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1. SCOPE

This SAE Aerospace Recommended Practice (ARP) provides recommendations for the development of aircraft and
systems, taking into account aircraft functions and operating environment. It provides practices for ensuring the safety of
the overall aircraft design, showing compliance with regulations, and assisting a company in developing and meeting its
own internal standards. These practices include validation of requirements and verification of the design implementation for
safety, certification, and product assurance.

The guidelines in this document were developed in the context of U.S. Title 14 Code of Federal Regulations (14 CFR)
Part 25 and European Union Aviation Safety Agency (EASA) Certification Specification (CS) CS-25. They may be
applicable in the context of other regulations, such as 14 CFR Parts 23, 27, 29, 33, and 35, and CS-23, CS-27, CS-29,
CS-E, and CS-P.

This document addresses the development cycle for aircraft and systems that implement aircraft and system functions. It
does not include detaildd information on the Tollowing subjects and references:

e Software developmgnt; refer to RTCA DO-178C/EUROCAE ED-12C.

o Electronic hardwarg¢ development; refer to RTCA DO-254/EUROCAE ED-80.

e Integrated modularfavionics development; refer to RTCA DO-297/EUROCAE ED-124.

e Airworthiness security process; refer to RTCA DO-326A/EUROCAE ED<202A.

o Safety assessment|processes; refer to ARP4761A/EUROCAE ED-135.

e A process for accgmplishing in-service safety assessment.is~described in ARP5150A and [ARP5151A or in other
documents such a$ the guidance material of EASA Part2t (GM21) when required by appli¢able regulation. In this
document, wherever references to ARP5150A/ARP5151A are made, the reader should understand this also implies

EASA Part 21 (GM21).

e Master Minimum Bquipment List (MMEL) or-Configuration Deviation List (CDL) development; refer to applicable
regulatory guidancg from the applicable Certification Authority.

e Aircraft structure arld aerodynamics development.

Figure 1 outlines the felationships between the various development documents, which provide guidelines for safety
assessment, electronic hardware and-software life cycle processes, and the system development prpcess described herein.
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Safety Assessment Process
Guidelines & Methods

Safety Assessment of Aircraft in
Commercial Service

(ARP4761 / ED-135) (ARP5150 /5151)
Intended
Aircraft & Failure System
System & Safety Design
Functions Information Information
. Functional
Aircraft & System Development System
Processes Operation
(ARP4754 /| ED-79)
A A

Guidelines for Integrated
Modular Avionics
(DO-297 /| ED-124)

y y
Electronic Hgrdware Software Development
Development life Cycle Life Cycle
(DO-254 /| BD-80) (DO-178 /ED-12)

Development Phase

In-Service/Qperational Phase

Figure 1 4 Guideline documents covering development and in-service/operationjal phases

1.1 Purpose

The guidelines herein dre-industry best practices for the development of aircraft and of systems. Modern aircraft typically

comprise a large integiated environment consisting of multiple systems with significant dependencies and interactions.
Frequently portions of these systems are developed by separate individuals, groups, or organizations. These systems
require design discipline and systematic development to ensure that safety and operational requirements can be fully
realized and substantiated. Adherence to these guidelines is recommended for development of all aircraft systems,
especially those that may contribute to failure conditions with the potential to affect safety.

The contents are recommended practices and should not be construed to be regulatory requirements. For this reason, the
use of words such as “shall” and “must” is avoided except if used in the context of an example. It is recognized that alternative
methods to the processes described or referenced in this document may be available to an organization desiring to obtain

certification.

This document provides neither guidelines concerning the structure of an individual organization nor how the responsibilities
for certification activities are divided. No such guidance should be inferred from the descriptions provided.
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1.2 Development Assurance

A process is needed which establishes levels of confidence that development errors that can cause or contribute to identified
failure conditions have been minimized with an appropriate level of rigor. This henceforth is referred to as the development
assurance process. To establish levels of confidence for the aircraft systems as a whole, the process outlined herein
presents guidelines for developing aircraft- and system-level requirements, including requirements allocated to items. The
process includes validating requirements, and verifying that requirements are met, together with the necessary configuration
management and process assurance activities. As development assurance level assignments are dependent on
classification of failure conditions, the safety analysis process is used in conjunction with the development assurance
process defined herein to identify failure conditions and severity classifications which are used to establish the level of rigor
required for development.

Development assurance is a process-based approach which establishes confidence that system development has been
accomplished in a sufficiently disciplined manner to limit the likelihood of development errors that could impact aircraft
safety.

1.3 Document Backgfound
During development of
information would be 1
fundamental to the safe
relating to such decisio

Revision B to RTCA/EUROCAE document DO-178/ED-12, it bécame apparent that system-level
pquired as input to the software development process. Sincé many sysiem-level decisions are
ty and functional aspects of aircraft systems, regulatory,intolvement in thg processes and results
s is both necessary and appropriate.

This document was originally developed in response to a request from the Federal Aviation Admin
The FAA requested thpt SAE define the appropriate nature and scépe of system-level inform
regulatory compliance fpr highly integrated or complex avionic systems; The Systems Integration R

istration (FAA) to SAE.
htion for demonstrating
equirements Taskgroup

(SIRT) was formed to develop an ARP that would address this need;

The initial members of [SIRT recognized that harmonization ef-international understanding in this
desirable and encouraged participation by both FAA and-Joint Aviation Authorities (JAA) repres
working group was formed under EUROCAE, WG-42, to-coordinate European input to the SIRT]
included people with direct experience in developmeéent and support of large commercial airc
commercial and generdl aviation avionics, jet engifies, and engine controls. Certification Authority

of backgrounds and intgrests participated in the-work of the task group. Both formal and informal

committees (SC-167 and SC-180) and SAE«committee (S-18) were established and maintained. (
harmonization working group addressing 14 CFR/CS 25.1309 was maintained throughout develop

undertaking was highly
bntatives. A companion
group. The task group
aft, commuter aircraft,
bersonnel with a variety
inks with RTCA special
Communication with the
ent of this document.

Throughout development of this dogument, discussion returned repeatedly to the issue of guidgline specificity. Strong
arguments were presented in faver{of providing a list of very specific certification steps, i.e., a checklist. Equally strong
arguments were made that the guidelines should focus on fundamental issues, allowing the applicant and the Certification
Authority to tailor detailg to thé-specific system. It was recognized that in either case certification of gll but the most idealized
systems would require $ignificant engineering judgment by both parties. The quality of those judgmgnts is served best by a
common understanding of/and attention to. fundamental principles. The decision to follow this cqurse was supported by
several other factors; the variety of potential systems applications, the rapid development of systems engineering, and
industry experience with the evolving guidance contained in DO-178/ED-12 and their revisions being particularly significant.

The current trend in system development is an increasing level of integration between aircraft functions and the systems
that implement them. While there can be considerable value gained when integrating systems with other systems, the
increased complexity yields increased possibilities for errors, particularly with functions that are performed jointly across
multiple systems. Following the Aviation Rulemaking Advisory Committee (ARAC) recommendations to respond to this
increased integration which referenced ARP4754/ED-79 in advisory materials for compliance to 14 CFR/CS 23.1309 (refer
to AC23.1309-1D, issued in 2009) and 25.1309 (refer to AMC 25.1309, published in 2003 and AC 25.1309 Draft ARSENAL
revised) the use of the ARP4754/ED-79 in aircraft certification has become increasingly widespread. Along with the
increasing use, in particular 5.4 of the original document, assignment of development assurance levels in the original
ARP4754/ED-79, come insights on the strengths and weaknesses of its guidelines. The underlying philosophy is succinctly
represented in the original 5.4 of ARP4754/ED-79 as follows:



https://saenorm.com/api/?name=97a561e1a07c5a9ad83e78481cb2ea93

SAE INTERNATIONAL ARP4754™B Page 7 of 172

“If the PSSA shows that the system architecture provides containment for the effects of design errors, so
that the aircraft-level effects of such errors are sufficiently benign, the development assurance activities
can be conducted at a reduced level of process rigor for the system items wholly within the architectural
containment boundary.”

Experience has shown that the processes and definitions used to determine containment have vyielded different
interpretation and application of the philosophy. Revision A improved the development assurance level assignment process
by providing a methodology to assign the correct development assurance levels (see 5.2).

Revision A contained updates to the document that took into account the evolution of the industry over the intervening years.
EUROCAE WG-42 had been closed on completion of their task, the initial publication of ARP4754/ED-79. In order to support
S-18 activities in maintaining the document, a new companion working group was formed under EUROCAE, WG-63, to
coordinate European input. The relationship between ARP4754/ED-79 and ARP4761, and their relationship with
DO-178B/ED-12B and DO-254/ED-80 were strengthened and discrepancies between the documents were identified and

addressed. Revision A
system level and stand
Function Development

alSo explained the top-down development assurance concept for applicy
ardized the use of the term development assurance. As a consequence,.fi
Assurance Level (FDAL) was introduced and the term Item Development Ag

used to describe that th
“Software Level” in DO-
for an item. It also inclu
S-18/WG-63 coordinat

ensure that the terminglogy and approach being used were consistent with.-those being devel

DO-178C/ED-12C.

Subsequent to the pub
development assurancs

1.4 Revision B Overy
Revision B is primarily

extensive discussions W
emerging system devel

and the necessity to maintain consistency betwegen' both ARP4754B/ED-79B and ARP4761A/E

limiting the scope, was
for a new Revision C. A
79B, the details of FD
adopted for all safety a
changed to allow for 3
“unintended behavior®
ARP4754A/ED-79A in 1

tion at the aircraft and
pr aircraft and systems,
surance Level (IDAL) is

e level of rigor of development assurance tasks performed on item(s), e.g.,

ded enhancements created by feedback from the industrysince the first
bd the Revision A effort with RTCA Special Committee)205 (SC-205

ication of Revision A, the FAA recognized ARP4754A as an acceptable m
process in AC 20-174.

iew

focused on the necessary updates to align its contents with ARP4761
ithin S-18/WG-63 on the need to limit scope of this revision versus expandin
ppment techniques in use by the industry. Given the timeframe of ARP476¢

chosen and suggested changes that would further expand ARP4754/ED-79
s a result, while the general principles of FDAL/IDAL assignment were reta
AL/IDAL assignment Jactivities were transferred to ARP4761A/ED-135. TH

less prescriptive use of the many validation and verification methods,
and “derived requirements® have been further clarified based on ¢
ecent developments. The section addressing modifications has been comp

account for different cl

appendix, and certificafjon ‘Coordination contents have been revisited and updated accordingly. A

Jjent process has been added in Appendix E. Keeping to the Memorandu

aircraft system develo

nange’ categories used by the industry, including reuse. The definitions

IDAL is the appropriate

178B/ED-12B and “Design Assurance Level” in DO-254/ED-80 gbjectives that need to be satisfied

publication. In addition,
EUROCAE WG-71 to
bped for the update to

bthod for establishing a

A/ED-135. There were
g its contents to include
1A/ED-135 publication,
D-135, the first option,
contents were deferred
ined in ARP4754B/ED-
e same approach was

Esessment process/contents in ARP4754B/ED-79B. Validation and verificalion sections have been

and concepts such as
xperience in applying
etely changed to better
section, the objectives
detailed example of an

m of Understanding for

this document, WG-63 worked alongside S-18 to ensure that ED-79B is word-for-word equivalent to ARP4754B.

2. REFERENCES

2.1
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The following publications are referenced in this guideline document. The applicable issue of referenced publications is the
revision noted in this section. Where later versions of these documents are available, applicants should check their
applicability. Note that the revision level of references may not be noted elsewhere in the document unless pertinent.
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14 CFR Part 27

14 CFR Part 29

Certification Procedures for Products and Parts
Airworthiness Standards: Normal Category Airplanes
Airworthiness Standards: Transport Category Airplanes
Airworthiness Standards: Normal Category Rotorcraft

Airworthiness Standards: Transport Category Rotorcraft

SW, Washington,

DC 20591,

14 CFR Part 33

14 CFR Part 35

AC 20-174

AC 20-189

AC 25.1309-1A

AC 25-19A

FAA CPG

TAEsdaT2-5241996

2.1.5 RTCA Publicati
Available from RTCA In
DO-178B
DO-178C

DO-254

Airworthiness Standards: Aircraft Engines

Airworthiness Standards: Propellers

Development of Civil Aircraft and Systems

Best Practices for Management of Open Problem Reports (OPRs)
System Design and Analysis, Advisory Circular

Certification Maintenance Requirements

FAA and Industry Guide to Product Certification, Third Edition

Transport Airplane and Engine Isste Area - Systems Design and Analysis
Group (includes AC/AMJ 25.1309 Draft ARSENAL revised System Design

pNns
c., 1150 18th Street-NW, Suite 910, Washington, DC 20036, Tel: 202-833-
Software Considerations in Airborne Systems and Equipment Certification
Software Considerations in Airborne Systems and Equipment Certification

Design’ Assurance Guidance for Airborne Electronic Hardware

Harmonization Working
and Analysis)

0339, www.rtca.org.

DO-297

DO-326A

DO-331

2.2 Definitions

IntegratedModutar Avionics (VA Devetopment Guidance and Certificatio

Airworthiness Security Process Specification

Considerations

Model-Based Development and Verification Supplement to DO-178C and DO-278A

This section provides definitions for terms used in this document. Citations are provided to other industry sources when
usage in this document is consistent with the definition in the referenced source material. The shared definitions in
ARP4761A/ED-135 and ARP5150A and those in this document have been coordinated to be identical.

ASSESSMENT: An evaluation process which may include one or more types of analysis and experience.

ASSUMPTIONS: Statements, principles, and/or premises offered without proof.


http://www.faa.gov/
http://www.rtca.org/
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ASSURANCE: The planned and systematic actions necessary to provide adequate confidence and evidence that a product
or process satisfies given requirements (RTCA DO-178C/ED-12C).

AVAILABILITY: Qualitative or quantitative attribute that a system or equipment is in a functioning state at a given point in
time. It is sometimes expressed in terms of the probability of the system (equipment) not providing its output(s), i.e.,
unavailability.

CERTIFICATION: The legal recognition that a product complies with the applicable regulations.

CERTIFICATION AUTHORITY: Organization or person responsible for granting approval in accordance with applicable
regulations.

COMMON CAUSE: A single failure, error, or event that can produce undesirable effects on two or more systems, equipment,
items, or functions.

COMPLIANCE: Successful adherence to applicable regulations.

CONFIGURATION BA
undertaken.

SELINE: A known aircraft/system/item configuration against whieh a change process can be

CONFIGURATION ITEM: Aircraft, system, item and related data that is under configuration control

DEMONSTRATION: A method of proof of performance by observation.

DERIVED REQUIREMENTS: Requirements that introduce behaviors’ or characteristics beyd
higher-level requiremerts.

nd those specified in

DEVELOPMENT ASSWRANCE: All planned and systematic;-actions used to substantiate, at
confidence, that development errors have been identified and €orrected such that the system satisfi
objectives (derived fromp AC 25.1309 Draft ARSENAL revised and AMC 25.1309).

an adequate level of
es the applicable safety

DEVELOPMENT ERRQR: A mistake in requirements|_design, or implementation.

EQUIPMENT: A physiq
functions. Equipment cq

al object that can be installed and removed from the aircraft and perform
ntains one or more.ifems.

s one or more specific

ERROR: An omitted d
requirements, design, O

EXTERNAL EVENT: A
atmospheric conditions
(e.g., runway conditions

r incorrect action-by a manufacturer, crew member, or maintenance p
r implementation (derived from AMC 25.1309).

(e.g¥wind gusts/shear, temperature variations, icing, lightning strikes),
, conditions of communication, navigation, and surveillance services), cabin

Brson, or a mistake in

N occurrence which has its origin distinct from the aircraft or the system bging examined, such as

operating environment
and baggage fires, and

hotbdntanded to-covercsabotaae
o HeRaea SoVer-Sapotage-

bird-strike. The term is

FAILURE: An occurrence which affects the operation of an aircraft, system, equipment, item, or piece-part such that it can
no longer function as intended (this includes both loss of function and malfunction). Note: Errors may cause Failures, but
are not considered to be Failures.

FAILURE CONDITION (FC): A condition having an effect on the aircraft and/or its occupants, either direct or consequential,
which is caused or contributed to by one or more failures or errors, considering flight phase and relevant adverse operational
or environmental conditions, or external events (AMC 25.1309).

FAILURE CONDITION CLASSIFICATION (FCC): A discrete scale allowing categorization of the severity of the effects of a
failure condition. Classification levels are defined in the applicable regulation and advisory material. For example,
AC 25.1309 Draft ARSENAL revised and AMC 25.1309 define the following classifications: Catastrophic, Hazardous, Major,
Minor, and No Safety Effect.
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FAILURE EFFECT: A description of the operation of an aircraft, system, equipment, or item as the result of a failure; i.e., the
consequence(s) a failure mode has on the operation, function or status of an aircraft, system, equipment, item, or aircraft

occupants.

FAILURE MODE: A specific way in which a system, equipment, hardware item, or piece-part may fail.

FAILURE RATE: The expected frequency of occurrence of a specific failure mode over a period of time. The failure rate at
time t may be calculated by dividing the failure density function f(t) by the reliability distribution function R(t), where:

R(t) =1-failure distribution function F(t)

A(t) = f(t)/(1-F(t)).

FAULT: A manifestation of an error in an item or system that may lead to a failure.

FUNCTION: Intended b
FUNCTION DEVELOP
to Functions. Note: Th
aircraft/system function

FUNCTIONAL FAILUR
(not necessarily limited

FUNCTIONAL INDEPE
GUIDANCE: Recomme
GUIDELINE: Supportin
HARDWARE: The phys|

HAZARD: A condition 1
affected.

INDEPENDENCE: Spe

FUNCTIONAL INDH
different functions.

ITEM DEVELOPME
by using different it

ehavior of an aircraft, system, equipment, or item regardless of implementa

MENT ASSURANCE LEVEL (FDAL): The level of rigor of development ass
e FDAL is used to identify the ARP4754B/ED-79B objectives that need

S

D.

E SET (FFS): A set of one or more members that are considered to be indepe
to one system), whose development error(s) leads t¢ a‘top-level failure con

NDENCE: See INDEPENDENCE.

hded procedures for showing compliance with regulations.

) information that can be helpful but is'not considered to be guidance.

cal realization of systems, equipment, or items. May refer to these objects in

esulting from failures, external events, errors, or a combination thereof wh

Cific types of independence include:

FPENDENCE: A characteristic that minimizes the likelihood of common devd

NTJINDEPENDENCE: A characteristic that minimizes the likelihood of comn
E-designs.

tion.
irance tasks performed

to be satisfied for the

ndent from one another
dition.

Hividually or collectively.

ere safety is potentially

lopment errors by using

hon development errors

PHYSICAL INDEPENDENCE: A characteristic that minimizes the likelihood of common failures caused by physical

failure, damage, or environmental effects by using physical separation or segregation between two or more things,
e.g., hardware items, equipment, wiring, tubing.

PROCESS INDEPENDENCE: A practice that minimizes the likelihood of development errors by using separation of

responsibilities that assures the accomplishment of objective evaluation by someone other than the performer of the
activity, e.g., validation activities are not performed solely by the developer of the requirement(s) of a system or item.

INDEPENDENCE PRINCIPLE: Features of an intended implementation where independence has been determined to be

necessary.

INSPECTION: An examination of a system or item against a specific standard.

INTEGRATION: (1) The act of causing elements of a system/item to function together. (2) The act of gathering a number of
separate functions within a single implementation.
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INTEGRITY: Qualitative or quantitative attribute of a system, equipment, or an item indicating that it can be relied upon to
work as intended.

ITEM: A defined and bounded set of either (one or more) hardware elements or (one or more) software elements which are
treated as a single entity for analytical purposes.

ITEM DEVELOPMENT ASSURANCE LEVEL (IDAL): The level of rigor of development assurance tasks performed on
Item(s); e.g., IDAL is the appropriate software level in DO-178C/ED-12C, and design assurance level in DO-254/ED-80

objectives that need to be satisfied for an item.

ITEM DEVELOPMENT

INDEPENDENCE: See INDEPENDENCE.

MALFUNCTION: A condition where the operation of a function is different than intended, excluding the loss of function.

MEMBER: An aircraft
malfunction. (Used onlyj

MODEL: An abstract

implementation, simulation, or code generation and that has unambiguous, well-defined:syntax and

PARTITIONING: The u§
may be considered inde

PROCESS: A set of int¢rrelated activities performed to produce a prescribed output or product.

