and the design is not stable yet. For this
reason, it is necessary to perform LORA throughout the Product life cycle, to identify a potential
need for updating the current maintenance solution in a timely manner.

Performance of economic level of repair analysis and
preparation of results

ELORA is performed after collecting and harmonizing data together with the customer. A simple
approach must evaluate and balance the given information using best engineering judgment. It
is possible to select a commercial software package in case more complex mathematical
calculation models are used. The data set to be collected depends on the requirements of the
specific software package. The results of the calculation runs must be laid out in an ELORA
report and distributed according to established rules.

Economic level of repair analysis baseline run

The baseline run using the gathered ELORA data is the first step to perform an ELORA using a
supporting software package. This baseline run will result in a first set of information regarding
costs for the individual maintenance levels. Depending on the different maintenance levels, the
result can be either clear-cut or ambiguous. In either case, it is recommended to confirm the
baseline run results by executing a sensitivity analysis.

Sensitivity analysis

It is necessary to perform sensitivity analysis on various parameters that are cost significant.
The results of the various sensitivity runs will indicate whether the maintenance solution from
the baseline run is stable or not. Sensitivity analyses can include, but not limited to:

— major cost influencing parameters of the IUA itself (eg, unit price, MTBF)

Applicable to: All S3000L-A-11-00-0000-00A-040A-A
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— any parameters that are critical to costly support requirements (eg, facilities, infrastructure,
support equipment, highly educated personnel)

— any parameters using assumptions or estimates because of unavailable data (eg, historic or
similar data from other Products)

Once the parameters for sensitivity analysis are selected, the next step must establish an
appropriate numerical range for the parameter. Finally, when all the requirements are
established, ELORA is performed for each parameter variation. Changing single parameters will
keep the number of runs to a minimum. Multiple parameter changes will lead to nested
analyses. Therefore, it is recommended that these changes be avoided, as they may cause
confusion while evaluating the results.

The output of the sensitivity analysis can be used as a baseline to establish a preliminary
maintenance solution. Additionally, it is useful to influence other support disciplines and/or
design, in order to change their input with a view to achieving the expected maintenance
solution for the equipment.

A sensitivity analysis is usually conducted to complement baseline results. Sensitivity analyses
are performed for cost significant parameters that have a low confidence level or to accomplish
a trade-off study. In case of sensitivity analysis of low-confidence values, the most common
method recommends analyses using the worst- and best-case data. If there is no shift in the
results of the maintenance solutions in the two analyses, then no additional executions using
intermediate values are required.

An example is sensitivity analysis for an item’s MTBF. In this example, the baseline analysis
uses an estimated value of 5,000 operating hours. Preliminary analysis reveals that MTBF for
similar items range from 1,500 to 15,000 operating hours. The first sensitivity analysis would
include 1,500 and 15,000 operating hours for the MTBF of this item. If the most cost-effective
repair level for both sensitivity analyses is the same as the baseline analysis, no further
sensitivity analysis for this MTBF is necessary. However, if a change in repair level occurs for
one or both analyses, further analyses are necessary and must use MTBF values between the
highest and lowest value to identify the break points.

5.3 Maintenance solution recommendation
To achieve a concluding maintenance solution recommendation, it is necessary to consider
costs resulting from ELORA, as well as technical aspects that can have a major impact on the
recommendation of the maintenance solution to the customer (eg, destruction of the IUA during
critical repairs, dangerous repair tasks). Additionally, it is necessary to consider the customer’s
preferences.
It is also important to harmonize the maintenance activities in order to avoid splitting similar
maintenance activities to different maintenance sites. For example, it is recommended that the
allocation of a piece of electronic equipment for replacement and subsequent repair of different
components be not split between industry and customer sites.

5.4 Level of repair analysis report
It is necessary to produce a report documenting the analysis results. The LORA report must
contain at least:
— agreements reached between the customer and/or the contractors regarding LORA
— a brief description of the system/equipment under analysis
— comprehensive list of any assumptions and estimations, including their rationale
— data sources
— comprehensive list of the LORA data elements
— input values

e Operational environment data used for the process
e Breakdown of IUA
Applicable to: All S3000L-A-11-00-0000-00A-040A-A
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e Cost and maintenance data

— mathematical methods applied in a simplified ELORA

— use of ELORA software package

— results of baseline run

— results and explanations of sensitivity analysis runs

— trade-off studies

— consolidation of technical and cost aspects

— concluding recommendation on the maintenance solution, including discard decision

It is recommended that a report structure and layout be developed early in the analysis process.
Otherwise, there is the risk of overlooking important information and logic during a lengthy
analysis.

For good traceability, it is recommended to use a standardized format for the maintenance
solution recommendation and related customer decision within the LORA report. The customer
decision will be documented appropriately.

5.5 Maintenance solution documentation
The content of the maintenance solution relates to the corresponding maintenance activities, as
documented in the description of maintenance tasks. Each task for an LSA candidate must
include attributes that reflect the maintenance solution. This information must include at least:
— maintenance task type (eg, preventive or corrective)
— interval or threshold data for preventive tasks
— the maintenance level at which the task must be performed
— the place at which the maintenance tasks must be performed
— special remarks or warnings (eg, if the Product is used under special conditions, the
inspection interval must be reduced from 6 to 3 months)
— references to standard repair tasks
— data source information for traceability (eg, identification of LORA report)
It is recommended that the basic data set reflecting the maintenance concept be agreed during
the LSA GC, to ensure mutual understanding. Proper documentation within an appropriate
information record ensure to report effectively different aspects of the maintenance concept.
Examples:
— Complete overview of maintenance activities at all maintenance levels
— Summary of maintenance activities performed at certain maintenance levels
— Overview of preventive/corrective maintenance activities
— Expected effort at certain maintenance levels
— Support for quality checks concerning completeness and conclusiveness of the
maintenance solution
— Predicted maintenance and support cost distribution according to the defined maintenance
solution
6 Example of maintenance level definitions
6.1 General
This example is based on three maintenance levels, and indicates personnel capability,
availability of special facilities, time limits, and environmental conditions to consider with a view
to determine the tasks relevant to each maintenance level.
6.2 Level 1
Level 1 maintenance aims to ensure the Product remains available. This implies personnel will
perform a fast and easy replacement of Line Replaceable Units (LRU) and/or the replacement
of modules on the Product when a malfunction occurs.
Applicable to: All S3000L-A-11-00-0000-00A-040A-A
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Level 1 activities typically include, but are not limited to:

— PHST and servicing activities

— preparation for use and role changes

— pre- and post-operation inspections

— functional checks

— trouble shooting

— preventive maintenance

— corrective maintenance (eg, repair by replacement and system adjustment)
— loading of software (operational and engineering) and data retrieval

— simple modifications

6.3 Level 2
Level 2 maintenance aims to maintain the highest possible level of availability. Maintenance
activities at the operating site also include the repair of subassemblies, modules and LRUs after
their replacement at maintenance level 1. Testing on test-benches or integration tests can be
included. Subsequently, level 2 maintenance can be performed either on Product or at specific
repair shops.

Level 2 activities typically include, but are not limited to:

— repairs down to module and subassembly level

— moderate structural repairs

— major planned inspections

— moderate modifications

— technical assistance for the organization of Level 1 maintenance
— software servicing concerning engineering data

— preservation of complete Product

Level 2 activities include corrective and preventive maintenance and specific maintenance
activities that will be performed on Product (eg, during maintenance, the Product will be
unavailable for use), or at specific repair shops. Level 2 also includes tasks not performed at
level 1 to facilitate the return of the equipment to its full operational state. Level 2 maintenance
will be performed at suitable facilities for the performance of maintenance tasks, which can
require the use of special equipment or specialized repair shops, and must be performed by
appropriately trained and specialized personnel.

6.4 Level 3
Level 3 maintenance aims to ensure the highest possible availability of the Product, as well as
providing engineering support for operational aspects. It must ensure all repairs and overhaul
activities beyond level 1 and level 2 capabilities. Major modifications to improve the design
and/or operational activities will be prepared and, if necessary, performed at this level.

Level 3 activities are expected to typically include, but are not limited to:

— repairs down to full reconditioning

— repairs requiring special, rare skills or support equipment

— major structural repairs

— major planned inspections

— extended modifications and update programs

— technical assistance for the organization of level 1 and level 2 maintenance
— software modification

— preservation of the complete Product

Level 3 maintenance must ensure the utmost autonomy for the users’ organizations.
International cooperation can allow the setup of an effective and economic authorized level of
maintenance. It is recommended that single-source repair be considered the best solution.

Applicable to: All S3000L-A-11-00-0000-00A-040A-A
Chap 11

DMC-S3000L-A-11-00-0000-00A-040A-A_003-00_EN-US.docx 2021-04-30 Page 10



R S3000L-B6865-03000-00
= —

S3000i

Level 3 maintenance will be performed in duly equipped facilities or component repair facilities
of the customer or contractor (or subcontractors). Level 3 requires appropriately trained and
specialized personnel. Level 3 maintenance also comprises the return of defective items
(suspected or confirmed) to the OEM for repair/overhaul/retest.

Note
As the "highest" maintenance level, level 3 activities can be subdivided into two or more
levels (eg, level 3 and level 4). This can be used when required to separate clearly user-
operated activities (level 3) from contractor-operated activities at industry facilities (level 4).
In this case, the maintenance strategy contains four levels of maintenance (or possibly
more).

7 Associated parts of the S3000L data model

The documentation of the associated data to this chapter is supported by the following Units of
Functionality (UoF), refer to Chap 19:

— S3000L UoF Breakdown Structure

— S3000L UoF Hardware Element

— S3000L UoF LSA Candidate

— S3000L UoF LSA Failure Mode Group
— S3000L UoF Part Definition

— S3000L UoF Performance Parameter
— S3000L UoF Task Requirement

— S3000L UoF Task Usage

— S3000L UoF Time Limit

Applicable to: All S3000L-A-11-00-0000-00A-040A-A
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Chapter 12

Task requirements and maintenance task analysis
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1 General

1.1 Introduction
For a complete documentation of all support activities (generally referred to as task in this
chapter) in the context of corrective maintenance, preventive maintenance, and operational
support, it is necessary to consider two main aspects:

— each rectifying task (refer to Para 5.1) needs to be justified by at least one corresponding
task requirement

— each task needs to be analyzed in terms of procedure (how the task is executed) and
personnel/material resources required to perform the task

Creating a task requirement within the LSA data represents the justification of a task. The
typical task requirements are identified by a set of analysis activities described in Chap 7,
Chap 8, Chap 9, Chap 10, Chap 13, Chap 16, or by other additional analysis activities.

Task analysis must take into account different aspects:

— organizing the task into subtasks (also often referred to as work steps)

— including all steps necessary to prepare and restore the Item Under Analysis (IUA)

— describing the procedure how to perform the task

— identifying task resources

— documenting additional relevant information for each task (eg, task duration, task location,
safety criticality for personnel, operational impact)

— identifying the maintenance level and frequency of task performance

Note
A task can contain hundreds of subtasks, which can be performed sequentially or within
specific parts in parallel. It is necessary to clearly define the sequence and interdependency
between the subtasks.

1.2 Purpose
This chapter is a guideline for the analysis of an identified task with regard to its justification and
detailed performance, and to the identification of all required resources. Maintenance Task
Analysis (MTA) must identify everything that is relevant to the correct task performance.
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Scope

The target readers of this chapter are analysts who perform analysis activities within the LSA
process to describe the identified tasks in detail. This includes a task description and the
identification of required spare parts, consumables, support equipment, personnel, and
facilities/infrastructure. It is necessary to take into consideration additional information such as
task duration, task criticality, maintenance level and task location, training needs, pre- and post-
conditions or safety requirements.

Terms, abbreviations and acronyms
Table 2 provides definitions that are specific to MTA. Chap 21 provides the complete set of LSA
terms, abbreviations, and acronyms.

Table 2 Terms, abbreviations and acronyms

Term Definition

Operational An operational support task is any support activity that fulfils a task
support task requirement in the context of Product operation, such as servicing or
Packaging, Handling, Storage and Transportation (PHST) requirements.

Rectifying task A rectifying task is any support activity that resolves an issue, such as
failures, damages, special events, or thresholds.

Supporting task A supporting task is a part of a complete rectifying or operational support
task. Supporting tasks alone cannot rectify issues such as failures,
damages, special events or thresholds.