RELIABILITY: The proh
conditions, without failu

REQUIREMENT: An i
implementation can be

RISK: The potential of
SAFETY: The state in \

SAFETY OBJECTIVE:
identified failure conditi

SAFETY REQUIREME
established by the safe

SEGREGATION: The u

br system function or item that may contain a development error causing its loss of function or

with regard to a Functional Failure Set.)

epresentation of a given set of aspects of a system/function/itemn that i

e of physical or logical boundaries to separate portions of a‘system or an ite
pendent.

ability that a system, equipment, or hardwarelitem will perform a required 1
re, for a specified period of time.

dentifiable element of a function specification that can be validated
verified.

n occurrence to cause harm.defined by its probability and the severity of its
hich risk is acceptable.

A qualitative and/or-guantitative attribute necessary to achieve the require
bn, depending en'its classification.

NT: A requirement that is necessary to achieve either a safety objective
y process.

se”of a barrier to provide physical independence between hardware elemer

5 used for its analysis,
semantics.

M such that the portions

unction under specified

and against which an

consequence(s).

d level of safety for the

or satisfy a constraint

ts.

SEPARATION: The use of distance to provide physical independence between hardware elements.

SOFTWARE: Executable algorithm that runs on a computer. May refer to such elements individually or collectively.

SPECIFICATION: A collection of requirements which, when taken together, constitute the criteria that define the functions
and attributes of an aircraft, system, equipment, or item.

SUBSYSTEM: A define

d portion of a system that performs one or more specific functions.

SYSTEM: A defined combination of subsystems, equipment, or items that perform one or more specific functions.

TRACEABILITY: The recorded relationship established between two or more elements of the development process. For
example, between a requirement and its source or between a verification method and its requirement.
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UNINTENDED BEHAVIOR: Unexpected operation of integrated aircraft systems in ways contrary to intended functionality.
VALIDATION: The determination that the requirements for a product are correct and complete.
VERIFICATION: The evaluation of an implementation of requirements to determine that they have been met.

2.3 Abbreviations and Acronyms

AC Advisory Circular (FAA)

AFHA Aircraft Functional Hazard Assessment

AMC Acceptable Means of Compliance (EASA)

ARAC Aviation Rulemaking Advisory Committee (FAA)
ARP Aerosppce Recommended Practice (SAE)

ASA Aircraftl Safety Assessment

ATC Amended Type Certificate

CCMR Candidpte Certification Maintenance Requirement
CDL Configuration Deviation List

CEA Cascading Effects Analysis

CFR Code of Federal Regulations

CM Configdrration Management

CMA Common Mode Analysis

CMCC Certificption Maintenance €oordination Committee
CMR Certificption Maintenahce Requirement

CS Certificption Specifications

EASA European Unieh Aviation Safety Agency

ETSO European Technical Standard OTder

EUROCAE European Organisation for Civil Aviation Equipment

FAA Federal Aviation Administration

FC Failure Condition

FDAL Function Development Assurance Level
FFS Functional Failure Set

FHA Functional Hazard Assessment

FMEA Failure Mode and Effect Analysis
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FMES Failure Mode and Effect Summary

FTA Fault Tree Analysis

HW Hardware

ICA Instructions for Continued Airworthiness
IDAL Item Development Assurance Level
IMA Integrated Modular Avionics

MA Markov Analysis

MBSA Model-Based Safety Analysis

MMEL Master|Minimum Equipment List
MSG-3 Maintenance Steering Group 3

OPR Open Rroblem Report

PASA Prelimipary Aircraft Safety Assessment
PRA Particular Risk Analysis

PRRT Particular Risk Review Team

PSSA Prelimipary System Safety Assessment
RTCA RTCA, [Inc.

SC1 Systen] Control Category 1

SC2 Systen] Control Category 2

SFHA Systen] Functional Hazard Assessment
SIRT Systenis Integration°Requirements Taskgroup
SSA Systen) Safety’Assessment

STC Supplementat Type Certificate

SW Software

TC Type Certificate

TSO Technical Standard Order

USA United States of America

WG EUROCAE Working Group

ZSA Zonal Safety Analysis
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3. DEVELOPMENT ASSURANCE PLANNING

The purpose of the development assurance planning process is to define the means of developing an aircraft or system

that will satisfy the aircraft/system requirements and provide the level of confidence which is consistent with the applicable
certification basis. Modifications to existing aircraft and/or systems are considered during the development assurance
planning process as described in Section 6. The objectives of the development assurance planning process are:

To define the activities of the development assurance processes of the development life cycle that will address the

aircraft/system requirements, Function Development Assurance Level(s) (FDALs), and ltem Development Assurance

Level(s) (IDALs)

feedback mechanis

ms, and transition criteria

To define the development life cycle(s), including the inter-relationships between the processes, their sequencing,

To select the devel
the activities of eac

To define the devel
produced

e To develop plans th

The outputs of the devglopment assurance planning process are documented in one or more plar]

can exist in various fo
assurance planning pro
and managed, as apprd

3.1 Development Asg

Figure 2 is an exampl¢ of the overall development assurance planning process and includes s

applicable to all planni
Therefore, it is importa

complete plan for the ¢ntire development life cyclé. The reviewers should keep this in mind wh

planning elements.

bpment environment for the development life cycle, including the methods
h development life cycle process

ppment standards consistent with the aircraft/system safety objectives for {

at satisfy the objectives of each integral process

mats. The iterative nature of the design process should be considered ¢
cess. Interrelationships between the planning elements and feedback loops
priate.

urance Planning Process

hg elements. The development.of these planning elements may not hag
nt to make sure the planning.elements are consistent with each other and

hnd tools to be used for

he aircraft/system to be

ning documents, which
uring the development
should also be identified

bme generic objectives
pen at the same time.
collectively make up a
en reviewing individual
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Identify which

Identify transition

planning elements |dentify . Identify .
criteria for each of . . Identify how . .
are needed and how development the phases within relationships or deviations to the Identify applicable
they will be —m phases related —p P —p dependencies . processes and
. . . the development . plans will be .
documented (i.e. all in to planning . between planning industry standards
; and integral handled
one plan orin element processes elements
individual plans)
|
. |
AN .y

i Transition |
Review plans for LN 1 Plan(s) ) !
i from plannin !

Document accuraby. Planning Yes | documented and P g Development

planning . elements 3 to —
consistejncy, N o ‘ approved | Processes

elements ~_sufficient? | Developmgnt |
completgness N M Processek |
\\\ \_// I |
No Rl |
|

Figure 2 - Development-Assurance planning process
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Table 1 summarizes the planning elements that should be included in the planning phase.

The development assurance planning process can be re-entered for aircraft or system changes, such as a new aircraft

derivative or modificatio

ns to an in-service aircraft.

Table 1 - Planning elements

Process
Planning Elements Planning Element Description Section
Establish the process and methods to be used to provide the framework for the .
Development : . . . . Section 4
aircraft/system development, integration, and implementation.
Establish scope and content of the safety activities related to the development of the
Safety Program : 51
aircraft or system.
Identify and describe how the requirements are captured and managed. Sometimes the
Requlrements Capture IC\.‘U;I CITICT |te uaptul < 'J:al LLl I;I IH U:CI LA~ |te arc ;I |u:udcd ;II CUIT IJ.UI I\zt;UII vv;th thC ﬂ
requirements validation planning elements.
. N Describe how the requirements will be shown to be complete and correCt,"and how the
Requirements Validation . . 54
assumptions will be managed.
Implementation Verification Defmg th.e processes and criteria to be applied when showing howthie implenjentation 55
satisfies its requirements.
Configuration Managemént Describe the key development-related configuration items and.how they will bp 56
managed.
Process Assurance Describe the means to assure the practices and procedures to be applied dur|ng system 57
development are followed.

3.2 Development Asg

The results of the deve
collection of plans. Ea
assurance plan(s).

The development assurance plan(s) directly contribute.to the Certification Authority coordination ag
ructure the development assurance plan or collections of plans such that effective coordination with
ties is facilitated. If a colle¢tion of plans is used, it may be beneficial to include a top-level summary

It may be beneficial to s
the Certification Authori
that provides an overvig

The development assurance plan(s) should-identify:

a. The scope of the development)activity, including considerations for modification or reuse o

systems, equipmen

urance Plan

w of the plan for each«of the development assurance planning elements.

t, and items)(see Section 6)

b. The processes and

methods associated with each of the planning elements in Table 1

c. The key events tha

mark theptanmeddevetopmemnttyce

d. The organizational structure, roles, and responsibilities supporting the development

e. The means to ident

ify and address unintended behaviors

lopment assurance planning process should be documented in a development assurance plan or
th of the planning elements described;in Table 1 should be addressed ithin the development

tivities described in 3.3.

[ previously certificated

The processes and events should be described in sufficient detail to establish their relative significance to the aircraft/system
development, their relative timing and interdependencies, and the nature of the results expected at event or process
completion. For complex systems, it is advisable to provide descriptions of the specific development processes that are

planned to manage this

complexity at the aircraft/system level.
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3.2.1  Design Descrip

tion

A design description may be provided to facilitate a common understanding of the applicability of the planning elements
captured in the development assurance plan(s). This description, which may be referenced by the development assurance
plan(s), may include the intended or anticipated:

New or novel desig

3.2.2 Transition Crite

A key element of planni

phases and gates. The plans should clearly define maturity expectations to preévide visibility on the f
state for the major elements of design, implementation, and certification. This can be accomplish
the technical and procefs entrance and exit criteria. Issues left open whentransitioning from one pj

another should be trac

3.2.3 Deviations from
During development the
planning phase it is im
approval of, and docum

3.3 Certification Auth

A significant considera
coordination is to ider
development assurancs

e Establish effective

e Reach agreement

equipment, and itern

Architectural and d¢sign features that perform a specific role in establishing or maintaining airc

Aircraft-level functionality provided or supported by the system(s)
System operating environment(s)
Capabilities of the system(s) as installed on the aircraft

Primary fault or failure containment means

h features

i

a

g is the establishment of life cycle process checkpoints and reviews, which g

ed and managed, as appropriate.

Plans

re may be times when it is necessary:to deviate from the documented plan
portant to identify a process to address deviations from the plans. Method
enting any deviations should be-described in the planning elements.
prity Coordination

fion in development assurance planning is Certification Authority coordir
tify how developmént assurance processes will contribute to a certifig
data may be used for that purpose. Planning and coordination are vital to:

ommunications between the applicant and the Certification Authority

with(the Certification Authorities on the intended means of showing that t
hsTneet specific regulatory requirements and industry standards

raft system safety

re aligned with program
rogress and integration
bd by clearly identifying
hase of development to

5. Therefore, during the
s for reporting, gaining

ation. The goal of this
ation effort, and what

ne aircraft, its systems,

This section provides a number of topics that applicants could raise or consider during the interactions between development
assurance and certification. For specific information on product certification and planning, consult appropriate regulatory

guidance.

Early coordination with the Certification Authorities is recommended for development assurance planning. This coordination
is crucial when establishing the detail of the development assurance planning process, which varies depending on the
functions and their associated hazards. Early coordination can reduce uncertainty in the certification process and can
minimize the effects of misinterpretations of company processes, industry standards, regulations, and advisory materials.

Certification Authority coordination begins during the planning phase, but continues through development and product

certification.
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The following list contains development assurance topics for Certification Authority coordination:

a.

aircraft and/or system(s) under development

A description which establishes the functional relationships, physical layout, and data exchange interfaces within the

b. Regulatory gaps for new aircraft types (e.g., unmanned aircraft systems), or for applications of new technologies (e.g.,
artificial intelligence)

planning elements that support the scope of the development:

Development assurance planning elements for the specific application, including aircraft-level and/or system-level

The scope of the development assurance process including rationale for any aspects that are tailored and/or in

some cases eliminated; this may include process substitutions or alternate methods not covered by this document

pscription of the relevant integral processes (e.g., safety assessment,

validation, verification,

anagement, and process assurance); requirements management processe
ted to safety requirements

the interactions between certification and system requirements, design, and

s should include details

key safety assessment

dress the plan to re-use processes, methods, or data frofn a previously approved product

bp a process for detecting errors in the implementation; this can include pla
hspection, or other verification methods to fully‘characterize system behav

pnsibilities of various groups involved in-the development from aircraft leve
bpliers relative to aircraft developers\in’ the processes, e.g., aircraft safet
ment and safety requirement reviews

C.

1.

2. A high-level d
configuration m
specifically rela

3. Adescription of
activities (see 9.1)

4. If applicable, adg

5. Anplan to devel
of tests, direct |
and in failed states

6. Roles and resp
the roles of su
derived require

d. The Aircraft and/or
substantiation data
e. As the project progr
objectives, design ¢
f. Alist of the data to

Certification Authority G

System Functional Hazard Assessment(s) including failure conditions, effe

psses, the PreliminaryAircraft and/or System Safety Assessment(s), includir
ecisions affecting-compliance, and preliminary development assurance lev

be submittedyto'the Certification Authorities, and the data to be retained ung

oordination” continues throughout the development life cycle. In order to s

nning for a practical set
ors in normal operation

| to item level; consider
y group involvement in

cts, classifications, and

g aircraft/system safety
IS

er configuration control

how that the aircraft, its

systems, equipment, gnd _it€ms meet specific regulatory requirements and industry standardls, a summary of the

development assurancs

process outputs may be provided (see 4.7).

4. AIRCRAFT AND SYSTEM DEVELOPMENT PROCESS

This section provides an overview of a generic approach for developing aircraft and aircraft systems from conceptual
definition to certification. This section establishes common terminology and expectations associated with development
processes and their inter-relationships in order to understand the intent and applicability of the substantiating material.

The development life cycle has a beginning and an end. A new development cycle can be initiated to perform aircraft or
system modifications, or to create a new derivative aircraft. The guidelines contained in this document are primarily geared
toward the “Development” phase as shown in Figure 3.

The concept phase (i.e., research and preliminary development phase) determines the overall aircraft/system performance
and configuration such as payload and range, aircraft size, number and locations of engines, airfoil, and applications of new
technologies in design and manufacturing.
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The development phase follows the concept phase, readying the implementation for production/operation. The development
phase is complete when:

o Build/test information is provided to a production facility or facilities

o All regulatory compliance data is completed, and the Certification Authority concurs with the showing made by the
applicant

e The design has met all applicable internal requirements
¢ Limitations, maintenance, and other operational information are provided to the aircraft operators

4.1  Generic Aircraft/System Development Process

The generic aircraft/syptem development process outlined in this section establishes a framework for discussing the
process. This section dpes not imply a preferred method or process; nor does it imply a specific"grganizational structure.
Figure 3 provides a graphical representation of the aircraft/system development process with the numerical entries in each
activity box representing the section numbers of this document in which the activity is further explained.

A top-down sequence for developing a specific system implementation from knowledge of an intended aircraft function
provides a convenient|conceptual representation of the system development process. A typical system development
progresses in an iterativie and concurrent fashion using both top-down and bottom-=up strategies. In this document, emphasis
is focused on the top-dgwn aspect since it provides the necessary links between aircraft safety and|system development. It
is recognized that organizations may structure their functional/product breakdown with additional layers. The processes
described in this document would then be applied, with appropriate adaptations, to these layers from the aircraft to item
levels.
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- 5.1 SAFETY ASSESSMENT
- 5.2 DEVELOPMENT ASSURANCE LEVEL ASSIGNMENT

| |-53 REQUIREMENTS CAPTURE I
DEVELOPMENT - 5.4 REQUIREMENTS VALIDATION |
BLANNING B 5.6 CONFIGURATION MANAGEMENT
" [ [-5.7 PROCESS ASSURANCE |
| 5.5 IMPLEMENTATION VERIFIEATION |
— e e e — — e e e e —— — e e— et | — — —— — —— — )
r——— " |-~~~ —"——~——— - —ZSo———jr——~"
| DEVELOPMENT DEVELGPMENT |
OF AIRCRAFT OF SYSTEM |
AIRCRAFT ARCHITECTURE ARGHITECTURE
| DEVELOPMENT
FUNCTION AND AND AND DATA &
REQUIREMENT [ T"] ALLOCATION OF RE%FU?JSJE“N"TS | AL LOCATION OF | MPLEMENTATION [——-1 | - e TaTioN
DEVELOPMENT AIRCRAFT SYSTEM '
| 4.2 FUNCTIONS TO 44 REQUIREMENTS 46 47
SYSTEMS TO ITEMS |
I 4.3 4.5
e e e e o e e e e e e e e e e e e —— ]

Figure 3 - Aircraft/system development process
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4.1.1 Development Assurance

Due to the highly complex and integrated nature of modern aircraft systems, the Certification Authorities have highlighted
concerns about the possibility of development errors causing or contributing to aircraft failure conditions. To address these
concerns, a methodology to minimize the likelihood of development errors is required. The following text reflects the
concerns expressed in current certification requirements/regulations:

a. A concern arose regarding the efficiency and coverage of the techniques used for assessing safety aspects of highly
integrated systems that perform complex and interrelated functions, particularly through the use of electronic technology
and software-based techniques. The concern is that design and analysis techniques traditionally applied to deterministic
risks or to conventional, non-complex systems may not provide adequate safety coverage for more complex systems.
Thus, other assurance techniques, such as development assurance utilizing a combination of process assurance,
validation and verification coverage criteria, or structured analysis or assessment techniques applied at the aircraft level,
if necessary, or at least across integrated or interacting systems, have been applied to these more complex systems.
Their systematic uge increases confidence that errors in requirements or design an bn or interaction effects

have been adequately identified and corrected.

25.1309 was revised to
in determining safety

Considering the abpve developments, as well as revisions made to 14 CFR/CS 25.1309,"AMC
include new apprdaches, both qualitative and quantitative, which may be used\io assisf
requirements and establishing compliance with these requirements, and to reflect'révisions in the rule, considering the
whole aircraft and ifs systems. It also provides guidance for determining when, obif, particular ahalyses or development
assurance actions ghould be conducted in the frame of the development and{safety assessmeit processes. Numerical

values are assigne
system failures is €
values are intended
judgment.

Therefore, a process is
to identified failure cong
development assurancs
4.1.2 Introduction to

The guidance material (
Certification Authorities

performs to its intende
process outlined hereir

to the probabilistic terms included in the requirements.for use in those ca
xamined by quantitative methods of analysis. The _analytical tools used in
to be used in addition to (but not replace) qualitative methods based on engi

nheeded which establishes levels of confidence that development errors that
itions have been minimized with an appropriate level of rigor. This hencefdq
process.

Development Assurance Process

resented in DO-178C/ED-12C and DO-254/ED-80 has been recognized by
to establish levels of eonfidence that a specific item of software and electron
I design requirements. To establish levels of confidence for the aircraft s
presents guidelines for developing aircraft-level, system-level, and item-|

process includes validaling requirements, and verifying that requirements are met, together with the

management and pro
classification of failure
process defined herein

Cess assurafice activities. As development assurance level assignme
conditionsy/the safety analysis process is used in conjunction with the ¢
to identify failure conditions and severity classifications which are used to

bes where the impact of
determining numerical
heering and operational

can cause or contribute
rth is referred to as the

ndustry and the various
c hardware respectively
stems as a whole, the
evel requirements. The
hecessary configuration
hts are dependent on
evelopment assurance
derive the level of rigor

required for development,

Complex systems and integrated aircraft-level functions present greater risk of development error and undesirable,
unintended behavior. At the same time, it is generally not practical (and may not even be possible) to develop a finite test
suite for highly integrated and complex systems which conclusively confirms that there are no residual development errors.
Since these errors are generally not deterministic and suitable numerical methods for characterizing them are not available,
other qualitative means should be used to establish that the system can satisfy safety objectives. Furthermore, there is no
direct correlation between Functional Development Assurance Level and numerical probabilities. The safety objectives
associated with Failure Condition Classifications can be satisfied by both the designated function development assurance
rigor and by numerical analysis methods (as needed). These two separate methods, in general, are not related and
complement each other.

In this context, this Aerospace Recommended Practice regards the activities of DO-178C/ED-12C and DO-254/ED-80 as
means to implement the development assurance rigor for the software and electronic hardware items. These software- and
electronic hardware-related processes are no longer considered to be adequate to mitigate aircraft/system errors without a
development assurance process from aircraft level down to item level, as shown in Figure 4.
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In summary, development assurance is a process-based approach which establishes confidence that aircraft/system
development has been accomplished in a sufficiently disciplined manner to limit the likelihood of development errors that
could impact aircraft safety.