Task requirements

A justification illustrating the reasons and triggers for a task is necessary for each task. The
principle is to define a task requirement for each rectifying task and operational support task.
One of the main aspects is the approach of event-driven maintenance. A task requirement can
relate to an event identified by the corresponding supportability analysis activities. Failures,
damages, special events, and thresholds are the primary triggers for maintenance tasks, and
each has its specific chapter. Refer to Chap 7, Chap 8 and Chap 10. Additionally, some tasks
originate from other sources like operational support tasks to cover handling and servicing
requirements, software or data loading tasks, and disposal tasks. Refer to Chap 9, Chap 13 and
Chap 16. Finally, also directives issued by authorities or manufacturers (often in relation with
warranty issues), as well as law regulations (eg, environmental regulations) can justify tasks.

Sometimes, particularly when analyzing operational support tasks, it is not possible to clearly
determine it is a maintenance-relevant event or a general support requirement that justifies a
task. For example, a task for towing an aircraft can have several different justifications (= task
requirements):

— towing out of the hangar to prepare for a mission
— towing for refueling purposes
— towing to the maintenance hangar in case of a failure

For proper documentation of the relationship between the justifying task requirement and the
related task, the S3000L data model has established a corresponding data structure. Refer to
Chap 19. Fig 1 shows an overview of the relationship between tasks and their associated
justification.
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procedures event) packages

4 484 &

Maintenance Task Analysis

1! 4 3

ICN-B6865-S3000L0049-003-01
Fig 1 Relationship between task requirements and support tasks

Task requirements can change during the product lifetime. The causes of such changes can be
engineering changes, changes of the support environment or usage scenarios. For that reason,
both, task requirements and tasks can have several revisions over time in order to keep an
appropriate traceability (refer to Chap 19).

3 Categorization of tasks

For task categorization, it is recommended to use a coding system, such as the information
code given in S1000D for technical publications (refer to S1000D).

Each information code has a clear definition in S1000D and enables an easier integration
between LSA and technical publications using S1000D. This avoids the need for a matrix to
convert LSA task coding and nomenclature to the coding and naming used within a technical
publications system. This approach improves commonality, traceability, and therefore the
quality of IPS.

There are appropriate verbs to identify activities clearly, and it is necessary to use them when
defining the information code for a special activity. If a more detailed information is available,
avoid the usage of general information codes. Table 3 shows some examples from S1000D that
also illustrate the generalization/specialization aspect for information codes.
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4.1
4.1.1

41.2

Table 3 Examples of S1000D information codes usable for task categorization

Information codes Information code definition

200 Servicing
210 Fill
212  Fill with ol
215  Fill with air
300 Examinations, tests and checks
310 Visual examination
312 Examination with a borescope
500 Disconnect, remove and disassemble procedures
520 Remove procedure

525 Ammunition unloading

Task documentation

General aspects

Tasks associated with breakdown elements or parts

Tasks are associated with LSA candidates. As described in Chap 3, LSA candidates can be
breakdown elements or parts. This means a breakdown element or a part (identified as an LSA
candidate) can have one or many associated tasks. If a task is associated to a breakdown
element, this often indicates it is necessary to perform the associated task on the Product. In
this case, the installation location is of crucial importance. For example, remove/install tasks are
typically associated to a breakdown element, because removal or installation of an equipment
always relates to the place where the equipment is located. Tasks associated with a part are
often performed on a part removed from the Product (eg, task to be performed on bench in a
workshop). In this case, the part is no longer associated with its use/installation within the
Product.

Level of task or task requirement association

Any task requirement or task can be associated to different levels of the Product breakdown.
The association of task requirements or tasks depends on the depth of Product breakdown and
on the concept to associate a repair or a replace task or the corresponding task requirement.
Fig 2 provides an example of equipment used in this chapter for further explanation.
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Control computer

Breakdown Element |dentifier: PRD-A-46-01-01
Part Identifier: A-001
Manufacturer: Company A

Computer case
Part Identifier: BN-094RT  (Company B)

Mainboard
Part Identifier: MB-000034-F (Company C)
Processor
Part Identifier: PI-F707 (Company E)

Network Card
Part Identifier: NC-98011 (Company C)

Power supply
Part Identifier: PS-DF450 (Company D)

Connector
Part Identifier: PS-DF411-0C (Company D)

Transformer
Part Identifier: PS-DF411-0T (Company D)

ICN-B6865-S3000L0050-002-01
Fig 2 General equipment example

The example shows a simple breakdown of the "control computer" equipment. "Company A"
provides a part identifier for the equipment. It contains a part list with corresponding part
identifiers for each part, as provided by different companies.

Note
A part list is often referred to as a Bill of Material (BOM).

Theoretically, the assembled part (eg, the complete computer), but also components from the
part list of the assembled part, can meet the criteria to be a potential LSA candidate. From an
LSA point of view, there are different possibilities to associate tasks.

Since it is mandatory to consider the documentation of all LSA data associated with an LSA
candidate as a cost-intensive activity, it is recommended to restrict breakdown elements and/or
parts to be selected as an LSA candidate. Table 4 shows a typical either-or situation of LSA
candidate selection and corresponding task association.

Table 4 Task association with different levels of LSA candidates

Assembled part view Part/component view
Assembled part (complete equipment) Parts from the part list of the assembled part
selected as LSA candidate selected as LSA candidates

= one LSA candidate for task association = many LSA candidates for task association
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4.2

Assembled part view

Part/component view

Consequence:

One or many maintenance tasks to be
exclusively associated with the assembled

Consequence:

One or many maintenance tasks to be
associated with many single parts from the

part: parts list;
- repair control computer by replacement -  replace mainboard
of mainboard - replace network card
- repair control computer by replacement  _ replace power suppl
of network card P P PRY
Note

The examples of Table 4 refer to the equipment example of Fig 2.

LSA candidate selection must follow a common philosophy within a project. The project specific
LSA GD must define and explain clearly when to use a repair or a replace task to describe
maintenance, as well as determine which breakdown level of the IUA is suitable to become an

LSA candidate.

Practical considerations

In reality, the situation is more complex than what is described in Para 4.1.2. Considering the
example in Fig 2, components in the assembled part can be repairable or discard items.
Therefore, a repairable part within an equipment can become an LSA candidate as well.

It is fundamental to determine the properties of equipment parts (including the equipment itself)
with respect to reparability and maintainability. Table 5 shows typical properties of parts
concerning reparability and/or maintainability.

Table 5

Reparability and maintainability properties

Part properties

Consequences for reparability and maintainability

No corrective and/or
preventive
maintenance

Corrective and/or
preventive
maintenance on
industry maintenance
level only

Corrective and/or
preventive
maintenance on
customer
maintenance level

A part that will not be repaired/maintained.

In this case, a task requirement/task is only necessary if the required
part replacement is performed at customer maintenance level.
Replacing the part on or off the Product can determine the element of
the Product breakdown associated with the task requirement/task
(breakdown element if on the Product, assembly part if off the
Product).

An equipment/part that can only be repaired/maintained at industry
level.

For such items, the detailed description only relates to their
replacement (also refer to previous example). It is recommended to
identify the possibility of repair and/or any other maintenance (eg,
preventive maintenance tasks) on industry level. Usually, a detailed
description of any corrective and/or preventive maintenance on
industry level within the LSA data is not required.

A part that can be repaired at customer level.

For such items, it is necessary to document the corresponding task
requirements/tasks for both corrective and preventive maintenance
tasks. The LSA GC must clearly define level of technical detail for the
maintenance tasks.
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The properties of a part concerning reparability and maintainability depend on the events
influencing the items. There can be failures that lead to the disposal of the complete
equipment/part, while other failures will result in the need to repair the equipment/part. Although
being aware that a definitive decision is not always possible, it is necessary to analyze each
event to identify the relevant maintenance task and maintenance level to resolve the event.

Correction of some events can occur at several maintenance levels. In this case, it is necessary
to consider both the types of influencing events and the economic aspects. For example, a
Level of Repair Analysis (LORA) can lead to the replacement of the complete equipment (with a
follow-on discard) due to economic aspects, although the equipment as such would be
repairable. Mixed scenarios are also possible. For example, a certain percentage of a specific
failure is rectified at customer maintenance level, and the balance will be returned to the
industry maintenance level because of capacity constraints at customer maintenance level.
Different deployment scenarios can affect the decision on whether to repair the element due to
facility and infrastructure requirements.

Note
The term "reparability strategy” indicates the final detailed decision on the method and
location for equipment/ part repair.

In practice, there can be several different solutions concerning events that drive maintenance
(especially failures), and the following required chain of corrective maintenance tasks can occur.
For better understanding, Table 6 gives an overview of typical examples. Additionally, further
examples are given in Para 10.

Table 6 Reparability strategy examples

Event Corrective Potential Consequences of reparability strategy
maintenance task  follow-on
(rectifying) task
Failure of a non- Repair equipment by Disposal of  Non-repairable part is required as a spare part.
repairable part replacement of faulty part ¢ the discard of the faulty part requires a
within an faulty part at description, a specific disposal task will be
equipment customer site documented for the non-repairable part (as the
appropriate LSA candidate).
Failure of a Repair equipment by Repair faulty Product is used before the completion of the
repairable part replacing faulty part part at repair of the faulty part.
within an at customer site CUSIOMEr  The part itself is required as a spare part for the
equipment, faulty site repair of the equipment.
part is repairable i
at customer level Com_ponents needed to repair the faulty part are
(case 1) required as spare parts for the follow-on task.
Failure of a Repair equipment by None Product is not used until the completion of the
repairable part repairing faulty part repair of the part.
within an directly at customer

The part itself is not required as a spare part for

equipment, faulty  site the repair of the equipment.

part is repairable

at customer level Components needed to repair the faulty part are
(case 2) required as spare parts.
Applicable to: All S3000L-A-12-00-0000-00A-040A-A
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Event Corrective Potential Consequences of reparability strategy
maintenance task  follow-on
(rectifying) task
Failure of a Repair equipment by Forward Repairable part is required as a spare part at
repairable part replacing faulty part faulty partto operational site.
within an at customer site industry Documentation of repair on industry level is not
equipment, faulty required.
part is only

repairable at
industry level

Maijor failure of Replace equipment  Discard Equipment is required as a spare part on
equipment, no at customer site faulty customer site.

repair possible, equipment ¢ ihe discard of the faulty equipment requires a
faulty equipment description, a specific disposal task will be

can be replaced at documented against the equipment (as the
customer level appropriate LSA candidate).

Depending on additional aspects (eg, competences at the different maintenance levels, scrap
rates of parts, Product waiting for repair or not), there are multiple ways to influence the
sequence of activities. The examples clarify the need to summarize maintenance tasks within a
limited number of LSA candidates. Possibly, several follow-on tasks on higher maintenance
levels do not require a detailed analysis. The only aspect that can be important is their
identification.

In most cases, two task types can resolve equipment failure:

— replacement of the entire equipment (represented by a specific breakdown element)
— repair of equipment by replacement of parts (as a follow-on task)

Another important aspect is that not every replace task can be performed at a customer site.
For this reason, it can be necessary to transport the complete Product to industry to replace
specific equipment. In this case, a task requirement/task for the transportation of the entire
Product is required.

5 Task structure

This paragraph reflects a common understanding about how to create a proper task structure. It
is necessary to take into account aspects such as the categorization of tasks, establishing a
hierarchy of tasks and subtasks, and reuse of information within already existing tasks with the
help of references.

Note
There are different potential solutions to document the content of a task. Documentation of
tasks depend on the methodology used by the analyst. For example, it is possible to reduce
the repair of an equipment to the pure repair activities just relevant for the equipment
already tested and removed from the Product. It means "ready for repair” in the repair shop.
However, the repair task (eg, gain access, remove/reinstall equipment, test, undo access)
can also include the preparation before the actual repair.

51 Task classification
The fundamental approach is to divide the tasks into three different task classes:

— rectifying tasks ("the event solver")
— operational support tasks
—  supporting tasks

Applicable to: All S3000L-A-12-00-0000-00A-040A-A
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5.2

One or more task requirements drive each rectifying task or operational support task. In the
case of a rectifying task, the task justification is typically an event. Such event can be a failure, a
damage, a special event, or an expired threshold/time-limit. A maintenance task will resolve
these events. Each task that can resolve such an event can be defined as a rectifying task.
Typical examples for rectifying tasks are given in Table 7:

Table 7 Typical rectifying tasks for typical events

Event Rectifying tasks
failure repair or replace tasks
damage repair or replace tasks

special event inspection tasks

threshold preventive maintenance tasks

The same holds for an operational support task, which typically resolves a concrete task
requirement in the context of Product operational support (eg, need for preparation for
transportation in the case of Product deployment).

As opposed to a rectifying task, a supporting task cannot resolve an event. However, also
operational needs can cause specific activities that belong to the group of supporting tasks from
a technical point of view. Typical supporting tasks are:

—  testtasks

— gain access/undo access tasks
— remove and install tasks

— assemble and disassemble tasks

A simple rectifying task

Fig 3 provides an example of a repair task of the equipment (control computer with part
identifier A-001, refer to Fig 2). The example illustrates subtasks performed one after the other,
without any reference to already existing supporting tasks.