4.1.3 Introduction to Hierarchical Safety Requirements Generated from Safety Assessment

Safety objectives are the qualitative and/or quantitative attributes necessary to achieve the required level of safety for an
identified failure condition, depending on its classification. Safety requirements are those which are necessary to achieve
either a safety objective or satisfy a constraint established by the safety process. Safety requirements may exist at the
aircraft, system, and item levels. Through the application of the Aircraft Functional Hazard Assessment (AFHA) process,
failure conditions and associated classifications for the aircraft functions are identified. The classification of these failure
conditions establishes the safety objectives for the aircraft functions. Through the application of the Preliminary Aircraft
Safety Assessment (PASA) process, the proposed aircraft architecture is evaluated against its safety objectives. Safety
requirements are generated through the PASA activities. The safety requirements generated through the PASA activities
are passed to the develppment process 1o be allocated 10 systems.

Through the applicatior] of the System Functional Hazard Assessment (SFHA) process, failufé copditions and associated
classifications for the system functions are identified. The classification of these failure condition$ establishes the safety
objectives for the systern functions. Through the application of the Preliminary System Safety Assegsment (PSSA) process,
proposed system archifectures are evaluated against their safety objectives, and allocated requirements from the PASA
process. Safety requiregments are generated through the PSSA activities. The safety requirementg generated through the
PSSA activities are pasfsed to the development process to be allocated to items:

Figure 4 illustrates the jnteractions between the safety assessment process*and the developmen{ process at the various
hierarchical levels of dgvelopment.
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Figure 4 - Interaction between Safety Assessment and development processes
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4.2  Aircraft Function and Requirement Development

While Figure 3 illustrates the generic aircraft/system development process, Figure 5 shows an aircraft function
implementation process. The aircraft function implementation process includes multiple system development processes.
Each system development process can consist of multiple item development processes. There are certain integral
processes that take place repetitively during each of the development activities.

Most development processes involve many iterative cycles, making the experience appear more cyclic than sequential. The
entry point for aircraft function implementation may occur at any point in the cycle. For a new aircraft-level function, the
process begins with the top-level definition of functions. For adding functions to an aircraft, the entry point may occur in the
context of changes to a particular item. However, regardless of the entry point, an assessment of the impact of the new or
modified function on other aircraft-level functions and their supporting requirements is necessary. In practice many of the
development activities shown in Figure 5 are concurrent and may involve interactive dependencies that lead to alteration of
previously established requirements.

Outputs of this activity gre a list of aircraft functions and requirements.

s It
Integral Processes
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| DEVELOPMENT Alrcaft Function z
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Subsystem Development —
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Figure 5 - Aircraft function implementation process
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4.3 Development of Aircraft Architecture and Allocation of Aircraft Functions to Systems

The next level of activity consists of establishing the aircraft architecture, determining the appropriate grouping of aircraft
functions, and the allocation of the functions to systems. During the process of developing the aircraft architecture, candidate
architectures are iteratively evaluated using functional and performance analyses and the PASA process to establish
feasibility in meeting the top-level safety objectives for the aircraft.

The process for selecting the appropriate grouping of aircraft functions out of the range of possible groupings is often
complicated. No specific recommendations for accomplishing the grouping activity are provided in this document. However,
careful attention to the basis for the selection decisions, including related assumptions, is fundamental to the success of
subsequent processes. The functional groupings interact with the aircraft architecture and are the basis for system
architecture development. While it is not necessary to know in detail how a system will be implemented to accomplish the
necessary functional groupings, implementation constraints, failure effects, and life cycle support may all play a significant
role in selecting the most appropriate groupings. The allocation should also define inputs, processes performed, and

outputs, and consider 0
vital part of the overall s

The output of this activi
4.4 Development of §

Once aircraft functions
architecture. The syster
envisioned to impleme
intended actions of the
in turn used by other s

perational and SUpport aspects. ASSumptions that are made In the course o
ystem requirements package and should be documented.

y is an aircraft architecture with aircraft functions allocated to systems.

bystem Functions and Requirements

this process become a

are allocated to systems, system functions are determined relative to their role in the aircraft

h functions should be described in terms of what the system is to accomplish
nt the system function. System functions may bethe intended behaviors
ystem, the prevention of undesirable system fuinction actions, and the proy
stems. For instance, the supply of electrical power by the aircraft is a sys

power supply within equipment is not a system-level function.

From the function allog
necessary to achieve tf
during this phase as thg
These, in turn, may alte

The output of this activ

ations and the associated Failure Condition Classifications, further specifi
e safety objectives are determined. Derived requirements and additional a
consequences of the various combinations of functions and allocations to
r the aircraft-level function requirements.

, rather than the means
pof the system, such as
ision of outputs that are
tem-level function. The

¢ system requirements
ssumptions will emerge
ystems are considered.

ty is a set of requirements for each aircraft system together with associafed interfaces, including

safety requirements an
having a source and eq

4.5 Development of

development assurance levels from the PASA process. The interfaces are|
h output having a'destination.

ystem Architeeture and Allocation of System Requirements to Items

In practice, system architecture development and the allocation of system requirements to items
iterative processes. Rgquiretments arising from allocation may be system-related or item-relateq
identification and undefstanding of derived requirements increases and the rationale for the all

defined with each input

are tightly coupled and
. With each cycle, the
pbcation of system-level

requirements to items

commodated within the

final architecture. The development of the system architecture and the allocation of requirements to items ensures that the
items perform all intended system functions.

The system architecture establishes the structure and boundaries within which specific item designs are implemented to
meet the established requirements. More than one candidate system architecture may be considered for implementation.
These candidate system architectures may be evaluated using such factors as technology readiness, implementation
schedules, producibility, contractual obligations, economics, prior experience, and industry precedence. The candidate
architectures are then iteratively evaluated using functional and performance analyses. In particular, the PASA and PSSA
processes establish feasibility with respect to top-level safety objectives assigned to each system. PASA/PSSA activities
are summarized in 5.1.2 and 5.1.4, respectively.

Requirements stemming from technology, architecture, system, equipment, and item interfaces, system constraints
(physical, environmental, etc.), integration, and implementation choices become more clearly visible as work on the system
architecture progresses.
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The output of this allocation effort is a system architecture with requirements allocated to items, including safety
requirements and development assurance levels from the PASA/PSSA processes.

4.6 Implementation

Implementation has fou

r primary points:

Information flow between the system process, which includes development assurance and safety assessment

> processes, to and from the item-level processes
b. Item design/build

c. Item integration and verification

d. Aircraft/system inte

These are further discu

4.6.1 Information Flo

4.6.1.1 Information F
System requirements a
and allocation of require
processes is dealt with

The point where require
guidance of DO-178C

guidelines. This document provides guidelines for architecture;xdevelopment assurance level, and f

including redundancy n
when architecture, redu

The following data is p3

pration and verification

5sed in the next sub-sections.

v—System Process to and from ltem Processes
low from System Process to Iltem Processes
ments to items follows the system process. The interface between the syste
n the following sections.

ments are allocated to items is also the pointwhere the guidelines of this dg
ED-12C (for software), DO-254/ED-80<(for electronic hardware), and

nanagement. This means that thecrequirement allocation to items has be
ndancy management, and requirement decomposition are complete.

ssed to the item processes as part of the requirements allocation:

pted to hardware item(s)

pted to software item(s)

ance level(s) for item(s) and a description of associated failure condition(s)

ps and exposure interval(s) for hardware failures

:

e decomposed and allocated to items as determinedby the system architecfure. The decomposition

m process and the item

cument transition to the
other existing industry
nctional decomposition
n reached at the point

if applicable

partitioning requirements, and any item development independence requirements

a. Requirements alloc
b. Requirements alloc
c. Development assur
d. Allocated failure rat
e. System description
f.

g. System verification
h.

activities to be performed at the item development level, as applicable

Design constraints, including function isolation, separation, data/models of other external interfacing elements,

Evidence of the acceptability by the system process of any data provided by the item processes to the system process

on which any activity or assessment has been conducted by the system process; an example of such an activity is the
system process evaluation of derived requirements provided by the item processes to determine if there is any
higher-level functional or safety impact (see 5.3.3)
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4.6.1.2 Information Flow from Item Processes to System Process

The information listed below should be included in the data passed to the system process in support of system-level
development activities and integral processes:

a. Derived item requirements which may have a higher-level functional or safety impact (see 5.3.3)

b. Description of the implemented item architecture sufficient to show the achieved independence and failure containment
capabilities (e.g., hardware segregation, software partitioning)

c. Evidence of system/item verification activities performed at the item development level, if any

d. Hardware failure rates, failure detection coverage, common cause considerations, and latency intervals, for
incorporation in the System Safety Assessment (SSA)

e. Problem or change|documentation that may impact system or item requirements, to be evaluzlited against the system
or item requirements or the safety assessments

f.  Any limitations of use, configuration identification/status constraints, or performanceltiming/accuracy characteristic

g. Data to facilitate intpgration of the items into the system (e.g., installation drawings, schematicyg, parts lists)

h. Details of proposed item verification activities to be performed during syStem-level verification

Additionally, evidence s
Assurance Level(s) hay
4.6.1.3 Information F

The information below s
flow via the systems prq

e been performed, including any assurance aghieved through tools.
ow Between Hardware Design Life Cycle'and Software Life Cycle Process

hould be passed between the hardware and software life cycle processes.
cess. This data includes:

hould be made available that the process activities consistent with the assigned Item Development

£S

This information should

a. Requirements neefled for hardware/software jintegration, such as definition of protocols, {iming constraints, and
addressing schemgs for the interface between hardware and software

b. Instances where hgrdware and software-verification activities require coordination

c. ldentified incompat|bilities between' the hardware and the software, which may be part of a neporting and corrective
action process

4.6.2 ltem Design/Build

The item (e.g., electronichardware—ot auftvvcuc) dcoiyll/’bui:d processes—shottdprovide-traceabtiity to the requirements
allocated to items. If item implementation proceeds in parallel with the requirements allocation and architecture definition
phases, then sufficient discipline is needed to ensure that derived requirements are captured and that all function
requirements are achieved in the implementation.

The outputs of this phase include item (e.g., electronic hardware or software) integration procedures, released hardware
drawings, software source code together with related life cycle data, applicable development assurance data, breadboard
or prototype hardware, if applicable, and lab/flight test articles. The RTCA/EUROCAE documents referenced in 2.1 provide
guidance for the development of electronic hardware and software.

4.6.3 Item Integration and Verification

Depending on the nature of the system and the development process used, initial item integration may occur on
breadboards, prototypes, computer emulation, or lab/flight test articles. The output is items under configuration control

together with development assurance data and item life cycle data. Detailed procedures should be used to verify that item
integration is complete and all item requirements are met.
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It may be beneficial to enhance the item integration process through development of interface documents. This would ensure
that the integrated items provide compatible functionality (e.g., correctly initialized electronic hardware, memory maps).

4.6.4 Aircraft/System Integration and Verification

Aircraft/system integration and verification are the tasks of ensuring all the aircraft systems operate correctly, both
individually and together, as installed on the aircraft.

Normally, systems integration begins with item-by-item integration and progresses to complete system integration. The
difficulty of fully anticipating or modeling the aircraft environment at any particular stage in development dictates that
integration activities may need to be performed at various phases of implementation (i.e., intra-system, inter-system,
aircraft-level). While the confidence of on-the-aircraft integration can be high, more meaningful or cost-effective results often
can be achieved in laboratory or simulation environments. Specific procedures for systems integration will vary depending
on the capabilities of test facilities, the functional interactions being represented, and the interdependencies between

functions/systems being

In addition to verifying
behaviors.” Previous ve
behavior, meaning that
this document.

A strategy/method shoy
(i.e., intra-system, inte
targeted testing, opport

Integration affords the o
as requirements gaps
should be directed at d
conditions. Examples @
system interfaces. Suc

assessed.

intended functionality, this activity provides an opportunity to identify an
Isions of this document referred to "unintended functions.” By its definition, 4
it was defined to operate in a specific manner. Therefore, “unintended beha

Id be developed to investigate for unintended behaviorsiciting the level of
-system, aircraft-level) and the types of testing to”be’ performed (e.g.,
Linistic testing by suitably qualified and experienced.personnel, etc.).

pportunity to identify and address unintended behaviors. Such behaviors ca
or unanticipated interaction between functional elements. Particular atte
pdicated testing of features implemented'in the design which addresses po

h tests may be developed from caonsideration of the following elements

d address “unintended
function is an intended
vior” is used throughout

testing to be performed
scenario-based testing,

h arise from issues such
ntion during integration
fential unsafe operating

f mitigating features are monitors, fault/isolation means, partitioning and their related or relevant

(examples only—not a

checklist of cases):

a. Testing and/or simylation of failed states developed to challenge architectural protective featufes (including outside of
the operational envglope, as necessary)

b. Operation of individual pilot inputs/combinations of pilot inputs over a wide range of input values and rates

c. Signals out of range, invalid inputs; etc.

d. Normal and abnornpal power.up sequences

e. Power transients, failures; and abnormal levels

f.  Failure conditions including sequential failures

g. External signal abnormal ranges and/or failure conditions

h. Databus disturbances, internal and external

i. Monitor-focused specific tests to expose nuisance susceptibility

During the integration and verification processes, identified deficiencies will be referred back to the appropriate development
or integral activity (requirements capture, allocation or validation; implementation; verification, etc.) for resolution, and the
process iterated. When all iterations are concluded, the output of this activity is an integrated and verified system, along
with the data confirming that the system satisfies all requirements. A summary of verification results obtained will be
documented accordingly, including the results of the activities performed to investigate for unintended behaviors.
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Although the complete absence of unintended behaviors can never be established, the monitoring for unintended behaviors
during requirements-based testing, in conjunction with the guidelines outlined in this section, provides the means to show
that a set of system requirements, taken as a group, have been satisfied.

4.7 Summary of Development Assurance Process Outputs

The activities established in the development assurance plan(s) and the results should be summarized. Any deviation from
the agreed development assurance plan(s) should be described together with rationale to substantiate the deviation. The
summary should include:

a. An outline of the results of the development assurance activities.

b. Confirmation that the activities defined in the development assurance plan(s) have been completed, including details of

the configuration for each activity performed, and a description and rationale for any deviations from the development
assurance plan(s).

c. Reference to suppdrting development assurance data as identified in Appendix A, including, byt not limited to:
1. Safety assessnpent data; see 5.1 and refer to ARP4761A/ED-135
2. Validation data] see 54.7

3. Verification data; see 5.5.6 which includes the data from activities performed to investigate for unintended behaviors
described in 4.6.4

4. Configuration npanagement data; see 5.6.3
5. Process assurgnce data; see 5.7.4
d. Open Problem Repprts (OPRs), including:
1. Identification ofleach OPR (configuration management number)

2. Short descriptipn of each OPR, including system/safety effect and the mitigation for gach OPR that impacts
functionality or pafety

3. Classification of each OPR
4. Mitigation for cgrtification"aceeptability (justification, why closure of the OPR can be deferrgd)

5. Functional limitations<@nd operational restrictions, if any

6. OPR interrelatiu..ahipa (If ||ccdcd)

NOTE: Regulatory guidance on OPRs may be applicable (e.g., AMC 20-189/AC 20-189 for the management of OPRs).
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5. INTEGRAL PROCESSES

The process elements described in this section are fundamental elements of the overall development process. They have
multiple interactions to the process activities in Section 4.

5.1 Safety Assessment

The safety assessment process is used to show compliance with certification requirements and internal safety standards.
The process includes specific assessments that are conducted and updated during aircraft/system development. These
assessments interact with development processes throughout the development life cycle. The safety assessment process
consists of the six principal assessment processes summarized in 5.1.1 through 5.1.6. These principal assessment
processes consist of the Aircraft Functional Hazard Assessment (AFHA), Preliminary Aircraft Safety Assessment (PASA),
System Functional Hazard Assessment (SFHA), Preliminary System Safety Assessment (PSSA), System Safety
Assessment (SSA), and Aircraft Safety Assessment (ASA) processes.

The safety assessment [process includes safety analysis methods which may be applied throughoeut the typical development
cycle to provide the anglyst a means of qualitatively and/or quantitatively assessing the safety of|(a design. The principal
methods are Particular| Risk Analysis (PRA), Zonal Safety Analysis (ZSA), and Commaon ‘Mode| Analysis (CMA); other
methods may include Fjault Tree Analysis (FTA), Dependency Diagram (DD), Markov Analysis (MA), Model-Based Safety
Analysis (MBSA), Failufe Mode and Effects Analysis/Summary (FMEA/FMES), and,Cascading Effects Analysis (CEA) as
required. The method(g) selected will vary based on system characteristics and @rganizational practices. The results of
these methods may stahd alone or be incorporated into any of the higher-level-assessments.

Independence between functions, systems, equipment, or items may be required to satisfy tHe safety requirements.
Therefore, it is necessgry to ensure that such independence exists, of:that the lack of independgnce is acceptable. The
PRA, ZSA, and CMA prpvide the methods for evaluation of independence or the identification of spécific dependencies due
to common cause. Thege methods may also aid the PASA and PSSA in generation of independégnce requirements (e.g.,
physical, installation requirements).

The safety assessment|process is detailed in ARP4761A/ED-135.

Figure 6 shows the furjdamental relationships between the safety assessment processes and the system development
processes. In reality, there are many feedback logps'within and among these relationships, though [they have been omitted
from the figure for clarify. Note: Only those aspects of the methods associated with Common Cause Considerations are
shown in the figure; for pxample, the PRA also\covers aspects outside common cause consideratigns.

The level of detail needed for the variqus-safety assessment activities is dependent on the aircraff-level Failure Condition
Classification, the degrge of integration; ‘and the complexity of the system implementation. The safg¢ty assessment process
should be planned and[managed-sg, as to provide the necessary assurance that all relevant failure conditions have been
identified, and that all sjgnificant\eembinations of failures that could cause those failure conditions|have been considered.
The safety assessmenf] procéss' is of fundamental importance in establishing appropriate safety opjectives for the aircraft
and systems and detervlnining that the implementation satisfies these objectives.
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5.1.1  Aircraft Functional Hazard Assessment

The AFHA is a process that allows the identification and evaluation of potential hazards related to an aircraft’'s functions
regardless of the details of its design. The objectives of the AFHA process are to identify the failure conditions associated
with the aircraft functions.

The objectives of the AFHA process are accomplished by systematically analyzing the aircraft-level functions to identify the
failure conditions, determine their effects on the aircraft, crew, and occupants, and then to establish the associated severity
classification. The classification of these Failure Conditions establishes the safety objectives for the aircraft. Assumptions
made during the AFHA process should be captured and confirmed to be correct.

Failure conditions and associated safety objectives may be monitored through the development process to track that the

design implementation is satisfying the safety objectives.

Appendix A of ARP476

5.1.2  Preliminary Airg
The PASA is a systemz
or external events can
objectives can be met.
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Appendix B of ARP476

5.1.3 System Functig

The SFHA is a systematic process that allows the identification and evaluation of potential hazard

functions regardless of
and re-evaluated any ti

A/ED-135 provides guidelines on how to perform an AFHA.
raft Safety Assessment

tic, comprehensive evaluation of a proposed aircraft architecture to determ
lead to aircraft-level failure conditions identified by the AEHA and how
The objectives of the PASA process are to evaluate the proposed archite
se aircraft-level safety requirements and assumptions.

interactions and dependencies between the aircraft systems, assesses ho
e conditions identified by the AFHA, and determihes whether the aircraft-ley

ne how failures, errors,
the aircraft-level safety
cture against the safety

v their failures can lead
el safety objectives can

ocess interacts with the development procéss by evaluating the aircraft architecture against

ctives and identifies the need for specific aircraft-level and system-level sz
Cess is iterative, the PASA process is iterative throughout the development ¢
ative and/or quantitative safety analysis methods. Common cause consid
pcess. The PASA evaluates combined functional failure effects of the relate

between them, including consideration of their shared resources. The P
ents and Function Development Assurance Level (FDAL) assignments fo
raft-level safety requirements-have been identified through the PASA proceq

A/ED-135 provides_guidelines on how to perform a PASA.

nal Hazard Assessment

he details of its implementation. It is performed at the beginning of the syste
me changes are made to the system functions. The objectives of the SFHA

fety requirements. Just
cle. The PASA process
erations are taken into
H systems and potential
ASA also identifies the
the associated aircraft
s and the implementing

s related to a system’s
m development process
process are to identify

and classify the failure

onditions associated with the system fiinctions

The objectives of the SFHA process are accomplished by systematically analyzing the system-level functions to identify the
failure conditions, determine their effects on the aircraft, crew, and occupants, and then to establish the associated severity
classification. Crew awareness, flight phase, and environmental and operational conditions are also considered in the
assessment. The classification of these failure conditions establishes the safety objectives for the system. Assumptions
made during the SFHA process should be captured and confirmed to be correct.

Failure conditions and associated safety objectives may be monitored through the development process to track that the
design implementation is satisfying the safety objectives.

Appendix C of ARP4761A/ED-135 provides guidelines on how to perform an SFHA.
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5.1.4 Preliminary System Safety Assessment

The PSSA process is a systematic evaluation of a proposed system architecture to determine how failures, errors, or
external events can lead to system-level failure conditions identified by the SFHA and how the system-level safety objectives
can be met. The objectives of the PSSA process are to evaluate the proposed system architecture against the safety
objectives and allocated requirements from PASA, and to propose system-level safety requirements and assumptions.

Through the PSSA process, safety requirements for system, subsystem, and items are identified to guide the architecture
development as necessary to meet the safety objectives and requirements. The PSSA process may use various safety
analysis methods to determine these requirements. The PSSA also identifies the necessary FDAL and Item Development
Assurance Level (IDAL) assignments for the system functions and items.

The PSSA process identifies where protective strategies may be needed to meet the safety objectives. Such protective
strategies may include redundancy, monitoring, partitioning, development assurance rigor, built-in-test, and safety-related
maintenance tasks/intefvals.

The PSSA process is interactive and associated with the design definition. Just as the development
PSSA process is iterafive. The PSSA process starts in the early phases of design with: the e

process is iterative, the
aluation of the system

architecture to identify gnd propose system-level safety requirements. System-level safety’requirenpents are then allocated

to subsystems and findlly subsystem requirements are allocated to equipment/items.(The PSSA
items determines the gppropriate hardware and software development assurancé_ rigor. The PS
requirements including jpbut not limited to safety, reliability, independence, and-sé€paration. Comma
are taken into account i the PSSA process. Care should be taken to accountfor.potential latent failu
exposure times. Once [the system-level safety requirements have beeniidentified through the
implementing subsystems/equipment/items’ designs mature, the SSA precess may be initiated.

Appendix D of ARP476[I A/ED-135 provides guidelines on how to perform a PSSA.

5.1.5 System Safety Assessment

The SSA is a systemafic, comprehensive evaluation of the implemented system. The objective o
confirm that the safety gbjectives and relevant safety requirements are satisfied. The difference bet
SSA is that the PSSA i$ a process to evaluate proposed architectures and identify safety requiren
is a process to verify that the implemented design meets both the qualitative and quantitative
requirements as defined in the SFHA and PSSA, and safety requirements passed from the PASA.

The SSA integrates the
safety requirements ide
their substantiations as

results of the yarious analyses to verify the safety of the overall system 4
ntified in the.RSSA. The SSA process documentation includes results of th
needed. The SSA also includes applicable common cause consideration re

The SSA process is ge
subsystems, and item

nerally represented through succeeding levels of verification through diffe
5. - hirough these upward hierarchical verification levels, hardware relia

pssignment of IDALSs to
BA also generates item
n cause considerations
Fes and their associated
PSSA process and the

[ the SSA process is to
veen the PSSA and the
ents, whereas the SSA

safety objectives and

nd to cover all relevant
e related analyses and
sults.

rent levels of systems,
ility requirements and

architectural requirements-are verified against the safety requirements identified in the PSSA proc

SS.

The SSA establishes maximum exposure times for latent failures to be considered for aspects of the aircraft operation and

maintenance.
Appendix E of ARP4761A/ED-135 provides guidelines on how to perform an SSA.

5.1.6  Aircraft Safety Assessment

The ASA is a systematic, comprehensive evaluation of the complete aircraft. The objective of the ASA process is to confirm
that the safety objectives and relevant safety requirements are satisfied. The difference between a PASA and an ASA is
that a PASA is a process to evaluate proposed architectures and identify safety requirements, whereas the ASA is
verification that the implemented design meets both the qualitative and quantitative safety objectives and requirements as
defined in the AFHA and PASA.

The ASA integrates the results of the various analyses to verify the safety of the overall aircraft and systems. This ASA is
refined and updated throughout the development process to reflect the updated design.
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The ASA uses the results obtained from the PASA and SSAs and includes assessment of interdependencies between the
aircraft functions and systems. The ASA ensures that system failure modes are considered for inclusion. The ASA also
includes applicable common cause consideration results and checks for consistency of those results with PASA and SSA
results.

Appendix F of ARP4761A/ED-135 provides guidelines on how to perform an ASA.

5.1.7 Safety Program Plan

For appropriate management of the safety assessment process, a safety program plan should be created. The safety
program plan(s) should define the scope and the content of the safety activities that are applicable at the aircraft and system
levels. The following provides an overview of topics that should be covered, unless otherwise justified, through the safety
program plan to support development assurance:

a. ldentify the input ddta for the safety assessment process

b. Identify applicable gafety standards

c. ldentify the project| safety organization and define responsibilities within this organization and its relationship with
partners and/or sugpliers with respect to the safety process

d. Describe the applichble safety assessment activities and their outputs, including the associateq deliverables

e. Define the key projgct milestones for which safety process outputs arerequired

f. Include the principlgs of the management and validation of the safety objectives, assumptions, and safety requirements,
and the verification [that the design meets those requirements

g. ldentify the links with the other appropriate plans (e.g., validation plan, verification plan, procesp assurance plan)

The safety program pla
company policies, com
an example for organizi

may address additional safety topics beyond those that support developmeént assurance, including
any procedures, and specific safety details necessary to support certificatign. Appendix B provides
hg the contents of an aircraft-level safety program plan.
5.1.8

Safety-Related [Flight Operations or-Maintenance Tasks

The safety assessment
actions. The tasks and
Where human performe
they should be identifieq
may be applicable (e.

may rely on or,_take into consideration flight crew, aircraft operations, or
procedures-assumed to be performed may be necessary to ensure safety
d tasks orlimitations are relied on to ensure safety or to form part of the cer
and reecorded in the certification data. Regulatory guidance on specific type
., A€ 25-19A/AMC 25-19 for Certification Maintenance Requirements

maintenance personnel
requirements are met.
tification substantiation,
b of tasks and limitations
on transport category

airplanes).

5.1.9 Relationship with In-Service Safety

A process for accomplishing in-service safety assessment is described in ARP5150A and ARP5151A or in other documents,
such as the guidance material of EASA Part 21 (GM21) when required by applicable regulation. These documents contain
an in-depth study of the processes used to establish and maintain surveillance of safety concerns on in-service aircraft
(i.e., continued airworthiness) and to resolve those issues and document the resolutions.

Taken as a whole, ARP4761A/ED-135 and ARP5150A (or ARP5151A or other applicable guidance material) encompass
the safety assessment process for the entire life cycle of the civil aircraft and its systems and items from conceptual design
to obsolescence.

Safety is not self-sustaining. When an aircraft is delivered it has an initial level of safety as identified by the SSA(s) and
ASA. As aircraft are operated, the level of safety is maintained through a continuing process of monitoring service
experience, identifying safety-related issues and opportunities, and then addressing these issues through appropriate
product or procedure changes.
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The in-service safety assessment process includes the following:

a.
b. Maintain the safety

C.

Maintain the airworthiness (certification) of the aircraft

of the aircraft

Improve the safety of the aircraft

The in-service safety assessment process is expected to be continuous, iterative, and closed-loop. When an event is
identified, assessed, and action implemented, the monitoring continues to validate the effectiveness of the action.

5.2

Development Assurance Level Assignment

The prerequisites needed for a good understanding of this section are the definitions of function, failure condition, failure,

error, and independenck.

Development errors arg addressed by instituting a development assurance process. The develop

establishes confidence that aircraft and system development has been accomplished in a_sufficien
limit the likelihood of dejvelopment errors that could impact aircraft safety. The development assura
rigor applied to the development process to limit, to a level acceptable for safety, the likelihood of]
the development procegs of aircraft/system functions and items that have an advérse safety effeq

service.

The development assurfance level of an aircraft/system function or item applies not only to the devq

aircraft/system function
items interrelated to the

The development assurfance level is assigned depending on theseverity classification of failure co

possible independence
severe the Failure Cong
development errors to 3
Specific considerations
5.2.1  General Princip

The general principles f
classification are descri

When a Catastrophic F

If a Catastrophic F

or item, but also to the development of the interfaces with all the other airg
extent that they may affect the function or itefbeing examined.

between development processes that'€an limit the consequences of develo
ition Classification, the greater the-development assurance level necessary
n acceptable level of confidence.

for how to conduct development assurance level assignment are described

les—Introduction to.Development Assurance Level Assignment

pr development assurance level assignment taking into account top-level fg
bed in the following paragraphs:

hilure Condition (FC) is involved, the assignment principles are:

ent assurance process
y disciplined manner to
hce level expresses the
errors occurring during
t if they are exposed in

lopment process of this
raft/system functions or

nditions considering the
pment errors. The more
to limit the likelihood of

in ARP4761A/ED-135.

ilure conditions severity

hction or item, then the

Cccould result from a possible development error in an aircraft/system fu
H H LA

t ocoiirana Ia—aacian

associated develo

If a Catastrophic FC could result from a combination of possible development errors between two or more independent

aircraft/system functions or items, then either one development assurance process is assigned level A, or two
development assurance processes are assigned at least level B. The other independent aircraft/system functions or
items are assigned no lower than development assurance level C. The development assurance process establishing
that the two or more independent aircraft/system functions or items are in fact independent should remain level A.
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When a Hazardous FC is involved, the assignment principles are:

If a Hazardous FC could result from a possible development error in an aircraft/system function or item, then the
associated development assurance process is assigned at least level B.

If a Hazardous FC could result from a combination of possible development errors between two or more independent
aircraft/system functions or items, then either one development assurance process is assigned at least level B, or two
development assurance processes are assigned at least level C. The other independent aircraft/system functions or
items are assigned no lower than development assurance level D. The development assurance process establishing
that the two or more independent aircraft/system functions or items are in fact independent should remain level B.

When a Maijor FC is involved, the assignment principles are:

If a Major FC could result from a possible development error in an aircraft/system function or item, then the associated
development assurgnce process is assigned at least level C.

If a Major FC could result from a combination of possible development errors between tw
aircraft/system fungtions or items, then one development assurance process is assigned gt least level C, or two
development assur@nce processes are assigned at least level D. The development.assurance process establishing that
the two or more indgependent aircraft/system functions or items are in fact indepéndent should femain level C.

b or more independent

When a Minor FC is invplved, the assignment principles are:

If a Minor FC could
development assur

result from a possible development error in an aircraft/system function or it¢m, then the associated

hnce process is assigned at least level D.

If a Minor FC coul
aircraft/system fung

d result from a combination of possible \development errors between tw
tions or items, then one development assurance process is assigned at lea

b or more independent
st level D.

When a No Safety Effe¢t FC is involved, the assignment.principle is:

e If a No Safety Effeqt FC could result from one-ofna combination of possible development error{s) in an aircraft/system

function or item, thq
5.2.2 FDAL and IDAL

To address the general
development processes

Function development

n the associated development assurance process(es) may be assigned lev

principles during-the development phase, two phases can be identified wi
: function dévelopment phase and item development phase.

el E.

h two different types of

phase: During this phase, requirements for functions are developed and

allocated to items. The

requirement development sprecess includes validation (assurance of completeness and corr¢ctness) of the set of
requirements. The level“of' rigor of the development process for function requirement develor)ment is given by the
development assurance Tever of the Tuncition hereafter calle . The objectives 10 be met for functions and requirements
are provided within this document; Appendix A gives the applicability of these objectives for each FDAL.

Item development phase: During this phase items are developed. The level of rigor of the development process for items is
given by the electronic hardware or software assurance level called hereafter IDAL. In the context of IDAL assignment, an
item does not contain architectural features to be used for credit in mitigating potential development errors within itself.
Architectural features to be used for credit in mitigating potential development errors should include design independence
between two or more items when assigning their IDAL. The objectives to be met, dependent on the IDAL, are given in
DO-254/ED-80 for electronic hardware and DO-178C/ED-12C for software. The objectives to be met for the integration of
electronic hardware and software are provided by this document. Note that the boundaries between systems and items
might not coincide with the boundaries between aircraft manufacturers and suppliers, or between suppliers and sub-tier
suppliers or with physical packaging.
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The design of simpler hardware items (e.g., mechanical hardware, electro-mechanical devices, electro valves, or servo
valves), including the identification of all their failure modes, can be fully assured by a combination of testing and analysis.
Such simpler hardware items do not have an IDAL, although the system function using them will have an FDAL. Validation
and verification activities for these items should be consistent with established and accepted development processes and
techniques for these types of hardware items.

5.2.3 Detailed FDAL and IDAL Assignment Guidelines

The AFHA and SFHA processes are used to identify failure conditions in a systematic manner early in system development.
The functions, their failure conditions and classifications, and the proposed architectures to implement those functions are
assessed to assign development assurance levels in the PASA and PSSA processes, as shown in Figure 7. Development
assurance levels are assigned to aircraft/system functions and items so that the appropriate validation and verification
processes are invoked to minimize the potential for errors in their development processes. The assigned development
assurance level does not imply particular random hardware failure probabilities, i.e., the probability analysis of the failure

condition is also requirF_h—l_I_m_l‘m_I_l__l—l_W—lw €N necessary to confirm that the saiety requirements are satsiied. J he level of rigor in the
development assurancg of an aircraft/system function or item is established by assignment of.a-development assurance

level, be it a FDAL to a function or IDAL to an item.
FHA (A/C, Bys) | "pasa/PSSA 1
( Py )>| PASA / PSSA Architecture affirmation /
Functions > I changes
_ I | Proposed
Operationa | Safety
Requirements I Requirements
|
Proposed | FDAL & IDAL
Arcﬁitecture I Assignment L » FDAL, IDAL
A $I Process | e Functions
| | e Electronic Hardware
e _l_ _____ _! e Software
Figure 7 - FDAL/IDAL assignment process

Interactions of system functions making  up an aircraft function need to be assessed at the FDAL|of the aircraft function.
Interactions of items mgking up a system function need to be assessed at the higher of the FDALs of the aircraft and system
functions.

The development assyrance-level assignment process begins with FDAL assignment to the functions involved in the
aircraft's and/or systemp” EHA failure conditions (called herein top-level failure conditions).

An FDAL is assigned to the top-level function, based on its most severe top-level Failure Condition Classification. This is
performed for each function in the aircraft and system FHAs in accordance with Table 2. This assignment establishes the
rigor for the applicable development assurance processes described in this document.

Table 2 - Top-level function FDAL assignment

Top-Level Failure Condition Associated Top-Level Function
Severity Classification FDAL Assignment

Catastrophic
Hazardous
Major
Minor
No Safety Effect

m|olo|o| >
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For detailed FDAL and IDAL assignment considerations, such as the role of simple hardware items or external events, refer
to ARP4761A/ED-135.

5.2.3.1 FDAL Assignment without System Architecture Consideration

Table 2 can be used to directly assign the development assurance levels for everything under that function (i.e., FDAL for
all the functions supporting the top-level Function, and IDAL for all items in the architecture at the same level as the top-level
function FDAL). When the mitigation strategy for systematic errors is a single FDAL A development process for a
Catastrophic failure condition, then the applicant may be required to substantiate that the development process for that
member has sufficient independent validation/verification activities, techniques, and completion criteria to provide
confidence that potential development error(s) having a Catastrophic effect have been removed or mitigated. In this case,
the development assurance process needs to provide confidence that development error(s) will be detected and resolved
within the process rather than relying on independence within the architecture.

5.2.3.2 FDAL Assignment with System Architecture Consideration

Once an FDAL is assi
architecture of the syste
levels of those system
functions.

During allocation of a td
cause the top-level haz
function’s FDAL. Howe|
sub-functions may be &
ARP4761A/ED-135.

The prerequisites of FL
their independence.

A systematic approach
concept of FFSs. Syste
condition and the memt
analyses, such as FTA

Conceptually, for FDAL
(as defined in ARP4761
errors combine to result
that combine to result in

jned to a top-level function based on the top-level failure conditions) se
m functions involved in that top-level function is examined to determine the
functions. This section describes a process for determining the ' EDALs fo

p-level function into two or more independent sub-funetiéns (i.e., one sub-
ard), it is possible to assign an FDAL of at least ong)of'the sub-functions
ver, there may also be functional allocations where the FDAL assignmen
s high as the level of the top hazard. Several different FDAL assignment

AL (and IDAL) assignment are the details of the Functional Failure Set (f

to assigning development assurance levels, when considering system arc
m Safety Assessment processes are used to identify all the FFSs that lead
ers of each FFS. The FFSS for a given failure condition may be identified by
refer to ARP4761A/ED-135, Appendix G) or DD (refer to ARP4761A/ED-1

(and subsequently\IDAL) assignment purposes, an FFS is analogous to a f
A/ED-135). More'specifically, an FFS is a set of one or more members whos
in a top-levelfailure condition; in contrast, a fault tree minimal cut set is a s€e
a top-levelfailure condition. The FFS is used to assign the appropriate rigor

development errors. A failure condition may have a single FFS or multiple FFSs, and each FFS ma

or multiple members.

erity classification, the
levelopment assurance
the supporting system

unction by itself cannot
ower than the top-level
t of at least one of the
cases are discussed in

FFS), its members, and

hitectures, is to use the
to each top-level failure
using qualitative safety
B5, Appendix H).

hult tree minimal cut set
b potential development
t of one or more failures
to mitigate the potential
y contain either a single

5.2.3.2.1 Independemnce-Atiributes

Independence between aircraft/system functions or items can protect against potential common development errors and is
a fundamental attribute to consider when assigning development assurance levels.

The intent of independence attributes is to have sufficient confidence that the likelihood of a common development error is
minimized between two or more members commensurate with the severity of the Failure Condition Classification.

Four types of independence attributes are defined: functional independence, item development independence, physical
independence, and process independence. For the purposes of assigning FDAL and IDAL, functional independence and
item development independence are considered.

Physical independence and process independence are not used in FDAL and IDAL assignment. Physical independence
provides mitigation against undesirable effects caused by failures and events but is not intended to mitigate development
errors. After the development assurance level is assigned, process independence may be used to minimize the likelihood
of development errors.
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5.2.3.2.1.1

Functional Independence

Functional independence is an attribute where the functions are different in order to minimize the likelihood of a common
development error. For example, allocation of two different sets of functional requirements could minimize the likelihood of
the same error being present in both. Analysis should show that the requirements have been subjected to a sufficiently
thorough examination, at a level commensurate with the severity of the failure condition being examined, and no adverse
commonality was identified.

Functional independence minimizes the likelihood of common sources of error associated with:

Common requirements errors

Common requirement interpretation errors

Examples of functiona
system-level function a

Decelerate on the g
Control direction on
Control aircraft in th
Provide relative airg

Navigate (Global P

Provide fuel quantit

The requirements nece
cycle and may lead to g

Functional independen
been minimized at a le
substantiated at all leve
523212 Iltem Dev|

Item development indeq

L

independence where different requirements are employed to implemen
d may minimize the likelihood of errors leading to the relevant top-level fail

round (wheel brakes, engine thrust reversers and ground spoilers)

ground (nose wheel steering, differential braking, and the rudder at high sf
e air (flight control surfaces and vectored thrust)

raft position (communication and navigation)

psitioning System and Inertial Reference System)

Provide Angle of Attack (vane and synthetic Angle of Attack,computed from airspeed and inert

y (engine fuel flow rate and tank fuel probes)

onstraints on item development and system architecture.

e is substantiated when the common sources of error between multiple se
el of rigor commensurate with the top-level failure condition severity class
Is of abstractien'or requirement decomposition.

elopmentindependence

endence is an attribute where the items are different in order to minimize thd

l/achieve an aircraft or
re conditions include:

eed)

al data)

ssary to enforce/maintain funetional independence should be managed throighout the development

s of requirements have
fication. This should be

likelihood of a common

development error betw

een the individually developed items.

Examples of errors that

may be mitigated by item development independence:

Software design error (including software requirements, software architecture, etc.)

Hardware design error (including hardware requirements, hardware architecture, etc.)