The examples in this chapter provide a good understanding of task organization. This chapter
should stimulate the use of different approaches to organize tasks. There are different methods
of focusing on the pure activity and to separate, for example, preparation and close-up
subtasks, or to include activities into a rectifying task (eg, fault location, gain access, remove,
install, undo access, and test after reinstallation). It depends on the methodology determined in
the LSA GD for the specific project. S3000L does not mandate one specific methodology as the
only possible one.
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Repair task
(for equipmentA-001)

—| » Subtask 1 | Remove cover 1 | A
—| > Subtask 2 | Remove cover 2 | , Preparative
subtasks
L Remove equipment from Product
» Subtask 3 | oE_ PRD.A.46-01.01, Part Identifier = A-001) )
—{> Subtask 4 | Disassemble equipmentA-001 B
—| » Subtask 5 | Remove defective mainboard | The ,pure”
- >~ repair
Install new mainboard
» Subtask® | o ldentifier = MB.000034-F) subtasks
—{> Subtask 7 | Assemble equipment A-001 | ]
| Install equipment on Product h
> Subtask 8 | pE bROA.46.01-01, Part Identifier = A-001)
L Test function of reinstalled equipment .
» Subtaskd | or bRD.A-46-01.01, Part Identifier = A-001) g&%ﬁ;@is
—{> Subtask 10 | Install cover 2 |
L—{> Subtask 11 | Install cover 1 | ]

ICN-B6865-S3000L0144-001-01
Fig 3 Simple rectifying task without references

Note
Product operation does not restart until the repair is complete.

Note
It is important to determine the LSA candidate relevant to the task. For the entire repair, the
relevant LSA candidate is the equipment as a part (independent from the installation
location before the removal). For the removal and installation of the equipment A-001
(subtasks 3 and 8), the installation location is the relevant information. In case of multiple
installations of the equipment A-001 within the Product, the essential information is the
installation location, as well as the installed part. In fact, it can be possible to install different
parts from different manufacturers at the same installation location. Precondition is that the
parts have the same form, fit, function, and interface. However, removal or installation tasks
can be slightly different if there are different realizations. In this case, it is recommended to
introduce independent tasks for the installation location and determine the applicability for
the different methods for the removal or installation of different parts.

The example of Fig 3 contains subtasks that can consist of several steps, for example the
removal of the equipment A-001. Additionally, there are subtasks not directly associated to the
equipment A-001, but to other potential LSA candidates (eg, cover 1 or cover 2), which can be
represented by a breakdown element or a part.

All subtasks within the rectifying task above, which can be subdivided into further steps and/or
associated to another LSA candidate as the actual IUA (here the equipment A-001), are typical
task portions of a rectifying task. They can be moved to a supporting task and later referenced
to from the rectifying task.

There are some criteria to identify subtasks that can be moved to a supporting task. The most
important aspect is whether other rectifying or operational support tasks can potentially reuse
the supporting task, too. A typical example is a cover that must be removed to gain access to a
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5.3

set of different equipment behind it. In this case, this removal task is a typical candidate to
create a supporting task for the removal of the cover against the cover as the corresponding
LSA candidate. Task portions associated to the IUA can also be candidates to be moved to a
supporting task. For example, removal of the equipment A-001 can be reused in several
different use cases (eg, in a repair or replace task of the equipment itself), but also in the
context of another equipment which needs the equipment A-001 to be removed to gain access.

Taking into consideration the aspects above, a set of subtasks from Fig 3 can be identified as
task components, which can be potentially moved to a supporting task, as illustrated in Fig 4.

Repair task
(for equipment A-001)

-
m Remove cover 2 | Preparative
subtasks
Remove equipment from Product
(BEI = PRD-A-46-01-01, Part Identifier = A-001) p
y I A Disassemble equipment A-001 |
—| » Subtask 5 | Remove defective mainboard | The ,pure”
- >~ repair
Install new mainboard
» Subtask® | o ldentifier = MB.000034-F) subtasks
Assemble equipment A-001 | ]
Install equipment on Product
IR (oc) - PRD-A.46.01-01, Part Identifier = A-001)
Test function of reinstalled equipment .
@ELEE S (5| - PRD.A-46-01.01, Part Identifier = A-001) g&%ﬁ;@is
TS E SN Install cover 2 |
Install cover 1 | y

» Subtask ... Subtasks suitable for a supporting task
ICN-B6865-S3000L0145-001-01
Fig 4 Task components suitable for creating a supporting task

Note
Subtasks 5 and 6 are not suitable for creating a supporting task. The removal of the
defective mainboard occurs only once in the context of the analyzed repair task. This
subtask will not occur in any other context. The MTA philosophy of S3000L defines this kind
of subtasks as "subtask by definition", whereas referenced supporting tasks are "subtask by
reference".

Supporting tasks

With the help of supporting tasks, the analyst can create a "library of task portions" that, if
necessary, helps supporting the creation of more extended rectifying or operational support
tasks. It is also possible to divide supporting tasks into subtasks.

Fig 5 shows an example of the organization of the remove task for equipment A-001 in its
installation location, with the indication of the corresponding Breakdown Element Identifier
(BEI).
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Fig 6 shows an example of the organization of the remove task for cover 1. This task does not
relate to the IUA, but to cover 1 and its installation location (eg, BEI: PRD-A-52-01-04, and the
part identifier for cover 1: C-091A).

Remove task
BEI: PRD-A-46-01-01
Part Identifier: A-001

—| » Subtask 1 |Disconnect electrical connector E01-013

4| » Subtask 2 |Rem0ve safety screws S01 and S02 ‘
—| » Subtask 3 |Remove attaching screws A01 to AO7 ‘

—| » Subtask 4 |Remove equipment A-001 from housing ‘
ICN-B6865-S3000L0051-003-01
Fig 5 Example of a supporting task associated with the IUA itself

Remove task
BEI: PRD-A-52-01-04
Part identifier: C-091A

> Subtask 1 |Open 24 screws for removal of cover 1

» Subtask 2 |Remove cover 1

» Subtask 3 |Remove sealing
ICN-B6865-S3000L0052-002-01
Fig 6 Example of a supporting task associated with an LSA candidate different from IUA

Note
The tasks shown in Fig 5 and Fig 6 can equate to a procedural data module. Refer to
S1000D.

5.4 Structure of a rectifying task - referencing method
After the creation of a library of supporting tasks, the next step is to organize the rectifying or
operational support tasks, accordingly. Fig 7 illustrates the use of subtasks by definition and
subtasks by reference within a rectifying task. In this example, the rectifying task relates to the
repair of the equipment A-001 from Fig 3, which includes subtasks by reference and subtasks
by definition. There are several subtasks within this repair procedure. Other LSA candidates
already describe some of these subtasks (eg, the removal of cover 1, refer to Fig 6). Some of
them are already described within the same LSA candidate (eg, the removal of the equipment
itself, refer to Fig 5). Using references avoids the repetition of the detailed description of single
steps within the rectifying task.

Note
As a general recommendation, do not use copies of existing task structures within the LSA

data.

Different tasks can reference the supporting tasks many times within a project. Therefore, for
updating reasons, the LSA data must document the original information only once. In case of
modifications of the supporting task, it is necessary to produce the changes only once.

Applicable to: All S3000L-A-12-00-0000-00A-040A-A
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Repair task
(for equipment A-001)

Remove task
Referenceto —» BEI: PRD-A-52-01-04
Part identifier: C-091A

» Subtask 1 | Open 24 screws for removal of cover 1

» Subtask 2 |Remove cover 1

I > Subtask 3 |Remove sealing

Remove task

o
Referenceto (for cover 2)

Remove task
Referenceto —» BEI: PRD-A-46-01-01
Part |dentifier: A-001

> Subtask 1 |Disconnect electrical connector E01-013 |

» Subtask 2 |Remove safety screws S01 and S02

—
—1 |
4{ » Subtask 3 |Remove aftaching screws A01 to AO7 I
— |

» Subtask 4 |Remove equipment A-001 from housing

mmm > Subtask 4

Referenceto —»|

i

Disassemble task
(for equipment A-001)

» Subtask 5 Remove defective mainboard

» Subtask 6 Install new mainboard

E

Assemble task

— Referenceto —
(for equipment A-001)

» Subtask 8
Referenceto —»

Install task
(for equipment A-001)

1

» Subtask 9
Referenceto —»

1

Test function task
(for equipment A-001)

» Subtask 10
Referenceto —¥

1

Install task

f 2
{forcover?) Subtask by reference
Referenceto —» LIS e Subtask by definition

(for cover 1)

E

ICN-B6865-S3000L0053-003-01
Fig 7 Typical rectifying task - repair procedure
Fig 7 shows a typical arrangement of a rectifying task. There are both subtasks by definition and

subtasks by reference within the sequence of the entire repair task. In an extreme case, a
rectifying task can contain only references to existing supporting tasks.

Applicable to: Al S3000L-A-12-00-0000-00A-040A-A
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5.5

5.6

Note
It is generally recommended to use references for all activities that do not change,
regardless the location and frequency of installation of the IUA on the Product (eg, when
the item is removed from the Product, disassemble or assemble tasks are usually the
same). On the other hand, installation and removal tasks can be different if the installation
of the item occurs in several locations within the Product. It is necessary to decide case by
case whether it makes sense to create a supporting task for remove or install activities. It
depends on whether it is possible to reuse these tasks (or parts of them) in other tasks, for
example in case the removal of a part is required in another context.

S1000D integration considerations
If there is a need to populate S1000D procedural data modules based upon LSA data, it is
necessary to consider some aspects:

A set of preconditions can need consideration in order to perform a task, and they are of special
interest for technical publications. It is required to document preconditions concerning safety in
the preliminary requirements section of procedural data modules. The following aspects can be
included:

— general preconditions:
This area describes the general preliminary work to be carried out in order to achieve the
necessary conditions to start the actual task.

— safety preconditions:
This area covers all aspects necessary to achieve conditions to carry out the task in a safe
environment (warnings and cautions).

— personnel preconditions:
This area covers all aspects related to personnel. This includes the requirement for
additional skills or certifications to perform the task, as well as the need for specific
personnel requirements to comply with safety regulations (eg, the need for personal
protective equipment to perform the task).

The sequence of the complete maintenance task (supporting or rectifying) must include as
corresponding subtasks all activities necessary to reach the required preconditions. It is also
possible to classify those subtasks by assigning them a specific subtask role (eg, by a role
precondition). Refer to Chap 22.

Another aspect is the identification of startup and close-up activities. Within extended repair or
replace procedures containing several subtasks, the preparation of equipment repair or
replacement (eg, gain access or fault location procedures) can require several subtasks. The
same applies to close-up activities, which do not belong to the actual repair or replace task, but
must be performed to complete the maintenance task (eg, cleaning of support equipment,
paperwork). It is also possible to classify those subtasks by assigning them a specific subtask
role (eg, the startup or close-up role). Refer to Chap 22.

Narrative description

The narrative description of a maintenance or operational procedure is primarily a matter of
technical publications. For this reason, it is mandatory to avoid performing the same activity
twice. An extended description of a task within the LSA is not desirable. It is possible to provide
a short description of the subtasks, using a brief wording. The LSA must identify the required
support activities and analyze the identified tasks. The use of narrative texts from the LSA data
as a draft for technical publications must undergo verification. Technical publications must
usually observe strict rules concerning language, formatting and layout.

Applicable to: All S3000L-A-12-00-0000-00A-040A-A
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6 Task frequency

The expected frequency of the analyzed task is an important piece of information concerning
tasks. Knowing how frequently a task must be performed each year is crucial for planning
support resources. The task frequency often relates directly to the frequency of the triggering
event. It is possible to foresee the frequency of some events, while some other events need to
use statistic methods to estimate their frequency.

6.1 Maintenance tasks due to inherent equipment failures
Equipment failures statistically occur based on a KPI called the Mean Time Between Failure
(MTBF). This value indicates the average elapsed time between two failures of an equipment. It
is possible to use a simplified formula to predict the frequency of a rectifying task, assuming a
constant MTBF over the entire usage time and a single installation of the equipment:

k
AOR
TFRec = ZFMDRi W “Acorr * Amp

i=1

Table 8 Formula symbols (task frequency of rectifying tasks based on failures)

Formula symbol Explanation

TFoc Frequency of the rectifying task (1/year)

AOR Annual Operating Requirements (AOR)

For equipment in continuous operation, AOR is 8760 hours per year. AOR
can also have a different measurement basis (eg, driven distance in
kilometers or number of cycles instead of operating hours).