Electronic hardware tool errors (Hardware Description Language coders, layout tools, etc.)

Software development tool errors (compiler, linker, etc.)

Software development error (including software development process, software configuration control, etc.)

Hardware development error (including hardware development process, hardware configuration control, etc.)
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Examples of means to achieve item development independence:

o Different operating systems

o Different computer/software languages

e Different microprocessors

e Different teams and processes to drive different designs

Item development independence is substantiated when the common sources of error between multiple items have been
minimized. Substantiation is accomplished by applying a level of rigor commensurate with the severity of the top-level
Failure Condition Classification with considerations such as the state-of-the-art and in-service experience. Requirements

for independence between items should be allocated to those items from the system as needed. If the presence of common
error sources between {he items cannot be minimized, then item development independence canngt be claimed.

5.2.3.2.1.3  Physical [ndependence

Physical Independencq is used to minimize the likelihood of common failures caused*by phys

environmental effects Iy using physical separation or segregation between two _or more things

equipment, wiring, tubing. Variations in material properties and manufacturing folerances can pre
b time. Physical separation can protect against some, but'not all event-drive

failing at the exact sam
it may protect against bpllistic FOD, but not a common mode icing condition

cal failure, damage, or
, e.g., hardware items,
ent two like items from
n threats. For example,

5.2.3.2.1.4 Process |[ndependence

Process Independence
the accomplishment of
are not performed solel
is assigned, process ing

5.2.3.21.5 Summary

minimizes the likelihood of development errors by using separation of responsibilities that assures
objective evaluation by someone other;than the performer of the activity, ¢.g., validation activities

by the developer of the requirement(s) of a system or item. After the develppment assurance level
ependence may be used to minimize the likelihood of development errors.

of Functional and ltem Develepment Independence

Functional independen
development independ

Ce ensures that the function requirements should not suffer from a common error, whereas item
nce ensures that item-designs on which the function(s) is/are implemented should not suffer from

a common development error.

5.2.3.2.2 FDAL and IDAL Assignment Process Overview

sification from the FHA
into sub-functions, the

FDAL and IDAL assignment jsta*top-down process starting with the failure condition severity clas
and assigning the top-level FDAL in the PASA/PSSA. After decomposing the top-level function
sub-functions’ FDALs dré-assigned. Each sub-function is then decomposed and/or allocated further into items and then
items’ IDALs are assigned: ' i ping new functions and
new items. Nevertheless, experience identifies that development often makes use of aircraft/system functions and items
that have been developed and certificated for previous applications (see 5.3.1.11). When considering re-use of previously
developed aircraft/system functions and items, their FDAL and IDAL should be shown to address the general principles
defined in 5.2.1. Specific considerations are described in the FDAL and IDAL assignment process found in
ARP4761A/ED-135.

Once an FDAL is assigned to the top-level aircraft function based on the top-level failure condition severity classification,
the architecture implementing the system functions involved in the top-level failure condition is examined to delineate the
development assurance levels of those system functions.

If it can be shown that the aircraft or system architecture provides containment for the effects of development errors by two
or more independent members, development assurance levels may be assigned with consideration of the containment
provided by the architecture. Safety assessment processes are used to identify the members within the FFSs that lead to
the top-level failure conditions. The identification of the FFS is the subject of PASA/PSSA and the independence attributes
of the FFS are considered in CMA. A top-level failure condition may have more than one FFS.
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The level of rigor for substantiating the independence among the members of the FFS is the same FDAL assigned to the
top-level failure condition per Table 2. The members within a given FFS may be assigned their own FDALs which may be
lower than the top-level failure condition severity classification, provided the functional independence attribute is satisfied.
Interactions of systems making up an aircraft function need to be assessed at the FDAL of the aircraft function, including
substantiation of the asserted functional independence.

The general principles (see 5.2.1) provide the guideline for assigning FDAL to member(s) within an FFS relative to the
severity classification of a given top-level failure condition. An example process of entering and navigating through the
General Principles is presented in ARP4761A/ED-135. The process is repeated for all top-level failure conditions for each
function, and then the most stringent FDAL is assigned to that function in consideration of its role in all its failure conditions.
The choice of assignment per these general principles is at the discretion of the certification applicant based on what option
is considered most appropriate to address the identified failure conditions.

The IDAL assignment always follows the FDAL process. When the system architectures are refined down to the item level,
the FDAL is assigned [fo an g g principles. to enter into the IDAL
assignment process ¢onsistent with the FDAL assignment approach relative to the top?level failure condition.
ARP4761A/ED-135 provides process description to maintain this consistency. The assignment bgcomes the IDAL of the
related item. This IDAL jwill be used as an input for the application of DO-178C/ED-12C (soéftware development assurance)
or DO-254/ED-80 (elecfronic hardware design assurance).

For IDAL assignment, the options available in the general principles related to the top-level Failure [Condition Classification
may be used, provided the FFS has item development independence. However, Whichever option i chosen, the final FDAL
and IDAL combination should be in accordance with the general principles 0f/5.2.1 and the geng¢ral cases presented in
ARP4761A/ED-135.

5.3 Requirements Cqpture

The aircraft developmept process includes the identification of aireraft/system functions and establjshing the requirements
associated with these flinctions. These functions, including functional interfaces and corresponding requirements to meet
safety objectives, form the basis for establishing the architecture. Choices made and problems encountered during
implementation are a pfimary source for derived requirements and may lead to identification of ngw system requirements
to meet safety objectivds.

Plans and standards addressing requirement capture should be developed to establish consistency across the set of
requirements, particulgrly when using model requirement capture formats, and ensure communication across the
development team of rgquirement capture lexpectations.
When a modeling apprgach is planned-fo be used to represent requirements, the planning activity $hould:

o |dentify the use of models/modeling.

¢ |dentify the intendeg todls and their usage during the development.

o Define modeling standards and libraries in order to establish a common understanding of the use of the models based
on the modeling language to be used. Model contents should be in a readable form. Means should be provided to
unambiguously identify symbols or names relative to the actual signals and interfaces represented. The model should
be developed in a layered manner. For example, subsets of model elements which may be used more than once may
be handled and represented either as a unit or as the full contents.

System models may or may not support the software/hardware development processes. If these models are further
developed such that they can be used to capture item requirements and then directly used to produce embedded code
(software/Hardware Description Language), this process should also apply DO-178C/ED-12C and DO-254/ED-80 from
when the system requirements are allocated to items until the software or hardware is returned to the system processes for
system verification. Refer to DO-331/ED-218 for more software model-based development guidelines.


https://saenorm.com/api/?name=97a561e1a07c5a9ad83e78481cb2ea93

SAE INTERNATIONAL ARP4754™B Page 43 of 172

5.3.1 Classes of Requirements

Different classes of requirements should be considered at various phases of the development activities (i.e., aircraft, system
and item). Requirement classes may not be mutually exclusive (i.e., a requirement may be associated with multiple
requirement classes). The sub-sections that follow outline common classes of requirements; additional classes may exist.

5.3.1.1 Safety Requirements

Safety requirements are those which are necessary to achieve either a safety objective or satisfy a constraint established

by the safety process. Safety requirements may exist at the aircraft, system, and item levels. Types of safety requirements
may include independence, probability, availability, integrity, monitoring, operational, and maintenance requirements.

Safety requirements are identified by the safety assessment processes as described in 5.1.

Safety requirements shpuld be uniquely identified to ensure visibility through the levels of development.

5.3.1.2  Functional R¢quirements

Functional requirement
They are a combinatior
These requirements de
functions should be eva
5.3.1.3 Customer Re
Customer requirements
Requirements may incl
operating practices, ma
5.3.1.4  Operational R
Operational requiremer
and each aircraft syster
information requiremen
circumstances need to

5.3.1.5 Performance

Performance requiremgnts definenthose attributes of the function or system that make it usefu

operation. In addition tg
such as: accuracy, fidel

b are those necessary to obtain the intended behavior of the system under
of customer desires, operational constraints, regulatory restrictions, and i
fine all significant aspects of the system under consideration! Regardless ¢
luated for their safety-related attributes.
quirements

will vary with the type of aircraft, the specificdunction, or the type of systq
Ide those associated with the operator’s intended payload, route system, 4
ntenance concepts, and desired features:
Requirements

ts define the interfaces between the flight crew and each functional system
h, and various other aircraft support people and related functions or equipn

be considered when.defining operational requirements.
Requirements

definingsthe type of performance expected, performance requirements in
ty, range, resolution, speed, and response times.

5.3.1.6 Physical and

"

e conditions specified.
plementation realities.
f the original source, all

m under consideration.
\ir Traffic Management,

, the maintenance crew
ent. Actions, decisions,

ts, and timing constitute the bulk of the operational requirements. Both pormal and non-normal

to the aircraft and its
clude function specifics

Inestallation Paciiiramantc
HStoHO e gqurerierits

Physical and installation requirements relate the physical attributes of the system to the aircraft environment. They may
include size, mounting provisions, power, cooling, environmental restrictions, visibility, access, adjustment, handling, and
storage. Production constraints may also play a role in establishing these requirements.

5.3.1.7 Maintainability Requirements

Maintainability requirements include scheduled and unscheduled maintenance requirements and any links to specific safety-
related functions. Factors such as the percentage of failures that are detectable and the percentage of failures that can be

isolated may also be important. Provisions for external test equipment signals and connections should be defined in these
requirements.
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5.3.1.8 Interface Requirements

Interface requirements include the physical system, equipment, and item interconnections along with the relevant
characteristics of the specific information communicated. The interfaces should be defined with all inputs having a source
and all output destinations defined. The interface descriptions should fully describe the behavior of the signals.

5.3.1.9 Certification Requirements

Additional functions, functional attributes, or implementations may be required by certification regulations or may be

necessary to show compliance with certification regulations. Requirements of this class should be defined and agreed upon
with the appropriate Certification Authorities.

5.3.1.10 Derived Requirements

At each phase of the development activity, design decisions are made as to how particular req
requirements are to be |met. The consequences of these design decisions become requiremerits-f
development. Since these requirements result from the design process itself, they/may i
characteristics beyond {hose specified in higher-level requirements and are referred to as derived

uirements or groups of
br the next phase of the
htroduce behaviors or
equirements.

Derived requirements $hould be examined to determine which functions they support so that
Condition Classification can be assigned, and the requirement validated. See)5.3.3 for the
requirements.

the appropriate Failure
evaluation of derived

For example, derived re
a specific function. The
The Failure Condition

quirements may result from the decision to select asseparate power supply fqr equipment performing
requirements for the power supply, including thie’safety requirements, ar¢ derived requirements.

necessary developmen

Classification(s) associated with the function supported by the power
assurance level.

supply determines the

Derived requirements may also result from architecture choices: For example, selecting a triplex afchitecture for achieving

a high integrity function

a dual monitored architg¢cture for achievement of the same objective.

Derived requirements 1
Condition Classification

Derived requirements 3
may be significant at th
interface, may be hand]

Derived requirements s
development phase. De

| objective would have different consequences and different derived requirg

hay result from a design degcision to isolate function implementations havi
s from the failure effects 'of systems having less severe Failure Condition C

Iso include those,defining the electronic hardware-software interface. Som
e system level. The remainder, dealing with detailed aspects of the electr]
ed under the guidelines of DO-178C/ED-12C and DO-254/ED-80.

hould bewcaptured and treated in a manner consistent with other requiren
rivedirequirements should include rationale and/or references to applicablé

ments from selection of
ng more severe Failure
assifications.

p of these requirements

bnic hardware-software

nents applicable at that
design standards.

5.3.1.11 Re-Use of Sy

stems, Fqllipmnnf, or ltems from Drn\/inllcly Certificated Products

Systems, equipment, and items that have been used on other aircraft are often reused in new or derivative aircraft. The
maturity of these systems, equipment, and items has benefit, but it should not be assumed that they meet the requirements
of the new installation. Even if no design changes are to be made to the system, equipment, or item, the requirements to
which the system, equipment, or item was certificated should be validated according to the new application and modified
as necessary. Assumptions from the previously certificated aircraft should be managed for the new or derivative aircraft
(see 5.4.2.4). Derived requirements, compatibility of the interfaces, and the operational environment should be validated as
well. Care should be taken in interface definitions that may be broad and may have been met in an earlier application but
may not be met in the re-use instance due to considerations such as cable loading or bus termination conventions.

Verification activities should then be carried out against these requirements, including integration with the aircraft as
required.

See Section 6 for more information.
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5.3.2 Capturing Safety Requirements from the Safety Analyses

The types of safety requirements for each function, whether at the aircraft, system, equipment, or item levels, are typically
the independence requirements, probabilistic availability and integrity requirements, no single failure criteria, monitor
performance requirements, safety or protective features, development assurance levels, and operational and maintenance
limitations. The probabilistic requirements are typically handled through a budgeting process.

For a given function, safety requirements are established using the results of the PASA and PSSA. These safety
requirements include a straightforward assignment from failure categories based on the consequences of that function’s
failure. There are circumstances when some combinations need to be considered. These need to be selected in a manner
that covers needed combinations without having to consider an exponentially increasing number of irrelevant combinations.

The safety analysis process may also identify assumptions that need to be managed to closure. These assumptions may
be about a capability within a system, features in another system, or a future activity (e.g., flight crew or maintenance
procedures) that have ot yet been defined. Assumptions relating To capabilifies within a system car] be managed at system
level; all other assumptipns are managed at aircraft level. Confirmation as to whether the assumptioefj is correct or not should

be fed back to the orig|nating safety process. The management of assumptions typically results
requirements that when successfully verified, provide the evidence that the assumption was. confirn

5.3.3 Identifying and [Evaluating Derived Requirements

Derived requirements ghould be identified and their functional and safety impagt should be evalu
progressively higher leyels until it is determined that no further impact is¢prepagated. The meth
evaluating derived reqyirements should be documented as part of the dévelopment assurance p

n, or points to existing,
ned.

hted for acceptability at
ods for identifying and
anning process. These

methods should align

ith the objectives of the safety assessment process.

5.3.4 Capturing Maintenance Requirements for In-Service Use

nance requirements are
ties, which support the

While the requirements|used for developing the aircraft and/orsystems are being captured, mainte
also captured to ensurg¢ the continued airworthiness of the aircraft throughout its life. These actiy
requirements, can then be included in the Instructions™for Continued Airworthiness (ICA). The| periodic maintenance,
inspection, or overhaul that are required to maintain,the integrity of the system or structure orl to maintain the safety
protection features shoulld be captured as maintenance requirements in the ICA. Depending on their criticality, some ICAs
may need a higher level of visibility and protection against inadvertent deletion or modification; in guch cases, they should
be included in the Airwgrthiness limitations section of the maintenance manual, as appropriate.
5.4 Requirements Vglidation
Validation of requireme|
so that the product will

hts is the pracess of ensuring that the specified requirements are sufficient
meet the needs of customers, users, suppliers, maintainers and Certificatio
aircraft, system and itefh developers (e.g., flight crews, as users, may have a need for a certain sy
control and a level of performance for that behavior). While the format of the validation effort is
structured process should-be defined in the validation plan (see 5.4.7)

y correct and complete
h Authorities, as well as
5tem behavior for thrust
left to the developer, a

Given the importance of effectively capturing requirements that will satisfy these needs, the following guidelines may be
helpful:

o |dentify the interfaces (i.e., with the aircraft, with other systems, with other equipment, with items, with people, with
processes, across organizational or corporate boundaries).

Identify the individuals that have a primary interest in an interface or a need for an interface.

Interfaces should be formalized through agreements (e.g., statement of work, plan, manual, requirements document,
interface document, legal contract).

The agreement should define the ground-rules so an interface can be realized. (Who owns which side of the interface;
what is the means of identifying problems and correcting them; what is the format or constraints associated with the
interface?)
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appropriate.

of the data, that it is fit for purpose.

The agreement should define the interface behaviors that are to be provided when an input is received.

The agreement should define the background and context of interfaces, to the extent necessary to assess if it is

The provider of data should have visibility to how the interface is going to be used to help ensure, along with the user

An independent reviewer (see 5.4.5) should challenge the assumptions and interpretations of captured requirements

with the requirement owner, ideally as they are being captured, in order to ensure that these requirements have the
same meaning for the requirement owners and recipients.

Ideally, requirements should be validated before the design implementation commences. However, in practice, particularly
for complex and integrated systems, the validation of requirements may not be possible to complete until the system

implementation is availgble and can be tested in its operational context. In consequence, validati

]

process continuing through the development cycle. At each stage, the validation activity providesri

the correctness and co

The validation process at each level of the requirements hierarchy should involve all relevant techni

System Safety. Experie
errors or omissions ea
performance.

Testing may simultaneqg
as part of the requireme
implemented system, w
the system is operating
5.4.1 Validation Proc

Ensuring correctness a
we building the right air

Examination of require

objective of the validatipn process is to limjt-the potential for unintended behavior in the system or

to be induced in interfaq
5.4.2 Validation Proc

Requirements should
requirements allocated

pleteness of the requirements.

nce indicates that careful attention to requirements development and valid

usly serve the purposes of verification as well as validation when the system
nts validation process. One purpose of this activity is to check that the requ
hile a separate purpose is checking that the.requirements are appropriate
Such dual purposes should be reflected by-coordination of the verification

bss Objectives

nd completeness of requirements are the objectives of the requirements vali
craft?).

ments to ensure they.are both necessary and sufficient is a key aspect

ing systems.
ESs

be validated at each hierarchical level of requirements definition. This
to airctaft, system, and item levels, and the management of assumptions.

bn is normally a staged
ncreasing confidence in

tal disciplines, including
ption can identify subtle

ly in the development cycle and reduce exposure to subsequent redesign or inadequate system

implementation is used
rements are met by the
to the context in which
and validation plans.

dation process (i.e., are

of validation. A further
or unintended behavior

includes validation of

The relationship of vali

(P 4 4 ] ! P I} H = 4 A ol ] Lol
UallUIT U SyoITITT UTVTIUPITITTIU TS SITUWIT T T TYUTT 5. AT TAPAITUTU vdlllad

ion process diagram is

shown in Figure 8. Inputs to the validation process may include a description of the system (including the operating
environment), the system requirements, a definition of system architecture, and the development assurance level.
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Figure 8 - Validation process

An overview of the reqliirements validation process is outlined below. These processes may be uged for validation at the
various hierarchical levegls. Theseprocesses may be used to support certification.

5.4.2.1 Validation Plan

The validation plan shotid-define-the-specificmethodsto-be-used-for-validation-efrequirements—ddta that will be collected,
data storage requirements, and validation schedule. Additional information on validation planning is provided in 5.4.5, 5.4.6,
and 5.4.7.

5.4.2.2 Determination of Validation Approach

Once the development assurance levels of the functions have been assigned by the safety assessment processes, the
necessary approach to validation is then applied to the set of requirements for the specific function (see 5.4.5).

5.4.2.3 Correctness and Completeness

Correctness is the degree to which an individual requirement is unambiguous, verifiable, unique, consistent with other
requirements, and necessary for the set of requirements.

Completeness is the degree to which a set of correct requirements satisfies the interests of customers, users, maintainers,
and Certification Authorities, as well as aircraft, system, and item developers under all modes of operation and life cycle
phases for the defined operating environment.
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Additional information on correctness and completeness checks is provided in 5.4.3 and 5.4 .4.

5.4.2.4 Management of Assumptions

In the majority of system development programs, a number of assumptions (or judgments) are made that are not directly
provable at the time the information is needed. The existence of such assumptions is not, by itself, a certification concern,
provided that the consequences of an incorrect assumption are assessed and documented. However, the possibilities for
miscommunication about the basis and scope of such assumptions are numerous and the related consequences can
jeopardize satisfactory implementation of safety requirements. Thus, assumptions (either explicit or implicit) should be
identified, and their reasonableness and rationale established based on the specific system and its development assurance
level.

Assumptions may be used early in the development process as a substitute for more explicit knowledge that will be available
later. Aircraft and system development is iterative and concurrent and is not only top-down but may have bottom-up
influences. Also, all inteffacing sysiems and items within the system may not be at the same development phase to support
the system design procg¢ss. Requirements may have to be based on assumptions rather than on.trageable requirements for
work to progress on a|particular system. In these cases, requirements validation consists”of showing that the explicit
knowledge or acceptable rationale was indeed obtained and that any inconsistencies between the| explicit knowledge and
the related assumption were resolved.

Any requirements base
based on assumed high

 on assumed parent requirements should be identified and)should be trag
er-level requirements should be resolved by the time of certification.

ed back. Requirements

The process of managing assumptions includes ensuring that assumptions.are:

Explicitly stated

minated

Appropriately disse

e Confirmed by supp¢rting data

Where the consequencks of an erroneous assumption appear to have significant potential to redyce safety, one possible

requirements validation
of an assumption error.

The remainder of this s¢
this purpose, assumptidg

Operational/environ

systems, performa
intervals, performa
requirements with t
about the operations

strategy consists of showing how the system design limits or bounds the ac

ction provides guidelines for identifying and judging the reasonableness of a
ns are categorized below.

mental agsumptions associated with air traffic, maintenance, cargo, personn
ce, operational procedures, and passengers (e.g., exposure times, traffic
ce limitations) should be considered. Frequently it is difficult or not po

hievable consequences

Esumptions. To facilitate

el, flight dynamics, ATC
densities, maintenance
ssible to agree on the
r to make assumptions

€ prlmary owners of these systems ThIS may reqU|re the alrcraft deS|gne

behalf of these system

owners when agreeing on the operatlonal context For example, the Certlflcatlon Authorltles may represent the interests
of the air traffic control system not only in regulation but also confirming an assumption about the level of traffic density.

Design assumptions associated with crew interface, system interface, and reliability should be considered. Confirming

assumptions in this area may be accomplished by review against existing industry experience and practice.

o

The crew interface assumptions may include the interaction of the crew with the equipment and the operational
environment under normal and emergency conditions, crew performance characteristics (e.g.,

response times,

display interpretation, physical limitations), and crew interaction. Some examples of assumptions about the crew

interface are crew response times to various types of messages, event recognition times (e.g.,

recognition of

hardovers), decision making strategies, and the discrimination accuracy on the basis of physical shape, visual form,
color, or dynamic performance.
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System interface assumptions may address issues associated with the meaning or logical interpretation of the data

exchanged (e.g., format, integrity, latency, resolution) or they may focus on the physical characteristics of the data
signal (e.g., voltage levels, impedance, signal to noise ratio). Some examples of assumptions about the system
interface include the probability of misreads of data bus information, correct processing of failure data by all related
interfacing systems, failure containment, and characteristics of incorrect inputs.

Reliability topics for which assumptions are often made may include: the adequacy of failure rate modeling over the

life cycle, dispatch inoperative considerations, the adequacy of scheduled maintenance tasks and their frequency,
the adequacy of piece-part derating, consideration of potential failure latency and exposure periods, the
completeness of the failure modes analysis, the adequacy of test data to establish or support reliability predictions,

and the applica

bility of in-service reliability data.

Serviceability assumptions usually assume that provisions for service and repair do not degrade safety. This assumption

may be confirmed by review of service and maintenance procedures and associated equipment.

Installation assumgtions (e.g., separation, isolation, cable binding, wire sizing, environment,

breaker sizing, ventilation, drainage, sources of contamination, mounting characteristics} gr
should be considerg¢d. Confirming assumptions in this area may be accomplished by review ag

and practice, selec
The means of managin

5.4.2.5 Validation Mg
The validation process
results, including, as 3
operational considerati
should be identifiable.
summary.

5.4.2.6 Validation Su

The validation summary

5.4.3 Correctness Ch

ive testing, and/or inspections of mockup, prototype, or production/drawing
j assumptions during the development process should be defined in the va
trix

includes preparation of a validation matrix (see*5:4.7) that references requ
ppropriate, those for hardware/software perfermance, derived requireme
bns, requirements based on assumptions,“and supporting data. The sour
[This matrix should be updated regularly:*during the development and ing
mmary

includes data describing the'process, as well as the results (see 5.4.7).

ecks

During the validation process the correctness of the stated requirements content should be

Correctness checks sh
assess correctness of
validation methods des

a. Isthe requirement

buld be carried:out at each level of the requirements hierarchy. The follow
requirements. The answers to these questions may be determined thrg
cribed in-5:4.6. This list should be tailored and expanded for the specific ap

arrectly stated? For example:

power hook-up, circuit
pbunding, and shielding)
binst industry standards
5/hardware.

idation plan.

irements and validation
hts, environmental and
ce of each requirement
luded in the validation

reviewed and justified.
ng questions may help
ugh application of the
lication.

1.

2. s it identifiable

“how to”?

Does the requirement have a unique interpretation (unambiguous)?

as a requirement?

Is the requirement redundant?
Does the requirement conflict with others?
Does the requirement contain errors of fact?

Is it physically possible to meet the requirement?

Is the statement of the requirement expressed, where possible, in terms of what, when, and “how well,” rather than
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to the impact on those with an interest in or interface with the system?

10.
11. If it is a derived
12.

13.

Is the set of require
Does the set of req
1.
2. Are all system f
3. Is the impact of
4. Are integrity, re
e. Are the selected va
f.  Are all assumptiong
5.4.4 Completeness
The completeness of a
check of requirements,
generally stated need f

is viewed as a probab
checklists, as well as th

Does the requirement include specific tolerances?

Is the requirement verifiable as described in 5.5?

requirement, is it supported by a rationale?

Is the source(s) of the requirement identified and correct?

Is the requirement necessary for the set of requirements to be complete?

Is there enough information available to allow a future change to be made completely and consistently with visibility

Does the requirement contain multiple characteristics that may be better listed as separate requirements?

ments better suited to be combined into a single requirement?

lirements correctly reflect the safety analyses? For example:

Are all requirenpents from safety assessments included?

ailure conditions identified and classified correctly?

unsafe design or design errors considered?

iability, availability, and failure tolerance requirements included?

Jidation method(s) sufficient to assure reguirement correctness (see 5.4.6)7)
against the requirement captured?

Checks

et of requirements by its nature may be difficult to prove. As a basis for pert
it is possible to use“the list of possible classes of requirements (see 5.

br the system may have unstated or unanticipated specific needs and expe

e outcome offollowing a validation process that may include a combin
e involvement of actual customers, users, maintainers, Certification Authori

The specific validation processtfor assessing completeness should be defined in the validation plan

5441 Templates arn

d’Checklists

orming a completeness
3.1). Individuals with a
ctations. Completeness
ation of templates and
ies, and developers.

(see 5.4.7).

A template in the form of a standard specification format, based on lessons learned, may reveal omissions and help prevent
incomplete requirements.

Checklists may be used by authors and reviewers for completeness checks. The checklist should cover all areas that have
a primary interest in the system and their applicable interfaces to ensure that their needs and expectations will be satisfied.

The following material provides assistance in developing checklist questions for assessing the completeness at each

hierarchical level of req

a.

uirements. This list should be tailored for the specific application.

b. Does the requirements set fully cover the following?

1. All higher-level

functions allocated to this system

2. Safety assessments

Is it apparent from the traceability and supporting rationale that the requirement(s) will satisfy the parent requirement?
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3. Regulatory standards and guidance

4. Industry and co

mpany design standards

5. Flight operations and maintenance scenarios

other systems, people, and processes identified?

he interface to be realized?

Are the constraints (e.g., protocol, mounting configuration, and timing) associated with each interface defined in

Are the system, people, or process behaviors that result from an interface agreed to and captured as requirements on

both sides of the interface? For example, an engine system may provide data to a flight display system. How that data
is used in the flight display system and how the crew may respond to that data should be agreed to as an interface

c. Are all interfaces to
d.
sufficient detail for t
e.
requirement with th
input to the engine
captured as require
f. Forarequired beha
defined?
g. Is the set of functio
h. Does the functional
i. Are all assumptions
5442 User, Operat

One of the difficulties in
or don’t want from a sy
requirements from user
means of eliciting requ
beneficial in identifying

5.4.4.21 Operation g

An effective means of iflentifying missing requirements early in the development process is writing

a system should functio
scenarios may be used
process. This provides
with the system. Such

b engine control system owner. Another example is the flight crews’ input to
which results in engine thrust behavior. The expected thrust behavior.'s
ments with the flight crew or those that represent flight crews in general.

vior, should there be an associated prohibited behavior defined and, if yes, ig

nal requirements fully allocated and traced to the system architecture?
allocation clearly allocate between electronic hardware and software in the
captured and controlled by a managed process?

pr, and Maintainer Involvement

achieving a complete set of requirements is that users don’t always know
5. The early capture of operation and maintenance scenarios, as well as p
rements. These are not proposed as the best means but are suggested 3
Mmissing requirements (see 5.3).

nd Maintenance Scenarios

h to accomplish a desired goal in response to inputs from users of that syste
is to define the procedures for the operating and maintenance manuals e

isibility of how the system is proposed to work in different operational scenar
isibility may aid in the identification of missing desired behaviors or protect

be captured in the scer

’lhe throttle: the throttle’s

ould be agreed to and

the prohibited behavior

system architecture?

what behaviors they do

stem. This is particularly true with'new or novel features. There are a number of means of eliciting

rototyping, are example
s ways that have been

down scenarios of how
m. One example of how
arly in the development
jos to users that interact
on features that should

arios-and-subseauenthin the reauirements ln stich a scenario -the user
< Y < g g

may be another system

but typically the users are people.

A number of scenarios may have to be explored for a given function to describe the behavior under different conditions and
operating modes. Each scenario examines a sequence of steps from the user’s initiating action, through each action step
taken by an identified system or person on the way to the end goal.

The scenarios should not only cover the intended operating environments and operating modes but should cover anomalous
operating conditions as well. Possible unintended behaviors would be considered for each step in a scenario. How this
unintended behavior is to be managed or protected against would be defined and may itself be another scenario. Scenarios
may also be used to agree on the functional allocation (see 4.3) as each interacting system’s behavior is described in

each step.
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The pilot starting an engine would be an example of a scenario. The main scenario would be to describe the actions that a
pilot would take to initiate a start, the subsequent actions taken by each of the cooperating systems, all the way to an engine
achieving idle. Additional scenarios may include starter assisted air starts and windmill starts. Scenarios associated with
anomalous operating conditions may begin with a pilot incorrectly initiating a start and how the cooperating systems are to
respond, as well as a possible anomaly of the engine stalling during a start. The stalled start may be covered by a scenario
that defines the steps that a system or person are to take to secure the engine start.

There are a number of methods for developing and documenting scenarios (e.g., state diagram, timeline diagrams). The
particular approach is left to the developer.
5.4.4.22 Prototyping or Modeling

Prototypes are models of the desired system that may be hardware- and/or software-based and may or may not be
development versions of the system. Prototypes permit users of a system to interact with a proposed model of the system

to uncover missing red
interaction.

How well the prototype
unintended behaviors. ]

The model should be dg
than once may be hand

Model use for requirem
interfaced to a prototyp

environment of the system being developed provides a high degree of functional coverage in exerg

or real system.

5.4.5 Validation Appr
Requirement correctne
assurance level A, leve
The objectives for level
of the process objective

Validation methods ar¢g
should describe the pla
requirement should be

Where validation proce
capture activities in 5.3
validation activities to W

uirements, behaviors of the system that should be prohibited, and poten
represents the actual system may drive the likelihood of identifying mis
[he fidelity of the prototype representation should be consideredfer its inter

veloped in a structured manner. For example, subsets of model elements W
led and represented either as a unit or as the full contents.

ents validation typically uses a model of the environment of a system be
e of a design solution for those requirements. AnJenvironment model that

pach
5s and completeness should be assured for aircraft and system functions

D would be as negotiated(and documented in the validation plan. Appendix
s for requirement validation based on FDAL.

identified and recommendations for their application are described in 5.4
hned validation.methods and the criteria for their application. Specific validg
hpplied basedion the function(s) being validated and the criteria defined in t

5s independence is recommended, this independence should be applied be
and the validation activities in 5.4. The validation plan (see 5.4.7) should inc
hiehyprocess independence is applied.

tial problems with user

sing requirements and
ded use.

hich may be used more
ng developed, which is

is representative of the
ising either a simulated

assigned development

B, or level C. In addition, validation process independence is recommended for level A and level B.

| A provides a summary

|.6. The validation plan
tion method(s) for each
he plan.

fween the requirements
ude a description of the

The most common means of achieving process independence in requirements validation is an independent review of
requirement data and supporting rationale to determine if there is sufficient evidence to argue the correctness of a
requirement and the completeness of a set of requirements. These include engineering reviews (see 5.4.6) and reviews by
customers, users, maintainers, and item developers (see 5.4.4).

Although some validation methods may not directly lend themselves to process independence (e.g., analysis, scenarios,
similarity, and requirements tracing), the outcomes of these validation method activities and their appropriateness are
reviewable and should be done with process independence where indicated by the development assurance level (see

Appendix A).
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5.4.6 Validation Methods

Several methods have been established to support validation. These methods include traceability, analysis, modeling, test,
similarity, and engineering review. Validation should consider both intended functions and unintended behaviors. Intended
function requirements validation involves evaluation against established criteria. While it is acknowledged that validation is
key in identifying and addressing unintended behaviors, strategies to investigate for unintended behaviors as part of
integration and verification are outlined in 4.6.4.

Requirement traceability and/or requirement rationale for derived requirements should be established for each requirement.
Each requirement and the set of requirements should also be subject to engineering review. Although traceability and
engineering review may be sufficient to assure requirement completeness and correctness, some requirements may need
additional validation methods to achieve this objective. For FDAL A and B requirements, an additional validation method
should be applied when traceability and/or requirement rationale for derived requirements, combined with engineering
review, are not sufficient to assure correctness and completeness. The list below provides some examples of types of
requirements where an[addifional validation method may be necessary (examples only—not a chegklist of cases).

e Complex state machine

Safety monitor definition (e.g., threshold, confirmation time, persistency)
Performance and tglerance definition

Dynamic behaviors|(e.g., oscillation frequency, latency, time delay)

Numerical values (g
are based on assur

The validation plan sh
function(s) being valida

5.4.6.1  Traceability g

Traceability is an essential element of validation‘of the aircraft, system, and item requirements. 1

trace to a parent require
Requirement traceabilit
been captured by lower

Traceability by itself m
However, where additio

.g., accuracy values, detection thresholds, response time, transitory time, m
hptions requiring an implementation to be confirmed

puld describe the extent to which the-validation methods will be applied
ed.

nd/or Rationale (Bi-DirectionalkRelationship of Requirements)
ment, and/or identify the specific design decision or data from which the requ
from both top-down-and bottom-up perspectives helps determine that all pa

level requirements and that all lower-level requirements can be traced to va

ay be sufficient to confirm that a lower-level requirement satisfies a hi
hal value has'been added through design decisions or detail, additional ratior

This rationale should

requirements may introduce.bé&haviors or characteristics beyond those specified in higher-level requ
requirements should haverationale to document their validity and their functional and safety impac

ocument>how the lower-level requirement(s) satisfy the parent requiren

in/max boundaries) that

based on the specific

[he requirement should
rement was developed.
rent requirements have
id parent requirements.

pher-level requirement.
ale should be captured.
hent. Some lower-level
rements. These derived
should be evaluated at

relevant higher levels (see5:3-3)-

Untraced requirements

e Unnecessary and s

should be reviewed to determine whether they are:

Derived as part of the development process (see 5.3.1)
Developed from a missing parent requirement that may be added

Associated with assumptions that need to be managed (see 5.4.2)

hould be deleted
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54.6.2 Analysis

A wide range of analysis methods and techniques may be used to determine requirements acceptability. Several methods
specific to safety analysis are described in ARP4761A/ED-135. Early discussion with Certification Authorities on the
acceptability of the FHA and PASA/PSSAs will assist in the validation of the safety requirements.

5.4.6.3 Modeling
Models of systems/item

546.4 Test

s may be used to validate the requirements.

Special tests, simulations, or demonstrations may be used to validate requirements. These activities may occur at any time
during development based on when mock-ups, prototypes, simulations, or actual hardware and software may be available.

Care should be exercisé

installation environment.

Iltem verification tests m
5.4.6.5 Similarity

This method allows va

bd to ensure any simulation is sufficiently representative of the actual syster

ay also be used to support validation of the requirements derived to«design

idation of a requirement by comparison to the requirements of similar cq

similarity argument gaifs strength as the period of experience with the system’ increases. Argum

not be used until there
either:

e The two systems/i
environment with si

e The two systemsl/ite

5.4.6.6 Engineering

Application of persong
completeness (see 5.4,

is adequate confidence that the period of experience is satisfactory. Simi
fems have the same function and Failure* Condition Classification, and
milar usage, or

ms perform similar functions in equivalent environments.

Review

| experience throughreviews, inspections, and demonstrations can su
4) and correctness(see 5.4.3). The properly justified rationale or logic sh

collaborative review of fequirements is anreffective means of validating derived requirements in cas

similar to previous syste
verification. The review
will depend on the care

5 should be-documented including the review participants and their roles.
taken withthe review and the experience level of the reviewers.

h, its interfaces, and the

the item.

rtificated systems. The
pnts of similarity should
arity may be claimed if

operate in the same

pport determination of
puld be documented. A
es where the system is

ms within the experience of the reviewers, prior to the opportunity to test th¢ implementation during

he value of the review

5.4.7 Validation Data

5.4.7.1 Validation PI

A requirements validation plan should be in place throughout the development process. This plan should outline how the
requirements will be shown to be complete and correct and how the assumptions will be managed. The validation plan
should include, unless otherwise justified, descriptions of:

a. The methods to be used

b. The data to be gathered or generated

c. What should be recorded (such as summaries, reviews, or investigations)

d. The means for timely access to requirements validation information

e. The validation criteria (completeness and correctness checks)

f. The tracking process for validation status, including when changes are made to requirements
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g. Roles and responsibilities associated with the validation

h.

A schedule of key validation activities

i. The means of managing assumptions at the different design levels and phases of development

The process to be followed if any issues are identified during validation activities

I.  The data to be included in the validation summary

The means to be used to provide independence of the requirements definition from the validation activities

Aspects of the validation process that may also serve as part of verification should be coordinated with the verification plan.

54.7.2

A validation matrix or o
level of detail should d
should be described in
is up to the applicant, b

a. Requirement

b. Source of the requi
c. Associated function
d. Development assur
e. Validation method(s
f.  Validation supportin
g. Validation conclusic
5.4.7.3 Validation Su

The validation summar
include:

a. Areference to the v

Validation TrT

cking
her adequate approach is desirable to track the status of the requirements
epend upon the development assurance level of the function addressed

he validation plan. The final data should be included in the validation summ
Ut it may contain:

ement

(s)

ance level

) applied

g evidence reference(s)
n (valid/not valid)
mmary

y should provide assurance that the requirements were properly validateg

alidation plan and a description of any significant deviations from the plan

\validation process. The
by the requirement and
ary. The specific format

. The summary should

b. The validation matr
c. ldentification of sup

5.5

x{See 54-7-2)

porting data or data sources (see 5.4.7.2)

Implementation Verification

The purpose of verification is to ascertain that each level of the implementation meets its specified requirements.

The verification process ensures that the system implementation satisfies the validated requirements. Verification consists
of inspections, reviews, analyses, tests, and service experience applied in accordance with a verification plan. These
activities are described in the following sub-sections.
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5.5.1

Verification Process Objectives

The verification process:

a. Confirms that the in

tended functions have been correctly implemented.

b. Confirms that the requirements have been satisfied (e.g., have we built the aircraft right?).

C.

5.5.2 Verification Process

Ensures that the conclusions drawn from the safety analysis are correct for the system as implemented.

Figure 9 shows an overview of a generic process diagram for verification at each level of system implementation.

The verification process

a. Planning: Includes
required informatio
hardware or softwa

b. Methods: Includes {

c. Data: Includes evid

The verification approa

The inputs to the verifig
item and a complete de

During the process of v
performance) should b
process, design implen
anomaly.

It should be mentioned
appear repeatedly durin

is composed of three distinct elements described as follows:
blanning for the resources required, the sequence of activities, the data’to b
h, selection of specific activities and assessment criteria, and generation
e (see 5.5.4)

he activity in which the verification methods are employed (see 5.5.5)
bnce of the results developed in the process (see 5.5.6)

th is determined by the FDAL(s) for the aircraft ot system function(s) (see 5

ation process include the set of documented requirements for the implems
scription of the system or item to be verified.

prifying intended functions, any anomalies recognized (such as an unintend
e reported so that they can be reviewed and dispositioned (see 4.6.4). C
entation process or requirement definition process may be warranted to id

that verification is a.process which, due to the iterative nature of the dev
g the design progess’(see Figure 5).

e produced, collation of
of verification-specific

L5.3).

nted aircraft, system or

ed behavior or incorrect
hecking the verification
entify the source of the

elopment process, may
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The implementation sk
development assuranc
recommended for all I
negotiated and docume

based on FDAL.