MTBF Mean Time Between Failure

Typically, operating hours are the measurement basis of the MTBF, but
there can also be a different (eg, driven distance in kilometers or number
of cycles instead of operating hours).

FMDR Failure Mode Distribution Ratio

Several parts inside an equipment can cause the failure of the equipment.
Each part/component within the equipment can be responsible for the
failure of the whole equipment, with a certain ratio.

Correction factor for MTBF (in case of special conditions at special
installation areas). This correction factor can differ at each installation
location of equipment, and can be especially relevant in the case of a
multiple installation of equipment.

Acorr

Correlation factor in case AOR and MTBF have different measurement
bases (eg, in case of a vehicle, the measurement basis for MTBF is
kilometers instead of operational hours).

i Index for the identification of the FMDR of the single failure mode within
the analyzed equipment.

k Number of different failure modes that are likely to accumulate.

The formula above can be considered a simplified option. It is possible to add the correction
factor 4., to consider the need for correction (eg, due to environmental conditions which
influence the reliability of the IUA). It is possible to use correlation factor A,z to consider

Applicable to: All S3000L-A-12-00-0000-00A-040A-A
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6.2

different measurement bases for AOR and MTBF. In case corrections or correlations are not
necessary, both factors equal 1.

Note
Within the LSA GC, the customer and contractor must harmonize and determine any
correction or correlation factor to be used in a project.

A more complex formula that takes into account other influence factors allows calculating task
frequency more precisely. The influence factors include:

— no failure found factors (eg, a built-in test cannot duplicate the failure)

— if the MTBF is not constant, but is a function of time MTBF(t), it is necessary to use integral
calculation

— different types of MTBF (eg, predicted, allocated, measured) to be selected

— correction required because of induced failures

The MTBF is particularly interesting when analyzing different types of equipment. The
distribution of the MTBF value over the entire life cycle of equipment can have a different
behavior depending on the type of equipment. MTBF values can change over the life cycle of
equipment. For example, a mechanical equipment with deterioration effects shows a different
behavior than an electronic equipment. Reliability analysis activities will perform such
examinations. Mathematical functions help describing in detail different failure distribution
behaviors as a function of time. In this context, refer to special literature concerning reliability.

In case of multiple installation of equipment, it is recommended to calculate the task frequencies
for each installation location separately. It is possible to summarize the calculated single task
frequencies for a required accumulation of task frequencies (eg, for maintenance tasks being
performed in a special repair shop). Depending on the installation area, the frequency of the
failure of equipment can be significantly different.

Task frequency for supporting tasks

It is not possible to calculate a task frequency for supporting tasks the same way as for
rectifying tasks. Usually, there is not a direct link between supporting tasks and any event like
rectifying tasks. However, rectifying tasks normally call supporting tasks by using references. By
adding the task frequencies of the referencing rectifying tasks, it is possible to use the simplified
formula below to calculate an accumulated task frequency of any supporting task:

n
TF:supp = Z /1(2 "TFrec

=1

Table 9 Formula symbols (task frequency of supporting tasks)

Formula symbol Explanation

TF,

Supp Task frequency of the supporting task (1/year)

TFrec,i Task frequency of the referencing rectifying task (1/year)

Ao Number of "calls" of the rectifying task for the supporting task to be
calculated

i Index for the referencing rectifying tasks

n Number of the referencing rectifying task

Applicable to: All S3000L-A-12-00-0000-00A-040A-A
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6.3

6.4

Since different rectifying or operational support tasks can reference a supporting task, the
calculation of a task frequency for the supporting tasks can be interesting for statistical figures
used to:

— identify maintenance drivers to be assessed for potential improvement of design
— quantify maintenance tasks depending on the actual use/maintenance of an item

Example: Opening and closing of covers

Different rectifying tasks from many different LSA candidates can reference several times the
remove and install tasks of a cover. It can be important to know the frequency of
installation/removal of a cover within one year, because of the potential need for some spare
parts after a certain number of remove and install tasks. Inherent failures or actual damage that
require the removal or installation of the cover usually constitute only a small fraction of the
actual removal and installation activity. Many cases result from the need to gain access to other
equipment behind the cover.

Because of a frequent removal and installation of a cover, the design must be user friendly (eg,
use of quick release fasteners) and damage tolerant.

Note
Different types of events, which potentially can have impact among themselves, can trigger
the referencing tasks. For example, a failure or a PMTRI can trigger the replacement of an
item. As a consequence, a corrective replacement (with the interval being reset after
corrective replacement) influences the task frequency of the preventive replacement. Refer
to Para 6.5.

Maintenance tasks due to damages or special events

It is not possible to predict equipment failures for other reasons in the same way as described in
Para 6.1. In fact, it is only possible to make an estimate of the task frequency. If there is any
experience concerning the occurrence of damages or special events, for example with the help
of statistical investigations, the results provide an estimate of the frequency of these
unpredictable events and the corresponding maintenance tasks.

However, it is difficult to forecast the frequency of these events, it is important to get an estimate
based on the best information available. All maintenance tasks triggered by these events have
their corresponding requirements concerning material and personnel. It is necessary to take into
account these unpredictable events to estimate the resources and the capacity utilization.

Preventive maintenance tasks

In the case of preventive maintenance tasks with repeated time limits (often referred to as
interval), no additional calculation or estimation is required, because the corresponding PMTRI
and a later packaging of preventive maintenance tasks (refer to Chap 10) determine the interval
of the maintenance activity.

It is possible to convert repeated time limits to task frequency values based on how often they
occur per year. It is necessary to relate each interval determined with a specific measurement
basis value to the annual operating requirements. The following simple formula calculates the
task frequency:

AOR
TFschea = T

rep

Applicable to: All S3000L-A-12-00-0000-00A-040A-A
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S30002

Table 10 Formula symbols (task frequency scheduled maintenance tasks)

Formula symbol Explanation

TFschea Task frequency of a scheduled task (1/year)

AOR Annual operating requirements

For equipment in continuous operation, AOR is 8760 hours per year. AOR
can also have a different measurement basis (eg, distances or number of
cycles instead of operating hours).

TLyep Repeated time limit (same measurement base as AOR)

Note
Preventive maintenance can use a more complex structure to determine different
thresholds, intervals and triggers for a scheduled maintenance task (refer to Chap 10). In
this case, it is often impossible to calculate a simple task frequency value.

6.5 Task frequency of replacement tasks
A specific situation concerning task frequency can occur if different types of events can trigger a
task. A typical example for this situation is the replacement of an equipment, as there can be
various triggers, including:

— replacement of equipment with a new one due to a failure or a damage (and due to the
required high availability of the complete Product, which means the Product cannot wait for
an equipment repair)

— replacement of the equipment because of a limitation by authorized life

— replacement of the equipment after a certain time limit due to a PMTRI

In this case, a simple mathematical formula is not suitable to calculate the final task frequency,
because the different characteristics of the replacements can have impact among themselves.
For example, an unscheduled replacement due to an equipment failure will have an impact on
the preventive maintenance task with a fixed interval, because it is necessary to reset the
determined interval.

7 Task resources

7.1 General aspects
The identification of task resources for all identified tasks is crucial in defining the maintenance
solution and supporting the planning for a timely provisioning of all task resources. Task
resources can be:

—  personnel
—  material
e Spare parts
e consumables
e raw material
e support equipment (eg, special tools, handling equipment, test equipment, storage or
transport containers, standard hand tools)

— facility/infrastructure
— documentation

During the development of a Product, material task resources such as support equipment and
facility/infrastructure, are often developed in parallel. In this case, the MTA can identify the need
for a resource, which normally leads to the creation of a specification document including the
requirements for the identified resource. LSA data can document this to indicate the identified
task resources, and confirm the provisioning process has started by creating a task resource

Applicable to: All S3000L-A-12-00-0000-00A-040A-A
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specification (material resource by specification, refer to Chap 19). After the completion of the
development and/or provisioning process for a specified task resource, the concrete material or
facility/infrastructure resource can be documented in the LSA data and it is possible to relate it
to the corresponding resource specification.

7.2 Task resource assignment

It is necessary to assign the task resources at the relevant level within the task itself. Generally,
a user of a maintenance documentation must be able to identify the need for a resource within
the sequence of the task. With respect to training, it is interesting to determine which personnel
needs appropriate competence to use and/or operate a special support equipment. The
principle of the structure of tasks (refer to Para 5), which can be organized by subtasks
including references to supporting tasks, determines resources allocation. It is recommended to
follow the basic principle that each resource is linked to the activity that requires that resource.

In general, the S3000L data model allows analysts to assign task resources to the complete
task or to a subtask within a task. Refer to Chap 19. However, it is required to determine the
consequences of a resource assigned to the entire task.

— Is the resource valid for all subtasks (including subtasks by reference) within the task (eg,
assigning personnel resources at task level)?

— Is the resource the result of an aggregation and consolidation of resources coming from
subtasks (by definition and by reference)?

For a clear understanding, it is recommended to establish appropriate business rules, for
example within the LSA GD.

Table 11 gives an overview of potentially typical assignment methods for task resources.

Table 11 Assignment of task resources

Task resource Assignment aspects
Personnel task Personnel is assigned to the subtasks that require it. If the complete
resources task requires the same personnel, it is possible to assign it to the

task instead of each single subtask (as determined by specific
business rules).

Material task resources - Spare parts and consumables are typically assigned to subtasks,
spare parts and where they are required.

consumables As an alternative, an aggregation and consolidation approach
allows spare parts and consumables to be assigned to the complete
task. Specific business rules must determine this approach.

Material task resources - Raw material is typically assigned to subtasks, where it is required.

raw material Often the raw material can be assigned to those subtasks, where
the preparation is performed before finally install the modified raw
component into the Product.

As an alternative, an aggregation and consolidation approach
allows raw material to be assigned to the complete task. Specific
business rules must determine this approach.

Applicable to: All S3000L-A-12-00-0000-00A-040A-A
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Task resource

Assignment aspects

Material task resources -
Support equipment

Facilities and
infrastructure task
resources

Document task
resources

Support equipment is typically assigned to the subtask that requires
it. If the complete task requires support equipment, it is possible to
assign it to the task instead of each single subtask. Specific
business rules must determine this approach.

Note
Support equipment indicates tools or test equipment. However,
it is necessary to consider also support equipment for
operational support like transport or storage containers, fixation
belts or ground-handling devices for an aircraft (eg, a towing
bar for aircraft).

It is also possible to add information about which personnel uses or
operates which support equipment. Within complex subtasks,
different people can use different pieces of support equipment. For
training requirements, it must be possible to associate support
equipment with the relevant personnel resource.

Facilities and infrastructure are typically assigned to a complete
task.

A document task resource identifies a document (including digital
documents) to be filled out in the context of a close-up paperwork.

Note
Typical task resources usually do not include the required
technical publications (eg, maintenance manuals) that support
the performance of a task. The document assignment
mechanism must assign those documents to the relevant
task/subtask. Refer to Chap 19.

It is necessary to summarize and harmonize all resources from the subtasks and referenced
supporting tasks at complete task level. LSA data evaluation or reports concerning the different
resources (or even for all resources in one report) can provide this summary. Fig 8 provides an

example.
Install task for equipment A-001
Subtask Spare Consumables | Support Personnel | Personnel Personnel
parts equipment | [role] [competence] [labor time]
Install equipment Seal Adhesive C None Performer | Electrician(basic) | 1 min
A-001 into housing [1x] [as required] Helper Electrician(basic) | 1 min
Install attaching Washer | None Phillips Performer | Electrician(basic) | 3 min
screws A01 to AO7 [7x] screwdriver,
size 2 [1x]

Install safety screws None None Torque Performer | Electrician(basic) | 2 min
S01 and S02 wrench [1x]
Connect electrical None None None Performer | Electrician(basic) | 0,5 min
connector EQ1-013

ICN-B6865-S3000L0054-003-01

Fig 8 Example of task resources assignment at subtask level
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7.3

8.1

8.2

Table 12 summarizes the resources of the install procedure from Fig 8 at task level.

Table 12 Aggregation of task resources

Resource type Resource Quantity
Spare parts Seal 1

Washer 7
Consumables Adhesive C as required
Support equipment Torque wrench 1

Phillips screwdriver, size 2 1

Personnel Electrician (basic) 2

Note
It is necessary to distinguish each individual performing a task from one another. The
simplest differentiation is just indicating the number of persons, for example: person A,
person B, person C, etc. Additionally, it is possible to specify the role of a person within a
task, for example the performer, the helper, the supervisor, the auditor. These two
indications can be used together, for example: performer A, performer B, etc. The
corresponding business rules must address the use of role classification. Additionally, the
value of personnel labor time can exceed the task duration if two or more people work
simultaneously on the same subtask (refer to the first subtask in Fig 8).

Resources out of references

When using the methodology of referencing supporting tasks, it is necessary to take into
account that the referencing task will include the resources of the referenced tasks. At first
glance, this seems to be an appropriate approach. However, this approach can result in a false
estimate of personnel requirements. Personnel with a lower competence usually performs
simple subtasks (eg, the removal of an access panel). Therefore, simple supporting task usually
indicate this type of personnel. In case a person with a higher qualification performs an
extended repair or replace task that references the supporting task, it is necessary to consider
that it will be very likely for the person with a higher qualification to perform the referenced
supporting task as well. The corresponding business rules must determine how to handle this
situation and how to document a potential change of personnel within a referenced supporting
task. It is also possible to use the definition of competences, which include other competences.

Task location aspects

It is possible to distinguish different location information types to cover all aspects concerning
the location where task performance occurs.

Location in conjunction with maintenance level

The most general information is the determination of a maintenance level. This indicates
whether a task performance occurs on customer site or on industry site. It is necessary to define
at an early stage the number of maintenance levels valid for the project (especially on customer
side), and this information will be later used within a LORA. Refer to Chap 11.

Location in conjunction with the Product itself

It is possible to align the location of a task in conjunction with the Product with the S1000D data
element Item Location Code (ILC). The terms on- and off- tasks indicate the location of the
maintenance activity with regard to the Product. An on-task concerning location means that the
activity is performed directly on the Product (eg, in or directly at an aircraft). A removal task of
an LRU is always an on-task, because the LRU is always removed directly from the Product. A
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typical example for an off-task concerning this type of location is the disassemble task after the
removal in a special maintenance shop.

8.3 Location in conjunction with the required facility
The attribute of a required facility is another piece of information concerning location of a task.
In addition to the maintenance level from Para 8.1 and the on- and off- information from
Para 8.2, the required facility is another typical attribute assigned at task level. The selection of
a facility object as the location of a subtask does not automatically fix the location information
concerning on- and off-activities. Examples for facilities are:
— individual workshops such as electronic shop or engine shop
— maintenance hangar
— dockyard
— clean room
8.4 Location in conjunction with a Product zone
If the Product is divided into physical areas (zones), this information serves as additional
information on the location of task performance. In this case, the location aspect relates to the
layout of the Product. The information helps estimating the amount of activity within each zone
of the Product. This can influence design, for example by making it easier to access a zone
where maintenance tasks frequently occur.
Note
The use of information concerning zones helps documenting the result of a zonal analysis
in conjunction with preventive maintenance. In this case, it is possible to document zones
using non-hardware breakdown elements. The identified PMTRI and the corresponding
tasks can be associated with the zonal breakdown elements (refer to Chap 4 and Chap 10).
9 Additional aspects for tasks
9.1 Product availability during maintenance performance
The impact of maintenance tasks on the operability of the Product is another important piece of
information concerning the Product and different systems within the Product. Examples of
impacts include, but are not limited to:
—  Product/system inoperable during equipment maintenance
In this case, the Product/system cannot be used during, for example, a repair procedure or
an inspection. The Product/system must wait until the completion of the maintenance task
before it is available again. A typical situation can be the removal of a defective component
and the repair of the defective component (eg, in a special maintenance shop). After the
successful repair, the repaired component will be reinstalled into the Product. During the
entire repair activity on the defective component, the Product/system operation is on hold.
—  Product/system operable during equipment maintenance with reduced capability
In this case, it is possible to use the Product/system during, for example, a repair procedure
or an inspection with reduced capability (eg, a specific subsystem is not available during
maintenance, but the rest of Product is fully operational).
—  Product/system operable during equipment maintenance
In this case, it is possible to use the Product/system with full capability during a repair
procedure or an inspection. A typical example can be a visual inspection task of some
equipment during full operation. For the inspection, there is no need to interrupt the
operation or the mission.
Note
The data element taskOperabilitylmpact in Chap 22 provides concrete examples for
classification values to describe Product availability during maintenance tasks.
Applicable to: All S3000L-A-12-00-0000-00A-040A-A
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530

Tasks and applicability

Maintenance or operational support tasks can vary depending upon the conditions during task
performance. The task itself can be nearly the same but require different or additional support
equipment, or it can be slightly different from the original one. In this case, it is recommended to
create different tasks to document the different "solutions" for the different conditions in which
task performance occurs. It is possible to assign the different solutions to specific applicability
statements. The following list gives a set of examples for the creation of corresponding
applicability statements for different solutions for specific tasks:

— performance of the task under different environmental conditions (eg, under tropical
conditions or under arctic conditions)

— performance of the task at a different location (eg, out of the area or in a workshop)

— performance of the task for another customer with different preconditions concerning
personnel and equipment available at the operational site

— performance of a repair task to provide a permanent repair or a temporary repair

— performance of a task under peace time or war time scenarios

Note
LSA data can include applicability statements as described above, which can also be
forwarded to technical publications. Refer to S1000D.

9.3 Task duration
Information on the duration of the task provides an overview about the capacity utilization of
personnel and material resources. Within the task, it is necessary to separate the duration of a
task and the working time of the personnel (also called labor time). Table 13 explains the
difference between task duration and labor time.
Table 13 Task duration and labor time

Time Description

Task duration Duration of the entire task. The duration documentation can relate to
either the entire task or the single subtasks. It is possible to calculate
the duration of the entire task as a proper accumulation of durations
coming from the subtasks including referenced supporting tasks and
taking into account parallel activities. Refer to Para 9.4.

Note
The term Mean Elapsed Time (MET) is also commonly used for
task duration.

Labor time Accumulated time of personnel work. It is possible to document this
time in relation to either the entire task or the single subtasks. If more
than one person is working at the same time on a task/subtask, it is
necessary to sum the labor time of all persons, taking into account the
different competences of each individual.

For example, three people with the same level of competence are
working in parallel on a subtask, which takes 20 minutes. In this case,
the documentation includes the following data:
Subtask duration: 20 minutes
Labor time: 60 minutes
Regarding times/durations of tasks, it is necessary to consider the type of documented duration.
The time doing the job is often the only documented type of duration. This means that all non-
productive activities (eg, paperwork) are usually not included. To take into consideration non-
productive times, it is possible to make an estimate in the LSA data.
Applicable to: All S3000L-A-12-00-0000-00A-040A-A
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9.4

Another aspect is the consideration of logistics delay times. LSA usually does not document any
delay caused by waiting times for support resources (eg, support equipment or facilities not
immediately available, waiting for personnel, waiting for material). To take into consideration
logistics delay times, it is possible to make an estimate outside the LSA.

Note
Task duration must include the waiting times caused by integral parts of a maintenance
task (eg, the curing of material or the drying of paint), which are therefore not considered
the same way as non-productive times or logistics delay times. The same holds for an
authorized inspection which is mandatory before moving to the next step of the complete
task. These easily predictable task portions can be documented within a task as a subtask
with its specific duration and support resources.

Parallel activities within tasks

It is necessary to consider the simultaneous performance of subtasks in more complex
maintenance or operational support tasks that contain many subtasks performed by different
people. Activities occurring simultaneously influence the duration of the complete task, as well
as the task resources concerning support equipment and personnel. Refer to the example in Fig
9:

t;=1min t,=4 min t;=8 min ty=12min ts= 15 min ts=18 min t;=20min

ST5 ST8
P3 JISEA}[SEB

P1

P1 §ISEA P1j P2 P2 | SEB P1

y

ST ST2 ST3 S5T4 ST6 ST7
1

+ + + 1 d
I I 1 1 f"me

Task duration = 20 min

Person 1, Mechanic basic Labor time =16 min
Person 2, Mechanic advanced Labor time = 8 min Labor time = 35 min

Person 3, Mechanic basic Labor time =11 min

Support equipment A
Support equipment B
ICN-B6865-S3000L0055-002-01
Fig 9 Parallel activities and their resources/durations

Subtask ST5 is simultaneous to ST3/ST4 and requires the support equipment SE A and SE B.
For subtask ST5, it is possible to use the same support equipment as in subtask ST2, because
these activities are not performed in parallel. The consequence for the complete task is the
requirement of one piece of support equipment SE A. The situation is different for support
equipment SE B. Subtasks ST4 and ST5 occur simultaneously and both require SE B. This
means two pieces of support equipment SE B are needed for the complete maintenance task.

The situation is similar for personnel as well. The person with the basic mechanic qualification is
required for subtasks ST3 and ST5, occurring simultaneously, as well as for ST7 and ST8. This
requires an additional person P3 with the same qualification as person P1.

Table 14 shows the differences between a simple approach using a sequential methodology (ie,
one subtask after the other) or the possibility of simultaneous activities.

Applicable to: All S3000L-A-12-00-0000-00A-040A-A
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9.5

9.6

Table 14 Comparison of resources for sequential or parallel subtasks

Step by step sequence Parallel activities

Task duration: 35 min Task duration: 20 min

Support equipment requirements:

SEA:1 SEA:1

SEB: 1 SEB: 2

Personnel requirements:

Mechanic basic: 1(P1) Mechanic basic: 2 (P1 and P3)
Mechanic advanced: 1(P2) Mechanic advanced: 1(P2)

The S3000L data model allows documenting both the parallel and sequential performance of
subtasks. Refer to Chap 19. In addition to the simple attribute of a subtask duration, it is
possible to use a timeline construct to document parallel activities, with a clear indication of the
start and the end of each subtask. Additionally, a timeline leg is defined, for example, for waiting
times before the dependent subtask can start. In this context, LSA data evaluation can help
create a draft version of a working plan, for example by obtaining a graphic schedule of a
maintenance task directly from the LSA data.

Training requirements

Information on the level of competence of personnel performing any task documented in the
LSA data can provide the basis for the identification of training requirements. In this context, it
must be distinguished between special training needs and training needs covered by normal
professional education. However, especially in many international projects, education and
potential certification in each nation can make it difficult to identify general training needs valid
for each individual customer and/or Product operator.

To support TNA there is a need to document special training requirements to perform a
maintenance or operational support task. For this reason, the task analysis must consider the
requirements at subtask level (eg, the use of a complex support equipment that requires
training), as well as at task level, to assess the complexity of the task as a whole. The aspects
under consideration are:

— the section or department in charge of the task

— the selected skill level of personnel performing the subtask
— the need for team training due to the complexity of the task
— the use of special support equipment that requires training
— required special training to perform the task/subtask

— required training methods

— required experience to perform the task/subtask

— the complexity of the task as a whole

The information concerning training can be collected at task or subtask level. At subtask level, it
is possible to analyze each activity in detail and to assign special support equipment to the
person performing the activity. Training information collected at task level is valid for all
subtasks (eg, determination of a general competence required for the task).

Circuit breaker settings

The correct setting of circuit breakers is often an important part of a subtask, or even a subtask
in itself. It can be necessary to set several circuit breakers in a specific sequence. In the
S3000L data model (refer to Chap 19), it is possible to assign the circuit breakers and the
corresponding settings (including the sequence) to a concrete subtask. This helps in

Applicable to: All S3000L-A-12-00-0000-00A-040A-A
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10.1

determining the important preconditions concerning circuit breakers to perform the subtask in a
safe condition.

Examples for different maintenance solutions

The following examples provide a better understanding on how to assign tasks to the
corresponding LSA candidates and how to document the different maintenance solutions. The
equipment (control computer) which is used for the examples is illustrated in Fig 10. The
complete control computer is installed in a land vehicle and is represented by a breakdown
element within the Product breakdown of the vehicle. The realization of the breakdown element
(BEI = PRD-A-46-01-01) is done by the installation of the control computer with a part identifier
A-001.

Control computer

Breakdown Element Identifier: PRD-A-46-01-01
Part Identifier: A-001
Manufacturer: Company A

Computer case
Part Identifier: BN-094RT  (Company B)

Mainboard
Part Identifier: MB-000034-F (Company C)

Processor
Part Identifier: PI-F707 (Company E)

Network Card
Part Identifier: NC-98011 (Company C)

Power supply
Part Identifier: PS-DF450 (Company D)

Connector
Part Identifier: PS-DF411-0C (Company D)

Transformer
Part Identifier: PS-DF411-0T (Company D)

ICN-B6865-S3000L0050-002-01

Fig 10 General equipment example

The following examples also provide a better understanding about how different frame
conditions or requirements given by operational needs of the operator can influence
maintenance tasks. The examples illustrate the diversity of maintenance solutions and the
corresponding tasks. They go from a rather simple situation like an equipment replacement to
an extended situation with several activities at several maintenance levels.