Verification methods a

Figure 9 - Verification process
roach
ould be verified. to confirm that the requirements for aircraft and syst
b level A, levelB, or level C are satisfied. In addition, verification prd

vel A requirements, and for level B safety requirements. The objectives f
hted in the.verification plan. Appendix A provides a summary of the process d

re~identified and recommendations for their application are described in

em functions assigned
cess independence is
or level D would be as
bjectives for verification

5.5.5. The verification

methods and procedures should ensure the implementation of each requirement is fully verified. The verification plan should
describe the extent to which the verification methods will be applied based on the specific function(s) being verified.

Where the application of independence in the verification process is recommended within this section, this independence
should be applied between the implementation and the verification activities described in 4.6 and 5.5, respectively. The
most common means of achieving independence in verification is independent development of the verification methods and
procedures described in 5.5.5 (e.g., individuals or groups not involved in the aircraft or system design generate the
verification methods). The verification plan (see 5.5.4) should include a description of the verification activities to which
independence will be applied.
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5.5.4  Verification Planning

The purpose of this phase is to define the processes and criteria to be applied when showing how the implementation
satisfies its requirements. The following activities should be performed during the planning phase:

a. ldentification of the roles and responsibilities associated with conducting the verification activities and a description of
independence between design and verification activities

b. Identification of the system or item configuration, including the definition of any special test equipment, facilities, and
any special hardware or software features to be verified

c. Definition of the specific verification methods to be employed to confirm that the implementation satisfies each
requirement, taking into account the development assurance level

d. Definition of the criteria to be used to assess the evidence resulting from each verification methed applied (i.e., success
criteria)

e. Definition of the mejans for ensuring that the verification methods and procedures can fully verify the implementation of
the requirements

f. Identification of sysfem verification credit taken from other levels including hardware or softwarg verification activities
g. Identification of key|verification activities and sequence of any dependent activities
h. Identification of verification data

i. Description of the vrification environment(s) that will be used

5.5.5 Verification Methods

The purpose of these agtivities is to verify that the implementation satisfies its requirements, including the intended operating
environment. Four basi¢ methods may be employed.insthe verification of the aircraft and any systemm or item:

a. Inspection/review
b. Analysis

c. Testing or demonstration

d. Similarity/service experience

Each of these methods|is’discussed in the following sub-sections.

Appropriate verification method(s) should be selected to ensure the implementation of each requirement is fully verified.
The preferred verification method for requirements is by test, wherever practical. Other method(s) may be used to augment
the test, or instead of test, where necessary or applicable.

5.5.5.1 Inspection/Review

Inspection/review consists of visual examinations of process documents, drawings, hardware, or software to verify that
requirements have been satisfied. Generally, a checklist or similar aid is used. Inspection that the system or item meets
established physical implementation and workmanship is a typical type of inspection/review.

5.5.5.2 Analysis

An analysis provides evidence that the implementation satisfies the requirements by performing a detailed examination
(e.g., functionality, performance, safety) of a system or item. Evaluations of how the system or item is expected to perform
in normal and non-normal conditions should be included. Analysis methods include, but are not limited to, those described
in the following sub-sections.
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5.5.5.2.1 Modeling

Modeling of complex systems typically consists of a combination of computation and test; however, modeling deterministic
systems behavior may also be entirely computational. Modeling may be used for system parameter evaluation, to provide
early system information, or other purposes.

5.5.5.2.2 Coverage Analysis

Coverage analysis is performed to determine the degree to which the requirements are addressed throughout the
development and verification activities. This is typically implemented using some form of traceability.

5.5.5.3 Testing or Demonstration
Testing provides repeatable evidence of correctness by exercising a system or item to verify that the requirements are

satisfied. Test readineslf reviews establish the applicability of the test procedures to system or item requirements. Testing
has the following two olpjectives:

a. To demonstrate that the system or item implementation performs its intended functions. Testing an intended function
involves evaluation|against objective pass/fail criteria established by the requirements.

b. To provide confidence that the implemented system does not exhibit unintended.behavior (i.e., gehavior not consciously
part of the design)|that impacts safety. This is accomplished by looking~fér system behavigr beyond the expected
behavior specified |by the requirements set being tested. It should be neted that complete pbsence of unintended
behavior may not always be attainable due to high degrees of complexity, but devices that employ simple logic gates
and/or logic may hgve failure combinations that are fully identifiable<and analyzable/testable.

Tests are performed op all or part of the physical system or item>or an appropriate validated npodel using procedures

documented in sufficiert detail so that a second party could reproduce the test results. Problems uncovered during testing

should be reported, corfective action tracked, and the modified*system(s) and/or item(s) retested.

For each test procedurg or group of test procedures, the foellowing should be specified:

a. The purpose or ratipnale for the test(s)

b. The requirements govered by the test(s)

c. Required input varigbility, considered-in setting the test criteria

d. Actions required and, if actions\are time/sequence dependent, define the action order

e. Expected results and thefolerances associated with those results

Test result data should eertain-the-following:

a. The version of the test specification used

b. The version of the system or item being tested

c. The version or reference standard for tools and equipment used, together with applicable calibration data
d. The results of each test including a PASS or FAIL declaration

e. The discrepancy between expected and actual results

f. A statement of success of or deficiency in the testing process including its relationship to the verification program
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es

Functionality may be provided in a system test facility which will improve the probability of detecting incorrect or unintended

service, using representations of user control inputs.

behavior in terms of the high-level requirements.

system under test is made plainly visible in terms of high-level parameters.

The hardware and software under test are present in the facility and are representative software and hardware.

A model of the environment may be used to set inputs to the system under test in a way that is representative of actual

A model of the environment may receive the outputs of the system under test and calculate and present the system

5.5.5.3.1 Test Faciliti
behavior:

a.

b.

C.

d. The behavior of the
e. The high-level man
f.  Significant events,

annunciated and lo

Provision of this functio
and interpret the results
5.5.5.4  Similarity/Ser
Verification credit may
experience on other air

use documented experi
unresolved in these ins

5.5.6 Verification Dat

The purpose of verification data is to provide evidence that the verification process was conducted

required for complianc
maintain a verification n

Requirements for softw
254/ED-80. A summary
which it is embedded.

5.5.6.1  Verification P

Lial inputs are made repeatable to facilitate regression testing.

such as failure or warning messages, and deficiencies against_the high
jged.

hality allows developmental testing for risk reduction using‘the models to g
with a very high productivity, and a manageable meansto‘detect and record

vice Experience
be derived from design and installation similarity appraisals and evidencs
raft using the same or other systems that are similar in their relevant attribu
ence along with engineering and operational judgment to establish that no si
allations. See 6.4.1 for additional information regarding the use of service H
2]
b substantiation as agreed with Certification Authorities (see 3.3). A rea
natrix during development and to produce a verification summary report.

are verification.are included in DO-178C/ED-12C and for electronic hard

of software-and hardware verification should be included in the verificatig

lan

level requirements are

enerate the test results
ANy unexpected results.

of satisfactory service
es. This method should
pnificant failures remain
istory.

. This evidence may be
sonable approach is to

vare verification in DO-
n data of the system in

cifablichac tha
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entation satisfy their

The verification plan

requirements. The verification plan should include, unless otherwise justified, descriptions of:

a. Roles and responsi

b. A description of the

c.
d. Verification data to
e. Sequence of depen
f.

bilities associated with conducting the verification activities

degree of independence of the design and verification activities

Application of verification method(s)

be produced

dent activities

A schedule of key verification activities
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g.
activities

h.

Description of the verification environments that will be used

Identification of system verification credit taken from other levels, including item (hardware or software) verification

Some aspects of the verification process may also support validation of specific requirements and should be coordinated

with the validation plan.

5.5.6.2 Verification P

rocedures and Results

Data describing the verification procedures and the results achieved provides the evidence necessary to establish the
appropriateness of the verification effort.

5.5.6.3

Verification Tracking

A verification matrix or
The level of detail of th
The specific format is u
a. Requirement

b. Associated function
c. Verification method
d. Verification procedy
e. Verification conclus
5.5.6.4 Verification S

The verification summa
satisfies its requiremen

bn equivalent tracking document should be produced to track the status\of
s matrix should depend on the development assurance level of theisysten
b to the applicant, but it may contain:

s) applied

re and results reference(s) (including verification results from other levels 3
jon (i.e., pass or fail, verification coverage summary)

ummary

Iy provides visibility for the evidence used to show that the aircraft, system,
s. The summary should include:

erification plan and.a description of any significant deviations from the plan

The FDAL(s) assiged to the function(s)

rix as described in 5.5.6.3

portingdata or data sources (see 5.6 for supporting data criteria)

he verification process.
h or item being verified.

s applicable)

or item implementation

a. Areference to the v

b.

c. The verification ma

d. Identification of sup

e. Verification coveragesummary

5.6 Configuration Ma

nagement (CM)

This section discusses the objectives and activities of the system configuration management process. It is applicable to the
configuration items described in 5.6.1. Figure 10 presents an overall configuration management process.

The existence of an independent entity or organization to perform the configuration management activities should not be
inferred by the title or content of this section.

Data and records need

a.

to meet the following criteria if they are to be used to support certification:

The data and records should be retrievable for later reference.

b. The source of the data generated, such as by analysis or test, and the methods used, should be sufficiently controlled
so as to allow regeneration of the same or similar data.
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This provides archived evidence for future enhancements, problem resolution, and review by Certifi
5.6.1 Configuration Management Process Objectives
The objectives of the configuration management process are to provide:
a. ldentification of configuration items, which include:
1. Plans

2. Life cycle data and records generated by the execution of plans (e.g., requirements,
implementation data)

3. Applicable certification data as agreed with Certification Authorities (see 3.3)

4. Facilities, tools| and any other data, where configuration is essential to accomplishing+g
activities

cation Authorities.

validation, verification,

evelopment assurance

5. Any other datg that uniquely identifies the system and/or item versions during development, production, and

operation
b. Technical and adm|nistrative control by:

1. Identifying modjfication status and change control of a system configuration in relation to a

configuration baseline

2. Providing contrpls to ensure that:
i. Changes are recorded, approved, and implemented
ii. Identified problems, current status, and, if applicable, their resolution are recorded

c. Assurance that archiving, recovery, and controlare maintained for relevant system data

Configuration management is both a system development and a certification activity. A configuration baseline should be

established at the timeg in the system development process where requirements validation or img

lementation verification

activities are initiated. A history of changes-between configuration baselines is a necessary element of the development

assurance process.
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NEW DESIGNS

DESIGN
DERIVATIVES

5.

NSNS

CONFIGURATION MANAGEMENT PLAN

5.6.2.1

CONFIGURATION
IDENTIFICATION &
BASELINE
ESTABLISHMENT

5.6.2.2/5.6.2.3

< CHANGE CONTROL & PROBLEM REPORTING

INTERIM
CONFIGURATIONS

5.6.2.4 >

@}NGE CONTROL & PROBLEM R

DESIGN

EPORT[IN>

ARCHIVE AND RETRIEVAL

ARCHIVE
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6.2 Configuration Management Process Activities

The configuration management process shown in Figure 10 includes:

a.

b.

Configuration management plan
Configuration identification

Baseline establishment

Change control and problem reporting

Archiving and retrieval activities

> 5.6.2.5
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Continuity of these activities significantly enhances their effectiveness and the credibility of the overall configuration
management process. For certification purposes, evidence of a continuous configuration management process may include,
but is not limited to, historical records or successive reports from these activities.

5.6.2.1 Configuration Management Plan

The configuration management plan establishes the methods to be used for the configuration management process
throughout the system development life cycle. The plan should include a description of the configuration management

environment, including procedures, tools, methods, standards, organizational responsibilities, and interfaces. A description
of the activities presented in 5.6.2.2 through 5.6.2.5 should also be included, unless otherwise justified.

5.6.2.2 Configuration Identification

Configuration identification unambiguously and uniquely labels each configuration item to establish control and reference.

The set of Configuratiorl Items should be recorded as part of the archiving and retrieval activity!

5.6.2.3 Configuration

Configuration baseline
Guidelines include:

a. Abaseline should b
b. Once a baseline is
c. Change control act
d. Each new baseline

The design completion
The configuration basel
5.6.2.4 Change Cont

The change control ang

Baseline Establishment

establishment activity creates and maintains control of and 4raceability

e established for configuration items used for requirefents validation or imp
bstablished it should be archived, protected, and.subject to change control
vity should be followed when developing a hew baseline from an establishe
should be traceable to the previous baseline.

configuration in Figure 10 is typically that configuration used for entry into
ne should be captured as part.of a configuration index (see 5.6.3).

rol and Problem Reporting

problem reporting processes record changes or issues identified during re|

and records their resol

are significant in the dejelopment assurance process:

Means should be egtablished.to document changes and the resolution of problems.

tions. The following guidelines highlight the aspects of change control ang

uldf ensure that any change to a system/item is appropriately identifi

pf Configuration Items.

ementation verification.
procedures.

d baseline.

service or certification.

view, testing, or service
problem reporting that

bd by a change to its

a.
b. Change control s
configuration identifieation:
C.
associated with the
d.
e.

system/item.

Change control should protect against unauthorized change of a system/item.

on safety or operational limitations.

Change control should ensure that changes to a system/item require applicable changes to the documentation

Problem reports to remain open at the time of certification should be reviewed to determine whether they have an impact
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5.6.2.5 Archive and Retrieval

Archive and retrieval activity ensures that the configuration items can be retrieved. Data retention procedures should be
established to satisfy certification requirements. The following guidelines are provided:

a. Data associated with the system or item should be retrievable from a controlled source (for example, the organization
or company that developed the system).

b. Procedures should be established to ensure the stored data is not corrupted for as long as may be required. These
procedures should include:

1. Ensuring that no unauthorized changes can be made.

2. Selecting storage media that minimize regeneration errors or deterioration.

3. Exercising andfor refreshing archived data at a frequency compatible with the storage life-gf the medium.

4. Storing duplicafe copies in physically separate archives that minimize the risk of loss'in thel event of a disaster.
5.6.3 Configuration Management Data
The data defined in this| section is the typical output of the configuration management processes.
5.6.3.1  Configuration| Index
The configuration index|is used to identify all of the configuration items‘that together document the §ystem as implemented.
This includes both systgm and item artifacts, as well as identificationof procedures and limitations that are integral to system
safety.
A system configuration jndex should include, unless otherwise justified, the following information:

a. Plans

b. Life cycle data and records generated, by the execution of plans (e.g., requirements, |validation, verification,
implementation datg)

c. Associated item copfiguration identification (hardware/software)
d. Required interfaceq with othersystems (e.g., Interface Control Document)

e. Safety-related operptional.or maintenance procedures and limitations

f.  Permissible interCthgcabi“ty Of illtclllli)\dlui“ty ofattermate cquiplllcl thitermswithimthe systenT, when applicable
5.6.4 System Control Categories

The development life cycle data of a configuration item can be assigned one of two categories: System Control category 1
(SC1) or System Control category 2 (SC2). Appendix A identifies System Control categories for each type of development
life cycle data based on FDAL.

Table 3 identifies the configuration management process activities applicable to the two System Control categories. An “X”
in a Table 3 SC1 or SC2 column indicates the configuration management process activities that apply to the System Control
category. All configuration management process activities defined in 5.6.2 apply to SC1 development life cycle data. Only
a subset of configuration management process activities applies to SC2 development life cycle data.
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Table 3 - CM process activities applicable to System Control categories

CM Process Activity Section Reference SC1 SC2
Configuration Identification 5.6.2.2 X X
Configuration Baseline(s) Establishment 5.6.2.3 X
Problem Reporting 5.6.2.4 (a)(e) X
Change Control—Tracking 5.6.2.4 (b)(c) X
Change Control—Protection 5.6.2.4 (d) X X
Archive and Retrieval 5.6.2.5 X X

5.7 Process Assurance

This section describes the activities that ensure that the development assurance activities are maintained and followed. The
process assurance activities described are not intended to imply or impose specific organizational structures or

responsibilities. Howeveér, process assurance should have a level of independence from the develg

I;GS

5.7.1 Process Objec
The objectives of the pr

To ensure the ned
development.

a.

b. To ensure developr
5.7.2 Process Assura

The Process Assurancs
development are follow

ocess assurance activities are:

essary plans are developed and then maintained for all~aspects of airg

nce Plan

Plan describes the means to assure thatthe practices and procedures to b
bd. The following issues should be considered when producing the Process
stem, or item.

ions, coordination andisequencing, and progress monitoring mechanisms &
operational and maintenance procedures are defined.

vide sufficient.opportunities to detect any development errors in a timely mg
on withithe Certification Authorities is planned.

plans are identified and managed (reported, approved, and documented).

hent activities and processes are conducted in accordance with those plang.

pment process.

raft, system, and item

e applied during system
Assurance Plan:

The scope and confent of the development assurance plans are consistent with the development assurance level of the

re defined.

nner.

> aircraft function, sy
b. Project communica
c. Change control ang
d. Project reviews pro
e. Sufficient coordinat|
f.  Deviations from the
g.

h.

Independence of process assurance activities from development.

Reports are generated to record Process Assurance activities and confirm adherence with plans.
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5.7.3

5.7.3.1

Process Assurance Reviews

Development Assurance Plan Reviews

The following issues should be considered when assessing the plans:

Applicable procedures and practices are documented.

Procedures for plan updates due to process, schedule, or technical changes are defined.

Plan updates are appropriately tracked and controlled.

Defined communication practices ensure the timely exchange of information between the applicable processes and

a.
b.

affected personnel.
c.
d.
5.7.3.2 Activity, Data

Process assurance revi
The following issues sh
a. Approved plan acti
b. Datais correct and

c. Plan deviations are

d. Data and report updlates are appropriately tracked and controlled.

5.7.4 Process Assurd

Evidence of adherence

a. Dated and approve
b. Reports, metrics, a
c. Actual data develog
d. Confirmation (e.g.,

6. MODIFICATIONS 1

and Report Reviews

ews are an assessment of the development assurance activities, their relat
buld be considered when assessing the data and reports:

ities are executed.

complete in accordance with approved plan.

managed.

nce Data
with the plans may include:
d plans

nd summaries of reviews, as required by the plans

completed checklists and meeting minutes) of timely process assurance rey

[@-AIRCRAFT OR SYSTEMS

bd data, and reports.

ed from design, verification, validation, configuration management, and safety activities

iews

The objective of this section is to describe how the guidelines in this document could be applied when making a modification

to an aircraft, system, e

quipment, or item or when reusing a system, equipment, or item.

One of the goals of the development and safety assessment processes is to maintain, or improve on, the existing safety
level provided by the original certification basis. The term “modification/reuse” in this section is taken to mean either:

e The introduction of

a system, equipment, or item in an existing application,

The change to a system, equipment, or item in an existing application, or

The introduction of an existing system, equipment, or item in a new aircraft application; new application may include an

updated certification basis, new use of existing equipment, or new operational context or environment.
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Thus, a modification/reuse needs to be controlled in such a way that all the effects of a modification/reuse are known, fully
understood, validated, and verified. A modification/reuse to an aircraft, system, equipment, or item may be undertaken for
a number of reasons, ranging from adding new functionality to responding to a required corrective action (including piece-
part or system obsolescence). The modification/reuse process should be a consideration in the development assurance
plan and safety program plan. The modification processes described in this section are applicable to any kind of
modifications (design changes to Type Certificate (TC)/Amended Type Certificate (ATC), Supplemental Type Certificate
(STC), Amended Supplemental Type Certificate (ASTC), or Technical Standard Order (TSO)/European Technical Standard
Order (ETSO)) and covers re-use cases. All modifications/reuses should be assessed for aircraft-level and systems-level
effects and captured in a modification impact analysis. When developing a new aircraft, system, equipment, or item, it is
common to evaluate previous designs and, wherever practical, re-use part or all of those previous designs. The entirety of
these re-used functions can include: those parts that have been modified, those parts that are unchanged from their previous
application that are intended to be used in the new application, and those parts that are unchanged from their previous
application but not intended to be used in this application; each needs to be assessed for aircraft-level and system-level
effects.