Example 1: Major failure, computer case broken
Event:

Complete malfunction of the control computer due to a broken computer case after a heavy
shock. No repair possible, the complete control computer must be replaced.

Special operational requirements:
None

LSA candidate:

Applicable to: All S3000L-A-12-00-0000-00A-040A-A
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Control computer (breakdown element)

Rectifying maintenance task for the event:

Replace the control computer at its installation location. Refer to Table 15.

Table 15 Subtasks for example 1

Step Description

Maintenance level/task location

1 Remove the faulty control computer
2 Install a new control computer
3 Test the new control computer

Customer's vehicle workshop
Customer's vehicle workshop

Customer's vehicle workshop

Potential follow-on tasks after the rectifying task:

— disassemble faulty control computer to recycle reusable components

— disposal of all components which cannot be recycled

10.2 Example 2: Failure of the mainboard, case 1
Event:

Failure of the mainboard, the specific failure is not repairable by changing components on the

mainboard.

Special operational requirements:
None

LSA candidate:

Control computer (part)

Rectifying maintenance task for the event:

Repair control computer by replacement of mainboard. Refer to Table 16.

Table 16 Subtasks for example 2

Step Description

Maintenance level/task location

Remove the faulty control computer
Disassemble the faulty control computer
Remove the faulty mainboard

Install a new mainboard

Assemble the control computer

Test the control computer in the workshop

Install the repaired control computer on vehicle

0o N o o~ W DN P

Test the function of control computer after
installation on a vehicle

Customer's vehicle workshop

Customer's computer workshop
Customer's computer workshop
Customer's computer workshop
Customer's computer workshop
Customer's computer workshop
Customer's vehicle workshop

Customer's vehicle workshop

Potential follow-on tasks after the rectifying task:
— disposal of the mainboard

Applicable to: All S3000L-A-12-00-0000-00A-040A-A
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Note
It is also possible to include only subtasks 2 to 5 in the repair task, as the other subtasks do
not relate directly to the pure repair activity. All tasks related to preparation or close-up can
be regarded as not being relevant for repair. In this case, it is necessary to document the
preparation (eg, remove equipment) and close-up activities (eg, test in workshop,
installation, further test at the installation location) as separate tasks, and link them to a
corresponding task requirement. The adopted methodology will determine how to organize
the different types of tasks. This is also valid for all examples in Para 10.

10.3 Example 3: Failure of the mainboard, case 2
Event:
Failure of the mainboard, the specific failure is repairable by replacing a component (eg,
processor) on the mainboard. The replacement of the processor can occur at customer site.
Special operational requirements:
None
LSA candidate:
Control computer (part)
Rectifying maintenance task for the event:
Repair the control computer by repair of the faulty mainboard (ie, replace the faulty processor).
Refer to Table 17.
Table 17 Subtasks for example 3
Step  Description Maintenance level/task location
1 Remove the faulty control computer Customer's vehicle workshop
2 Disassemble the faulty control computer Customer's computer workshop
3 Remove the faulty mainboard Customer's computer workshop
4 Repair the faulty mainboard by replacement of Customer's computer workshop
the faulty processor
5 Install the repaired mainboard on the control Customer's computer workshop
computer
6 Assemble the control computer Customer's computer workshop
7 Test the control computer in workshop Customer's computer workshop
8 Install the repaired control computer on vehicle Customer's vehicle workshop
9 Test the function of control computer after Customer's vehicle workshop
installation on a vehicle
Potential follow-on tasks after the rectifying task:
— disposal of processor
The solution described above has an impact on the availability of the Product. The Product is
not used before the completion of the repair activities. During repair time, the Product is not
operable. A possible alternative solution is replacing the complete control computer and
repairing the faulty unit later, when the Product is already in use again. Table 18 describes the
two corrective maintenance solutions and their corresponding consequences.
Applicable to: All S3000L-A-12-00-0000-00A-040A-A
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Table 18 Influence of corrective maintenance options on Product's availability

Product waiting situation = Consequence

Case A: The entire equipment is not needed as a spare part, because
the same equipment will be reinstalled, after a successful

Product is waiting for repair A
repair, into the Product

of equipment
Spare parts to repair the faulty equipment are required.

Product availability is reduced due to the waiting time.

Case B: The entire equipment is needed as a spare part because a new
equipment will be installed to repair the Product and allow

Product is not waiting for ) :
reusing the Product as soon as possible.

repair of equipment
The repair of the equipment will occur later when the Product is
already in use. Spare parts are necessary to repair the faulty
equipment.

Availability of the Product is better than the availability in
case A. There is no extended waiting time for the completion of
the equipment repair.

10.4 Example 4: Failure of the mainboard, case 3
Event:
The specific failure of the mainboard is repairable by replacing a component (processor). The
replacement of the processor can only occur at industry level. The customer does not want to
wait until the mainboard is repaired at industry level.
Special operational requirements:
The vehicle must be available again as soon as possible. No acceptable waiting time for the
control computer repair.
LSA candidate:
Control computer (breakdown element)
Rectifying maintenance task for the event:
Replace the control computer. Refer to Table 19.
Table 19 Subtasks for example 4
Step  Description Maintenance level/task location
1 Remove the faulty control computer Customer's vehicle workshop
2 Install a new control computer Customer's vehicle workshop
3 Test the new control computer Customer's vehicle workshop
Potential follow-on tasks after the rectifying task:
—  repair the faulty control computer by replacement of the mainboard
LSA candidate for the follow-on task: the control computer (part), refer to example 3 in
Para 10.3
—  prepare for transportation and transport the faulty mainboard to industry
LSA candidate for the follow-on task: mainboard (part), the task will be described in the
LSA as an operational support task
Applicable to: All S3000L-A-12-00-0000-00A-040A-A
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— repair faulty mainboard by replacement of the processor at industry (industry task = no
need to include this task in the LSA data)

Note
Example 4 is more extended and shows more follow-on tasks. It is obvious that the
distribution of activities influences the requirements for task resources, the means to make
available spare parts, support equipment and competent personnel at the corresponding
facilities where the different tasks are performed. For example, after a successful repair of
the mainboard at industry, it will be sent back to the customer and will be available again as
a spare part for further repair tasks. Different maintenance solutions have a significant
impact on spare part life cycle.

10.5 Example 5: Complex maintenance procedure on several levels
Event:
Failure of the power supply. The faulty part is repairable at operational site by replacing the
component (transformer). The replaced component is repairable at an industry site or at a
special maintenance facility of the customer.
LSA candidate:
Control computer (part)
Special operational requirements:
None, Product can wait for the corrective maintenance of the equipment.
Rectifying maintenance task for the event:
Repair the control computer by replacement of power supply. Refer to Table 20.
Table 20 Subtasks for example 5
Step  Description Maintenance level / task location
1 Remove the faulty control computer Customer's vehicle workshop
2 Disassemble the faulty control computer Customer's computer workshop
3 Remove the faulty power supply Customer's computer workshop
4 Install a new power supply Customer's computer workshop
5 Assemble the control computer Customer's computer workshop
6 Test the control computer in workshop Customer's computer workshop
7 Install the repaired control computer on vehicle Customer's vehicle workshop
8 Test function of control computer within the Customer's vehicle workshop
vehicle
Potential follow-on tasks after the rectifying task:
— repair of power supply by replacement of the transformer at customer site
LSA candidate for the follow-on task: power supply (part). Task will be included in the LSA
as a rectifying task.
—  prepare for transportation and transport faulty transformer to industry or to specific
maintenance facility of the customer (both tasks are possible, as described above).
LSA candidate for the follow-on task: transformer (part). The task will be included in the
LSA as an operational support task.
Applicable to: All S3000L-A-12-00-0000-00A-040A-A
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10.6

repair faulty transformer at specific maintenance facility of the customer.
LSA candidate for the follow-on task: transformer (part). Task will be included in the LSA as

a rectifying tasks.

repair faulty transformer at industry (industry task = no need to be included in the LSA)

Summary of examples

The examples within Para 10 show a variety of maintenance solutions/scenarios. The examples
are just a part of the possible scenarios and solutions. The aim of these examples is to highlight
that there are, in general, different possibilities to implement maintenance solutions.
Considerations on the most effective maintenance solution for the specific usage scenario for
an individual customer always take part in the choice of the specific maintenance task, at a
specific maintenance level or at a specific facility. Several criteria can influence this selection

and

can be, but are not limited to:

the dominating aspect is the availability of the Product, need to minimize down time
the dominating aspect is cost, maintenance must use the most cost-effective approach
the degree of capacity utilization concerning customer-operated maintenance facilities must

be high or at least on a specific level

the need to minimize dependency from industry support (this aspect can be especially

relevant for military products)

the need to preserve on establish competence on customer side
the maintenance strategy is pre-assigned, no foreseen repair activities at customer site

the lack of capabilities on customer side

11 Associated parts of the S3000L data model

The documentation of the associated data to this chapter is supported by the following Units of
Functionality (UoF), refer to Chap 19:

S3000L UoF Change Information
S3000L UoF Circuit Breaker
S3000L UoF Competence Definition
S3000L UoF Environment Definition
S3000L UoF Facility

S3000L UoF LSA Candidate
S3000L UoF Location

S3000L UoF Performance Parameter
S3000L UoF Resource Specification
S3000L UoF Task

S3000L UoF Task Requirement
S3000L UoF Task Resource
S3000L UoF Task Usage

S3000L UoF Time Limit

Applicable to: All

End of data module

DMC-S3000L-A-12-00-0000-00A-040A-A_003-00_EN-US.docx

S3000L-A-12-00-0000-00A-040A-A
Chap 12
2021-04-30 Page 33



530

_f E

S3000L-B6865-03000-00

Chapter 13

Software support analysis
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1 General
11 Introduction

1.2

1.3

In modern products, supportability aspects for software have become increasingly important.
Complex software packages support or realize functionality more and more. Concepts and
processes for hardware components are established to guarantee full Product supportability
during its entire life cycle. The appropriate tool to achieve this goal for hardware is the LSA
process. In principle, the same requirements apply for software. Hardware and software are of
equal importance for a Product's proper operation. For this reason, it is possible to apply an
analysis methodology called Software Support Analysis (SSA) to develop an adequate Software
Support Concept (SSC). SSA is a methodology that analyzes software with the purpose of
supplying the customer with all necessary information to establish an effective SSC. This
comprises at least the identification of required support equipment, software tools, and
personnel with corresponding competence, technical documentation, facilities and
infrastructure.

An SSC takes into account all activities to enable a continuous usage of software within a
Product. To find a common understanding of software support, it is recommended that the
customer and the contractor harmonize a standardized concept for software support
documentation and include it in an LSA PP.

Analysis activities for software are like those for hardware, and they take into account software
operational and maintenance requirements. Special operational aspects are of particular
interest for Product users because of the influence on the day-to-day business. It is also
necessary to take into account aspects covering software modification, such as bug-fixing and
software improvement (eg, software upgrades).

Purpose

The means of LSA and SSA establish an appropriate support concept for such equipment. The
results of the various analyses allow to ensure the customer's needs on supportability,
readiness, and operability of hardware that contains software. The target readers of this chapter
are IPS managers and/or LSA analysts who analyze Products containing software, whether
they work for the contractors or the customers.

Scope

This chapter provides the supportability analyst with guidelines for handling the specific
requirements concerning software with respect to maintenance and operation. This chapter
clearly defines the interrelation between software and hardware, and explains the method to
integrate software aspects into the overall LSA process.

With respect to software, it is necessary to make a distinction between operational/maintenance
aspects and real software modification. For example, operational aspects can include the
simple act of loading working software or required data to equipment within the Product,
whereas software modification covers aspects that deal with the update of the source code to fix
a problem, improve the performance of a software package, or adapt to changes in procedures,
data, or systems that affect the software performance.
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2 Software support analysis in the different project phases

Like the application of LSA, SSA is an analysis activity, which can be applied throughout the
entire life cycle of a Product containing software. In the different life cycle phases various
analysis activities must be performed. Refer to Fig 1. Depending on the phase, the importance
of some activities can increase, while the importance of other activities decreases. For example,
during the design and development phase, SSA is of high importance as it can influence
software architecture and design in terms of supportability requirements for future needs to
load, service, or modify the software packages. In an early concept phase, SSA helps to identify
basic software support requirements. During the in-service phase, aspects like those for
hardware are valid. Technical modifications will force the analyst to reassess the support
solutions for the affected hardware/software. For this reason, the depth of an iterative SSA/IPS
process will depend on the extent of the technical modifications. Basically, these activities are
the same as those in the design and development phase, and in the production and introduction
phase, but they are normally less extensive.

Early phases
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. . phase P
Risk reduction
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TIME >
First Final
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Software installation and configuration phase (additional to the periodic
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Fig 1 Software support analysis in the different project phases

In the disposal phase, it is important to handle software and/or data during the disposal of
hardware. It is necessary to ensure data handling complies with the project's requirements and
it is mandatory to erase sensitive data from scrapped hardware.

For archiving purposes, it is necessary to preserve existing data from disposed hardware
components. In case existing data is needed for further operation of a new Product, it is
essential to analyze feasibility of data migration and establish a concept for data migration.
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Breakdown concept

Chap 4 provides guidance on the development and assignment of a BEI for hardware and
software with physical and functional breakdown examples. It is recommended to follow this
guidance and the examples for the development of breakdown relationships between software
and hardware.

It is possible to obtain a BEI for software like the BEI for hardware by following the concepts of
physical or functional breakdowns. However, due to different characteristics, it can be difficult to
associate software within the traditional physical/functional breakdown. This applies to complex
systems (eg, modular avionics), where the physical location of a specific software can be
unclear. Often, software is not a clearly defined physical entity, therefore it can be difficult to
identify the appropriate indenture level for the software item within a physical or functional
breakdown. Even in the case of a clear assignment of software to hardware, the question can
arise as to where the software can be allocated:

— Is it part of the hardware element where the software is loaded?
— Is it part of the hardware element where the software is executed?
— Isit part of the hardware element where it physically is installed?

In this context, the breakdown is different from the traditional physical/functional hardware
breakdown and it is important to establish a consistent approach. The physical breakdown can
be used to identify software within a Product breakdown for operational purposes, and provide
the necessary software view for traditional maintenance purposes. The functional breakdown is
a software engineering view that shows the modifications and integrations to the software, and
provides the relationships between the different software elements to be considered in case of
redesign.

3.1 Functional and physical breakdown principles
Normally, operators can handle the software items identified within a physical breakdown. This
software must be considered for operational aspects such as loading/unloading. The software
can be documented at different indenture levels of the Product breakdown.

The allocation of physical software to a specific indenture level is driven by the need to maintain
an adequate configuration control of the Product and to underline the supportability impact that
said software can have on standard operation and maintenance. Traditionally, software was
assigned to a hardware element. New configuration management issues and approaches have
changed this concept and now, software can be represented by a (BE and/or a part/component
within the LSA data. Refer to Para 3.3.

Software items identified within a functional breakdown are used to describe the
functional/design aspects that are important for software designers, especially since this type of
breakdown usually indicates the need for integration with other software, and it must be
considered for software modification support. Therefore, it is important that the functional
breakdown follows the software design as closely as possible.

3.2 Physical software categories
There are three categories of physical software:

— Field Loadable Software (FLS)
—  Shop-Loadable Software (SLS)
— resident software (also called firmware)

The concept for the three categories is established in the configuration management principles
that control the configuration of a specific Product.
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3.2.2

3.2.3

3.3

3.4

Field loadable software

FLS is any software that can be installed on one or several pieces of equipment in a
Product/system without the need to remove the equipment from its installation location. FLS is
considered as an item within the Product breakdown. Therefore, FLS modification results in a
change of the FLS part identifier and configuration of the system or Product where it is installed.
FLS loading does not cause a change in the part identifier of the hardware. FLS loading affects
the Product configuration because the function of the Product can change when using a
different piece of software.

Shop-loadable software

SLS is any software that can be loaded into an LRU, but requires the removal of the LRU from
its installation location on the Product. Replacing any hardware component is not required. A
modification of the SLS changes not only the part identifier of the SLS, but can also change the
part identifier of the LRU to which it is loaded. The same happens when a Shop Replaceable
Unit (SRU) is replaced by a different one, to maintain the form, fit and function principle that
drives configuration management (ie, the function changes when replacing software by different
software). In this case, the change in the hardware part identifier affects the Product
configuration.

Resident software/firmware

Resident software is any software that can be loaded into an LRU or SRU but requires the
removal of LRU/SRU from its installation location on the Product and can also require the
replacement of a component where the firmware is installed. Although resident software can
have its own part identifier. When it is installed on a component or loaded onto an SRU, the part
identifier for the component or SRU will change. This can also entail a change to the part
identifier of the LRU at the next higher level.

LRU and SRU aspects

The recommended way to handle software within an LSA Product breakdown is to identify
software as LRU, SRU or part/component, depending on the software category. This not only
simplifies the overall Product configuration management, but it also clarifies how to handle the
Product configuration when using FLS and there are no tags on the target hardware regarding
the software it contains. This is not an issue when the configuration is handled at the next
higher level.

Similarly, a software loading task due to a hardware repair can be integrated into the overall
maintenance tasks because a specific software SRU or LRU is affected. In principle, it is not
different from performing a task on a hardware SRU/LRU and subsequently performing
additional tasks at the next higher breakdown level. Therefore, a software loading task after a
hardware repair is similar to, for example, replacing a consumable.

Functional software categories

The functional software breakdown follows the software design requirements, as it is mainly
oriented towards software modification. It is possible to use the classic Computer Software
Configuration Item (CSCI), Computer Software Configuration (CSC) and unit level views.
However, contrary to “traditional” software engineering, it is also necessary to provide the higher
levels of abstraction (subsystem and system level), as they indicate interdependencies and
need for integration, including the need for system or subsystem level integration rigs. In this
context, software assembly items within a functional breakdown can support the grouping of
functionality that is documented using the same principle as that for assemblies within physical
breakdowns. It is possible to use said assemblies to provide a helpful additional level of
abstraction without changing the overall structure and functionality of the software design.

It is recommended to use a BE revision identifier in the event of a release of a software version
that significantly changes the software structure, functionality or supportability elements (eg,
change of programming language of a specific module) that can entail a modification of the
support tasks and/or support infrastructure. It does not provide any benefit to full analysis
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3.5

4.1

performance because there is just a change in an algorithm, but it can be essential if the
software class is likely to change.

Data

It is possible to handle data in a similar way to software, considering them from both the
physical and functional point of view. The peculiarity of physical data is that they can be
loaded/unloaded but also prepared, so it is not a pure software aspect. Software modification is
a design activity, while data preparation can be considered an operational activity. However, the
difference between the two activities is not always obvious.

In general, data can be included within the LSA data in the same way as software, including
preparation, if applicable. They can also be included in the functional breakdown to ensure
retention of configuration and dependencies. For example, a software modification can entail a
modification to the mission preparation systems.

Together with the customer, it is necessary to discuss and decide whether to consider data as a
software element, or as a special category within the LSA data. Though standards such as
RTCA/DO-178B include data in the software definition. Treating data as a separate element for
supportability purposes offers some benefits, eg, data is available as a BE to assign
loading/unloading tasks.

Software support analysis

SSA is a consistent methodology to guarantee proper software supportability throughout the
requirements, specification and design phases, to define the most cost-effective support
concept that meets the operational and software modification requirements. It is necessary to
establish an adequate support infrastructure before the Product enters the in-service phase.
The main goals of an SSA are to establish supportability requirements concerning software in
the early program phases, and to influence the software design to ensure supportability for both
Product operation and later modification processes. The standard SAE JA1004 (Software
Supportability Program) outlines a stand-alone software supportability program.

Software support analysis process - commonality with the

LSA process

In general, the SSA process covers supportability aspects that are like those for the LSA
process, as described in Chap 3. For Products that contain software as a basic element within
one or many pieces of equipment, it is necessary to apply a number of software support
activities, depending on the situations that trigger the need for support. In this area, there are
two main categories of analysis:

— operational/maintenance aspects (eg, loading of data or software to the corresponding
hardware, system recovery, data transport and archiving)

— software design aspects (eg, real modification of software for bug-fixing or improvement
purposes)

When carrying out SSA, it is necessary to consider the relationship and differences between the
two task categories, and the types of software items in the functional or physical Product
breakdowns. Typically, support activities not involving any modification are analyzed against
physical breakdown items. In all cases, LSA data include the analysis results concerning
operational aspects, including the description of tasks such as the loading of data and/or
software to the corresponding hardware element within the Product breakdown. After a change
in the equipment, for example, it can be necessary to reload software and/or data to the new
equipment or to configure it after or before installation into the Product. The use of hardware for
special purposes can require special software or data packages to support this kind of
operation. There are no changes to the software itself.

Normally, a software modification directly influences the software source code and involves
modifications to the source code. Since the requirements for these activities differ from the
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operational aspects concerning software, the relevant documentation is normally separated
from the support/operational aspects. In case software packages are analyzed to determine
their requirements for real software modification tasks, it is possible to treat said packages as
SSA candidates similar to LSA candidates for hardware.

4.2 Software support analysis candidate selection
In general, SSA candidates are either physical or functional BE that are subject to any kind of
SSA. Supportability significance drives the candidate selection. Due to the two main categories
of software support activities, candidate selection occurs separately for each support category.

4.2.1 Selection of physical candidates

42.1.1 Software
SSA candidate selection must take into consideration all software items that the operator can
load and/or install separately. The hardware item carrying the software can be a candidate item,
too.

For distributed software, the candidate can be a subsystem or a system within the Product
breakdown. Typically, loading and/or installation tasks are documented against the
corresponding hardware. It is possible to document other operational tasks against a software
BE as well (eg, transportation or distribution of software).

4212 Data
Data are usually electronic in nature, and handled similar to the corresponding software.
Therefore, it is possible to analyze together the support of software and dependent data
(although not in the same way). It is necessary to analyze each SSA candidate for special
support aspects for data. The analysis includes, but is not limited to:

— Does the required data preparation process need special software or hardware?

— Is a data validation process required?

— Are special transmission media or networks required?

— Are there special security aspects to data loading?

— Are there special compatibility requirements with the existing executable software?

— Are there special requirements concerning size and format (eg, databases, file formats)?

4.2.2 Selection of functional candidates
An SSA candidate identified in a functional breakdown must take into consideration all software
items that are subject to software modification activities. It is possible to use the following
questions to analyze each software item to decide whether it is subject to a software
modification activity:

— Are any support initiators expected for the software items that require a modification of the
software source code?

— Does the software item in the breakdown include all software within a functional system or
only within a physical equipment?

— Does the software item use a separate design?

— Does the development of the software item require special hardware and/or software tools?

— Does the software item contain proprietary software, such as run-time libraries or COTS
elements?

—  Are there different versions of the same software item for usage on different platforms?

—  Are there deviations of the software items to the general design environment?

4.3 Task requirements for software
Like the LSA methodology for hardware, the identification of any task requirement that initiates
maintenance activities is the starting point to document the relevant maintenance aspects. It is
possible to describe these events as "software support initiators" and to apply the event-driven
methodology to SSA. However, the events concerning software are somewhat different from the
events for hardware. They can be grouped according to the implications of:
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4.3.2

4.3.3

4.3.4

— operational events

— technical events

— software improvement requirements
— software failures

Operational events

This type of event relates to operational requirements. Operational events can be documented
within the related hardware item. The same applies to the corresponding operational task.
Typically, the covered aspects are:

—  Corrective or preventive maintenance tasks relevant for the computing hardware
After hardware maintenance, different types of tasks can be necessary (eg, reloading of
data and/or software, installation and configuration of software packages on new installed
equipment).

— Use (mission) preparation
Besides the installation of additional hardware, the preparation for use of a Product can
require the installation of supporting software packages or loading of special mission data.

— Post mission requirements
After Product use, it is necessary to unload or archive the data created during the mission.
Moreover, it is necessary to uninstall software packages required for a special mission, and
reconfigure the Product to a standard configuration.

Technical events

Besides hardware maintenance, other technical events can trigger software support activities.
These events normally require adaption of the existing software packages to the modified
environmental preconditions. Typically, the covered aspects are:

— changes to the parent hardware

— changes to the parent software (eg, upgrade of operating systems, corresponding database
systems or firmware)

— changes in the technology of interoperating systems

— changes in the technology of network interconnectivity

Software improvement requirements

Typically, software undergoes a constant improvement process. Normally, software release
changes take place at regular intervals, depending on the complexity and size of the software
package. Besides fixes to real software failures, the primary inputs for new releases are
dedicated user requirements or changes in the environmental preconditions. In this context,
improvement means the introduction of new features that improve or extend functionality, or the
usage comfort of an existing software package.

Software failures

Failures initiated by software are main support initiators. The reaction to these failures depends
on their severity. Not every failure caused by software will initiate an immediate software
modification activity.

For software failures, it is recommended that a classification concerning severity be introduced.
Refer to Table 2. For each failure class, it is possible to define a sequence of activities within an
SSC. In every case, proper documentation is required to support later diagnosis.
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Table 2 Failure classes

Class Description

Minor In general, these failures concern user comfort. In many cases, these events
are not real failures, but rather a deficiency in the design of software features.
In some cases, these minor failures can be actual failures, but other software
features, or an alternative handling can solve them.

However, it is recommended to collect, document and report these minor
events to the software support organization. This information can support the
incorporation of improvements into a future release of the software package.
Especially the correction of marginal insufficiency can considerably increase
user comfort and acceptance.

Medium These events cause decreased Product functionality. If this type of event
occurs, the user is not able to continue using the Product as expected.
However, the Product as a whole works without severe disturbance (eg, no
need for shutdown). It is possible to continue using the Product with reduced
performance or even with no restrictions at all.

These events normally need a timely correction, or at least a defined
workaround to deal with the failure until it is finally corrected. Normally, a
software modification is necessary.

Major A major software failure is an unacceptable event. This failure causes the
shutdown of the entire Product, or the necessity to operate the Product under
restricted conditions. The normal capability of the Product is significantly
degraded.

These events need correction as soon as possible. In case of emergencies,
the software support organization must react as soon as possible to restore
the entire Product to full operation. It is necessary to discuss and determine
the reaction times together with the customer.

It is not possible to treat software failure exactly like hardware failure. In the case of a hardware
failure, it is possible to clearly define any relevant maintenance activity, such as a repair by
replacement of components or a replacement of the LRU itself. In case of a software failure, it is
normally not possible to identify the required activity immediately. For example, a restart of the
Product can be sufficient, and the failure will not occur again. However, other types of failure
can be severe and lead to Product shutdown. In this case, it is better not to restart the Product,
to avoid the repetition of the failure and a further corruption of the entire Product.

Corruption of data or the executable code can be another important aspect. A virus infection or
corrupted carrying hardware (eg, the loss of functionality of a hard disk) can lead to the
corruption of data and code. In this case, there is no real inherent failure in the software source
code. This event is handled as an external damage.

FMEA/FMECA aspects

Since FMEA or FMECA, respectively represents an analysis method for the complete Product
(covering hardware and software aspects), the results of a technical FMEA/FMECA are relevant
for software. For any identified failure mode, it is necessary to determine whether the
associated functionality depends on or is provided completely by software. During the
design/development of the software, it is possible to use the information on this failure mode to
design a software architecture that eliminates, or at least mitigates, the possibility of software
failure that can cause a specific functional failure of the Product. In addition, the design can be
arranged to ensure that any such potential software failure is detected and recorded, including
its associated information, and that the Product continues operation in a safe mode.
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4.7

During the in-service phase, Product downtimes due to software failures drive the software
modification activities. A principle of the failure mode grouping (refer to Chap 7) is to group
together all software failures that lead to a specific system failure and to group together all
specific system failures that lead to the same request for software modification. The analysis
depends on the function that the software performs.

During the in-service phase, it is necessary to provide information to the software engineers on
specific failures, and to avoid unnecessary maintenance tasks due to software failures. The
possibility to identify and localize a software-specific failure for example by built-in-test capability
can avoid an unnecessary hardware removal/replacement (eg, a software failure cannot be
rectified by replacing the equipment) and cases of "no failure found" related to hardware.

Preventive maintenance analysis for software

PMA methods such as S4000P or Reliability Centered Maintenance (RCM) are not applicable to
software packages in the same way as those for hardware. Software failures are the result of
unintended effects of the software design. PMA is not effective in avoiding such failures, since
they result from design shortcomings. However, some software failures can affect safety. The
results of PMA carried out for a piece of hardware containing software can identify preventive
maintenance tasks that are operational in hature and concern software (eg, a mandatory
software test before a mission). However, it is still a preventive maintenance analysis for
hardware taking into account software elements as potential failure causes.

A PMA on the software itself can result in a periodic assessment of the software during its life
and not in preventive maintenance tasks performed on the relevant hardware. Software shows
a bathtub curve for failure, with many failures, initially. Bugs are fixed with successive software
releases leading to a stable behavior. During later releases, failure rates can increase again due
to the increasing degradation of the software, modified beyond its initial scope. A periodic
assessment of the failure rate can determine whether the software is reaching its end of life:

— due to increasing software failures because of too many modifications and alterations

— due to failure of the underlying hardware or operating system to process the added
functionality. This can lead to either a software rewrite or perhaps a complete equipment or
even system redesign.

LORA aspects

A LORA procedure (refer to Chap 11) can identify a proper maintenance level for a software
related support task. With respect to operation, the performance of support tasks related to
software or data loading can be covered within a LORA for the hardware-related tasks, or at
least by a similar process.

For software modification, detailed information about equipment (software development
environment concerning hardware and software developer tools) and adequate personnel
competence is required. In addition, contractual warranty and software ownership can influence
the identification of an appropriate support level for software modification activities. For
management tasks, the process also becomes important to determine the best location to
perform tasks such as the production of software or data media.

Software support tasks

After the identification of the relevant task requirements (software support initiators), it is
necessary to identify the appropriate tasks (operational support/maintenance tasks or
modification tasks). The goal is to define all operational, maintenance or modification tasks,
their related resources, and additional task characteristics such as duration, manpower
requirements, preconditions or safety conditions.

SAE JA1005, Software Supportability Implementation Guide, provides guidelines to the analyst
regarding which type of software support tasks can occur depending on different task
requirements. Refer to Para 5.
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Software support concept framework

Achieving a proper supportability framework is one of the most important design principles for
software, in a similar way as for hardware. To this end, it is required to establish an SSC at an
early stage of the software design process. The earlier the design pays attention to support
requirements, the better the supportability will be.

It is recommended to give a guideline to the supportability analyst using this specification. The
guideline must cover all the important areas concerning software support and must consider
contractual agreements between the customer and the contractor. All aspects can be tailored to
the required extent of the project.

Note
An SSC can have different perspectives, all interconnected and influenced by each other.
Refer to Fig 2.
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Fig 2 Aspects of an SSC framework

The extent of a software development or procurement project determines whether the process
to establish an SSC can be included in the overall LSA process (refer to Chap 3). The
procedures of the general LSA process can cover the aspects of software support. Relevant
documents such as an ORD or CRD can also cover software support aspects concerning the
required usage information. The LSA GC also covers the software support aspects and the
relevant contractual agreements, documented in the LSA PP and/or LSA GD. The candidates
for a detailed SSA can be added to the CIL. It is also possible to include the rules for SSA
candidate selection in the LSA GD.

For complex Products with a considerable amount of software, it is recommended that software
supportability be treated as a separate topic. It is possible to create and implement a separate
SSA program plan, and to hold a separate GC for software aspects. However, it is necessary to
consider the interaction between hardware and software development. Software is designed to
address functionality of hardware components. Therefore, both must work together, and it is
necessary to harmonize, document, review and put into practice processes that guarantee
proper cooperation. Refer to SAE JA1006, Software Support Concept.

51 Software support profile
The software support profile (refer to Fig 2) takes into consideration the location of the software
support, the organizations and individuals that are the relevant stakeholders in a software
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support environment. Additionally, it is necessary to discuss and agree with the customer the
processes regarding how the different instances work together in an integrated way.

5.1.1 Support levels
For software, the levels of support can be addressed in a way similar to the maintenance levels
for hardware within the LSA. The support levels for software can differ from the hardware
support levels and can be used as input to the LORA decision process for software. In addition,
classification is similar to the maintenance levels for hardware, but some special aspects
concerning software can be considered additionally. Table 3 provides examples for software
support level definitions.
Table 3 Examples for software support level definitions
Support level Description
Level 1 This support level describes the location at which software is
(operational level) in operational use. Within this level, normally only simple
support tasks can be carried out. These tasks are typically
covered by the operational support.
Level 2 An intermediate support level can cover all support activities
(intermediate support level) which are related to operational support but also to
management support. User support in the form of a help desk
or a hotline can also be covered by an intermediate support
level. Activities can be software upload/download, firmware
update or installation of patches. Typically, the intermediate
support level for software is located near to the operational
area but is not part of the operational site.
Level 3 This support level is normally located at a central site. It can
(high support level) cover activities from the management support and
modification support. Software packages characteristics (eg,
complexity, size, modularity, programming techniques) and
available equipment (eg, tools, personnel, facilities and
infrastructure) of support sites determine the extent of the
capability to modify software packages.
Level 4 Vendor level is normally the highest qualified support level for
(software vendor and/or demanding tasks concerning software modification. In many
original developer) cases, the vendor is the original developer of the software,
and has competent personnel and all necessary developer
tools available. This level is often selected for modification
support because the user itself does not have the required
capabilities for these complex support tasks. Additionally, it is
necessary to consider aspects of responsibility and liability,
which can force the user to address software modification to
the original vendor.
5.1.2 Support roles

As a first step to define software support roles, it is necessary to clarify customer (buying

department and users) and supplier (vendor and technical support personnel) roles. As a

second step, it is required to allocate the roles concerning software usage and support to

personnel who can offer the required services. These roles can be:

— simple users without any rights to modify or recover any software system (not a real
support role, but in general only a service receiver). The main task of a simple user is to
keep the software operationally running and report any software-related failure.
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—  power users with some basic knowledge and the ability to perform a system recovery. With
respect to software support, this role can perform simple operational support actions to
keep the software running, such as loading mission data. Normally, a power user does not
perform any software modification activity.

— system administrators, who are power users on a higher level. They must be able to cover
all activities concerning operational support and eventually management support. System
administrators handle direct support for simple users or power users who work with the
software packages. Normally, a system administrator is not involved in any software
modification activity. Typical system administrator activities include software configuration,
for example changing performance parameters, granting of user access rights, loading
additional software packages, or installing updates.

—  service providers, who can provide qualified operational support and additional services,
such as a hotline. Service providers can be located onsite with the customer and vendor,
and in some cases, are able to provide modification support.

— vendors or original software developers, who can provide modification support up to the
highest support level. Vendor support is normally located off site.

All these roles must be equipped with the required competence and access rights necessary to
carry out their tasks. The SSC describes all roles, including their profile. It is necessary to define
and document the limits of competence clearly, and all affected personnel must accept them.

Support scenario

For an appropriate planning of a software support scenario, it is advisable to describe use cases
for the different support roles and support levels, indicating how the different resources at
different locations work together, and which processes are the basis for the cooperation. The
customer and contractor must agree, implement, and control this support scenario.

Software support classes
The quality aspect of an SSC includes all objectives involved. The software support classes
ensure compliance with the rules by means of implemented and used quality standards.

Processes

The customer/user and the software support provider must discuss all established processes
and provide written documentation on the implementation of these processes. The
documentation must clearly address process characteristics including inputs, outputs, controls,
and resources:

— Is there any written documentation of the process (eg, flowcharts, descriptions,
requirements, responsibilities)?

— Is there an accepted standard to describe the relevant processes (eg, international or
company internal)?

— Are there any measurable parameters for performance control, and how is performance
control measured?

— Are inputs and outputs, procedures, requirements and effective control mechanisms
defined and documented?

Product

It is advisable to address supportability aspects as early as possible in the software Product
characteristics. Inherent quality characteristics of software depend on the level of quality of
software design. Requirements for a good software design include many aspects, starting with
the software specification and ending with a perfect user handling, supported by a proper
graphical user interface. Typical quality aspects are:

—  modularity

— changeability and expandability
— simplicity and easy handling

—  stability and consistency
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— performance concerning processing speed
— instrumentation (in the sense that the software is purposely instrumented for an
understanding of how it is operating)

If the software development process considers these aspects in detall, it will be easier to handle
and support the software package during operation. However, even well-designed software can
cause problems if the implemented support concept is insufficient.

5.2.3 Environment
Environmental aspects affecting quality start with the personnel involved in software use and/or
support. To implement proper software support, it is essential to address personnel
characteristics thoroughly:

— Who is the right person for a software support job?

—  What are the required skill levels and experience?

— How many persons are required to guarantee a trouble-free software support?
— What is the level of motivation of the personnel?

— What employee turnover can be expected?

Not only personnel aspects influence the quality of the environment. Simple aspects such as the
quality of facilities and infrastructure, computer workplace equipment and size of offices can
affect the quality of the support services.

5.3 Software support tasks
Support tasks related to software fall into categories depending on:

— Is the task a simple software loading/unloading task, or a simple software transfer task (eg,
from a device A to a device B)?

— Isit necessary to remove hardware from a Product to load/unload software?

— Is the maintenance task associated with any case of failure recovery or documentation of
software problems?

— Is any case of software modification involved?

Note
Software modification leads to a wide area of specific activities, which software design and
development activities must address in detail.

5.3.1 Operational support tasks
The operational support tasks describe all activities associated with the day-by-day operation of
the Product. However, the qualit