6.1 Modification/Reuse Process Overview

The applicant proposeq a method or means of compliance that defines how it will be shown that|the reused or modified
aircraft, system, equipent, or item satisfies the certification basis, which may have.changed| from the original type
certification. It is necegsary to ensure that the proposed means of showing compliance is compatible with the agreed
certification basis. This pection provides the scope of application of the established@ystem or item fevelopment processes
in Sections 4 and 5 of this document. The modification process may include:

certification procesp (i.e., certification planning), including determining a certification basis |for the project. (When
changing an existing or introducing a new aircraft, system, equipment, or item modification, th¢ potential effects in the
certification basis should be assessed and classified as either “Minor” or “Major,” as defined in 14 CFR/IR Part 21/EASA
Part 21. Approval of the modification classification should betabtained from the relevant Certifigation Authority.)

a. Develop and coordjnate a modification management process. This includes crafting a strater and approach to the

b. Conduct and docyment a modification impact analysis; this should include an analysis for the reused system,
equipment, or item [to ensure that the safety implications are addressed for all functions within the system, equipment,
or item (whether or|not they are used) (see 6.3).
c. Perform the approved modification process.

d. Integrate the reusefl system, equipmeht, or item, or the modification into the aircraft, system, pquipment, and item as
required.

e. Provide a summary| of the modification management process outputs established by the modification impact analysis;
see 4.7 for a summry of theprocess outputs.

f.  Maintain configuratjon control of data (see 5.6).

6.2 Modification Management Process

The modification management process provides a structured means to control and co-ordinate the design. The process
documentation should include:

a. Description of the proposed modification or reused system, equipment, or item

b. Results of an initial modification impact analysis

c. The proposed implementation strategy (such as activities as defined in Table 5)

d. Implementation and integration of the modification using the agreed implementation strategy
e. Results of verification activities on the implemented modification

f.  The final modification accomplishment summary activities
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g. Updates to the aircraft configuration management data on any modified system, equipment, or item

6.3 Modification Impact Analysis

When a modification is proposed to an aircraft, system, equipment, or item, an impact analysis should be performed and
should include an evaluation of the impact of the modification on the original development assurance activities and safety
assessments. For instance, if an aircraft-level modification is proposed, the assumptions made for the architectural forms
used, the development assurance level allocations and its installation should be reviewed. The following are examples of

areas that could adversely affect aircraft safety or operation:

e Safety-related information is changed. For example:

(0]

o

o

o

e Operational or procedural characteristics are changed. For example:

o

O

o

Figure 11 provides a high-level overview of-the'modification impact analysis.

Failure Condition classification(s) changed or added

Development agsurance level
Design assumpgtions

Validation and/pr verification methods or procedures are changed

Validity of the gnvironmental qualification test results is affected
Aircraft operati¢nal or airworthiness characteristics

Flight crew pro¢edures

Increased pilot workload

Situational awafeness, warnings, cautions, or-advisories

Displayed inforpation to make flight decisions

Page 69 of 172

1 2 3
Identify changes to Identify change Identify necespary
airclaft, system(s), category — New, Developmeft
equipment, and/or Modified, Affecied, = AsSsurance activities,
item(s) Unmaodified/Unaffected per change category

I ! I

Coordinate with the Certification Authority (Refer to Section 3.3)

Figure 11 - Modification impact analysis
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The design activities effort aimed at developing an acceptable implementation of a modification is an iterative process. The
initial impact analysis may have to be revisited a number of times before the final version of the impact analysis can be
produced.

Step #1: The first step is to identify the changes intended by the project. Changes can include any combination of the
changes to the aircraft, system(s), equipment, or item(s). Identify the certification basis and the applicable policies and
guidance materials to initiate the plan for development assurance, taking into account the applicable Function Development
Assurance Level(s) (FDAL(s)) and Item Development Assurance Level(s) (IDAL(s)). Coordinate with the Certification
Authority to ensure an acceptable certification path (see 3.3).

Step #2: The second step is the determination of the change category as part of the modification/reuse impact analysis.
The change category is used to determine how the integral processes are to be applied to each function under evaluation.
Table 4 provides an example of change category assignment.

NOTE: A function or injplementation change may have a different change category applied for eath portion of the aircraft
or system. Forl example, the changed function or implementation could be classified’[as modified, while the
interfacing funcfions or implementations could be classified as affected. Alternatively,\Ghe ghange category may be
applied for the gomplete aircraft or system.

Table 4 - Example Change Category assignment

Change Description Change Category
Fumction Implementation (see Table 5)
The implementation may-have changed, for
example, to:

- Resolve obsolescence of non-complex hardware
items.

- Correcta deficiency that may have been
identified pre- or post-certification, that results in | Unmodified and
fhe-implementation performing the original Unaffected
intended function (e.g., implement a problem
report or resolve a nuisance trip).

Function is completely upmodified and unaffected.

It does not include the replacement of complex
hardware items or the substitution of equipment
with a different design that achieves the same
function.

No change to function, hpwever it is-affected by
related new or modified functions causing inputs to Interfacing system or installation environment has
be changed when functignal outputs are changed.

unchanged.
A modification of an aircfaft’or system function such
that the functional output under normal and/or
abnormal operating conditions (e.g., performance or
operation) is changed.

Affected

Replacement of complex - hardware items-and-the
Ll L

substitution of item with a different design that Modified
achieves the same function.

Reuse of equipment from a different aircraft model.

A new function is introduced to the aircraft. Reallocation of a function to different New

system/equipment.

NOTE: The change category should be determined, regardless of the type of modification, including re-use. The change
category should also consider the impact of the change on the function (e.g., calculate airspeed) and the functional
interfaces (e.g., static pressure, total air temperature).

Step #3: The last step is to determine the extent of development assurance process to be applied starting with the safety
assessment guidelines defined in 5.1, including the determination of the associated Failure Condition Classifications.
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Table 5 identifies the development assurance activities for the integral processes that may be used for the change
categories of Modified, Affected or Unmodified/Unaffected given in Table 4. For the change category of New, the process
as defined in Section 4 should be applied. The activities to be undertaken should be agreed with the relevant Certification
Authorities, taking into account how the aircraft or system was previously certificated. If necessary, these activities may be
documented in a Development Assurance Plan.

The assurance activities include:

e Requirements management

e Safety assessment process

e Requirements validation

¢ Implementation verffication
e Configuration mangdgement
e Process assurance

For Certification Author|ty coordination, see 3.3.
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Table 5 - Development Assurance activities per Change Category

Development
Assurance
Activity

Change Category

Modified

Affected

Unmodified/Unaffected

Requirements

The function’s entire set of
requirements, including interface
requirements, is to be
documented. Make a distinction

The function’s entire set of
requirements, including interface
requirements, is to be
documented. Make a distinction
between the portions in this

No changes are required other
than documentation corrections,
provided a previous specification

ARP4761A/ED-135.

guidelines of ARP4761A/ED-135.

Management between the modified and function that are affected by a describes the function so that it
i . o . ’ can be confirmed that it is
unmodified/unaffected portions of new/modified function relative to o
: . unmodified and unaffected.
the function. the unchanged portion of the
function.
Reassess FDAL/IDAL assignments
10 ensure they are appropriate for
the implementations. Ensure any
legacy’FDAL/IDAL allocations
Safet Safety analyses updated as Reassess safety analyses and support anfy FDAL allocated to the
Assegsment negessary to reflect as-built design | update as necessary to reflect unmodified and unaffected function
Process follpwing the guidelines of as-built design following the in the changed implementation.

Reassess [safety assessments to
ensure that each safety analysis
reflects thg system and aircraft
implementption and remains valid.

Requirements
Validation

Regssess the entire set of
requirements for the function to
determine it is complete and
correct with the modified
requirements, taking into account
applicable service history. Ensure
the| parent requirements fulfilled by
the|modified function are still
sat|sfied (all of the siblings of the
mofified requirement are still
appropriate).

Reassess the portion of the set of
requirements which are affected to
confirm, it is complete and correct
wheén considering the new/modified
function or implementation.

Reassess o confirm the

unmodified and unaffected function
is not affe¢ted by new/modified
functions gdded to the system.

Reassess o confirm the function is
unmodified and unaffected by the
new implementation.

Implementation

Identify the degree of verifieation
negded:

- For unchanged:requirements,
pssess existing-verification data
and identify any need for
verificationtactivities.

Reassess existing verification data
for the function for impacts due to
the new/modified functional input
or implementation:

- Identify the degree of

Identify the degree of verification
needed:

- Identify|the degree of
regresgion verification needed

Document evidence.

Verification - /modified . ¢ regression verification needed by assgssing existing
) lor newAmoJl Ied requirements, by assessing existing verificalion data.
! Al arra 'JUI.IUIIII . ] Veriﬁcation data.
implementation verification
e - Plan and perform any
activities. P N
- Plan and perform any necessary verification activities.
. necessary verification activities.
Assess the need for regression
testing.
Identify the modification definition and confirm it is appropriately documented.
ﬁ;ﬁg%:ﬁgm Review changes to the function preceding this modification. Assess any Open Problem Reports (OPRs) to
identify if they cause the function to be changed or the documentation or process to be corrected. Capture the
set of OPRs to be addressed as part of the change and justify those not addressed.
Confirm modification activities’ adherence to the modification plan.
Process
Assurance

Plans should be developed, as needed, to capture the required processes.
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6.4 Reuse of Evidence from Previous Certification Process

If credit is sought for development assurance activities performed on a system, equipment, or item from a previously
certificated “baseline,” the proposed system, equipment, or item and its certification data should be traceable to that baseline
and confirmed to be appropriate to the new application. In some cases, such evidence may not be adequate and would
need to be supplemented.

To supplement existing

certification data, the applicant may:

Evaluate the data available from the previous certification to determine which development assurance objectives are

satisfied for the new application and which objectives require additional consideration; this activity forms part of the

a.
modification impact
b.
development assur
c. Use service history
d. Specify the strategy
6.4.1  Use of Service

Service history may be
history to be applicable
the use of all functions
completed. This methg
systems, equipment, o
increases. Arguments

understood and resolve

Considerations for the U

analysis.

Use reverse engineering, where all assumptions can be verified, to develop certification data necessary to satisfy the

hnce objectives for the new application.

in accordance with the guidelines in 6.4.1 to satisfy the development assur
for development assurance activities.

History

used to support certification of a new/modified system, ‘€quipment, or item
An assessment of both the changes to the referenced item in its original s
ithin the referenced item in the new/modified syistem configuration should
I items. The similarity argument gains strength as the applicable period
bf similarity should not be used until any significant problems experience
d.

se of service history include:

d propose how service history will be used and what credit is being sought f
xperience available and a description of how the service data will be analy3

d conduct an analysis to determine the extent to which the service history
w that:

ing procedures during the period of applicable service history were g
s-section of in-service problems.

refefenced system, equipment, or item during the service history period diq

bnce objectives.

f an analysis shows the
stem configuration and
have been successfully

d may be used to verify a requirement by cemparison to the requirements of similar in-service

of service experience
H in service have been

pr certification (e.g., the
ed).
is applicable. Such an

ufficient to provide an

not materially alter the

Actual usage of the referenced system, equipment, or item during the service history period was consistent with the

intended usage for the new or modified system, equipment, or item; if the operational environments of the existing
and proposed applications differ, additional validation and verification activities related to the differences should be

a. The applicant shou
amount of service €
b. The applicant shou
analysis should sha
1. Problem repor
appropriate cro
2. Changes to th
safety or perfor
3.
conducted.
C.

The applicant should analyze any reported safety-related problems, together with their causes and corrective actions,

and establish whether or not they are relevant to the proposed system, equipment, or item, modification, or application.
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7.3 Revision Indicator

A change bar (]) located in the left margin is for the convenience of the user in locating areas where technical revisions, not
editorial changes, have been made to the previous revision of this document. An (R) symbol to the left of the document title
indicates a complete revision of the document, including technical revisions. Change bars and (R) are not used in original
publications, nor in documents that contain editorial changes only.

PREPARED BY SAE S-18 AIRCRAFT AND SYSTEM DEVELOPMENT AND SAFETY ASSESSMENT COMMITTEE
AND EUROCAE WORKING GROUP WG-63, COMPLEX AIRCRAFT SYSTEMS
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APPENDIX A - PROCESS OBJECTIVES DATA

NOTE: The main body of ARP4754B/ED-79B describes the context for the information provided in this appendix. This
appendix should be used in conjunction with the main body of this document.

This appendix outlines the aircraft/system life cycle process objectives and data outputs described in this document.
Table A1 provides the details by Function Development Assurance Level (FDAL), which should be assigned according to
the guidelines in 5.2. Activities of 5.2 are not included in Table A1, since the 5.2 activities are used to identify applicability
and rigor for the other activities. The scope and detail of the life cycle data varies depending on the assigned development
assurance levels.

Table A1 includes:

a. The process objectives applicable for each development assurance level (5.2):

1. R*- Recommerl\ded for certification with process independence.
2. R - Recommenfed for certification.

3. A - As negotiated for certification.

4. N - Not required for certification.

b. Reference to the section where the system life cycle objective is described; references are only [to the third level section
heading to provide fontext.

c. Reference to the lif¢ cycle data outputs that support the objective.
d. The System Contrg| (SC) category objectives assigned tothe data by development assurance |evel (see 5.6.4).

Table A1 identifies datg content rather than data format. Life cycle data may be combined in a manner consistent with the
user’s development processes.



https://saenorm.com/api/?name=97a561e1a07c5a9ad83e78481cb2ea93

SAE INTERNATIONAL

ARP4754™B

Page 77 of 172

Table A1 - Process objectives, outputs, and System Control category

Objective Applicability and System Control Category
Independence by FDAL for Outputs by FDAL
Objective (see 5.2) (see 5.6.4)
Objective
Number Objective Description ection A B c B E Outpt A B (o3 D E Comments
1.0 Development Assurance Planning
33 R R R R R Certlfllcatl_on Authority
coordination
3.2 R R R R N Blea\:]elopment Assurance ® o o o
System development and 5.1.7 R | R | R | R | N [ SafetyProgram Plan @ | @f @ | @
11 integral processes activites |15 /2 "R 'R | R | A | N | Validation Plan @ |o| @ | @
are defined.
5.5.6 R R R A N | Verification Plan @ @ @ @
562 | R | R | R | R | N |Configuration o | of @ | @
Management Plan
5.7.2 R R R R N | Proecess’Assurance Plan @ @ @ @
Transition criteria and inter-
1.2 relationship among 3.2.2 R R R A N . |cPlans in objective no. 1.1 @ @ @ @
processes are defined.

R* - Recommended for certification with proces|

5 independence, R - Recommendedforcertification, A - As negotiated for certificatipn, N - Not required for certification.
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Objective Applicability and
Independence by FDAL

System Control Category
for Outputs by FDAL

Objective (see 5.2) (see 5.6.4)
Objective
Number Objective Description Section A B C D E Output A B (o3 D E Comments
2.0 Aircraft and System Development Process and Requirements Capture

Aircraft-level functions, List o_T aircrait-level o) o o o o

21 functional requirements, 4.2 R R R R N functions

) functional interfaces, and 5.3 Aircraft-level ® o o o)

assumptions are defined. requirements
Aircraft functions are Aircraft architecture data

2.2 allocated to systems based 4.3 R R R R N Aircraft function @ @ @ @
on the aircraft architecture. allocations Requirements capture
System requirements, 4.4 . process presented in 5.3

23 system interfaces, and 53 R R R R N | System requirements ® O @ @ is included in this
assumptions are defined. == development process.
Traceability and/or rationale

24 is captured for system 5.4.6 R R R A N | Systenyprequirements O] 0] 0] @
requirements.
System requirements are S :

. ystem architecture data

allocated to the items 4.5 .

25 based on the system 4.6 R R R R N-\| System requirement ol ol oo
architecture. allocations
Appropriate aircraft Integration affords the

26 system, and item 4.6 R R R A N | Verification Summary @ @ @ @ opportunity to |(!ent|fy
integrations are performed and address unintended

’ behaviors; see 4.6.4.

Summarize development Summary of

2.7 P 4.7 R R R A N | development assurance @ 0] 0] @
assurance process outputs.

process outputs
R* - Recommended for certification with process independerice,'R - Recommended for certification, A - As negotiated for certificatipn, N - Not required for certification.
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Objective Applicability and System Control Category
Independence by FDAL for Outputs by FDAL
Objective (see 5.2) (see 5.6.4)
Objective
Number Objective Description A B C D E Output A B (o3 D E Comments
3.0 Safety Assessment Process
Failure conditions The AFHA/SFHA
associated with the processes establish the
aircraft/svstem functions 5.1 AFHA/SFHA outputs; Failure Condition
3.1 are ident?:‘ied and their 5'1' R* refer to ARP4761A/ O] Classifications used to
. e — ED-135 assign FDAL; modulation
severity classifications are based on FDAL does not
established. apply
The AFHA/SFHA or
Safety objectives for the 511 Safety process-outputs; epggg\lfshs tSh':‘ gg?gtesses
3.2 identified failure conditions m R* refer to ARR4761A/ O] biecti dt Y
are established. 213 ED-135 ODJEClives usec to assign
FDAL; modulation based
on FDAL does not apply.
The proposed
PASAPSSA auputs
3.3 S e R* R* R A N_\Ttefer to ARP4761A/ @ @ @ @
safety objectives and 5.14 ED-135 .
relevant safety _PEYSICEIJ[' hazards
requirements. Inherentin
Aircraft-/system-level Aircraft-/system-level ;rzglrz:(?/esntsﬂfnn fﬁl;ctions
Safety Requirements, safety requirements, should bg assessed
3.4 FDAL and IDAL 5.3.2 R* R* R A N | FDAL and IDAL O] 0] 0] @ reqardless of the
assignments, and assignments, and de%/elo ment assurance
assumptions are captured. assumptions levels :ssigned to these
The aircraft/system functions.
implementation satisfies its 5.1.5 .
L 4 . ASA/SSA outputs; refer
3.5 safety objectives and 5.1.6 R R R A N to ARP4761A/ED-135 O] 0] 0] @
relevant safety 5.1.8
requirements.
R* - Recommended for certification with procesfs independence, R - Recommended for certification, A - As negotiated for certificatipn, N - Not required for certification.
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Objective Applicability and System Control Category
Independence by FDAL for Outputs by FDAL
Objective (see 5.2) (see 5.6.4)
Objective
Number Objective Description Section A B C D E Output A B (o3 D E Comments
4.0 Requirements Validation Process
Includes coordination of
interfaces between
systems and between
items.
Aircraft/system System requirements
4.1 requirements are complete 54 R* R* R A N | Validation results @) @ @ @ include those allocated
and correct. to items.
Validation affords the
opportunity to identify
and address unintended
behaviors; see 5.4.
4.2 Assumptions are managed. 5.4.2 R* R* R A N | Validation.results @ @ @ @
The functional and safety
impacts of derived 533
4.3 requirements are ﬁ R* R* R A N |- Validation results @ @ @ @
acceptable at relevant a—
higher levels.
S o Validation Summary
44 Validation substantiationis | 542 | p | p | R | A N | (including Validation o | ol o | @
provided. 5.4.7 -
Matrix)
R* - Recommended for certification with process independence, R - Recommended for certification, A - As negotiated for certificatipn, N - Not required for certification.
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Objective Applicability and
Independence by FDAL

System Control Category
for Outputs by FDAL

Objective (see 5.2) (see 5.6.4)
Objective
Number Objective Description Section A B Cc D E Output A B C D E Comments
5.0 Implementation Verification Process
Veriication procedures V) V) @ @ Sufficient verification
methods and procedures
Verification methods and " . o ensure that the
51 procedures are sufficient. 5.5 R R R A N | Evidence of verification o) ® ® ® implementation of each
procedure sufficiency requirement can be fully
verified.
Verification confirms that Verification procedures O] 0] @ @ Verification affords the
52 the |n_1plementat|on satisfies 55 R* R R A N o opportunity to |qent|fy
the aircraft and system Verification results @ @ @ @ and address unintended
requirements. behaviors; see 5.5.5.3.
Verification procedures O] 0] @ @ Safety requirement
Verification confirms that verification may also be
5.3 the implementation satisfies 5.5 R* R* R A N A%, included within the
the safety requirements. Verification results @@l @ | @ ASA/SSA outputs; see
Table A1, Objective 3.5.
Verification substantiation is Verification Matrix @ @ @ @
54 . 5.5.6 R R R A N
included. Verification Summary @ @ @ @
Assessment of deficiencies Verification Summary @ @ @ @
55 and their related impact on 5.5.6 R R R A N
safety is identified. Problem Reports @@l @ | @
R* - Recommended for certification with process independence, R - Recommended for certification, A - As negotiated for certificatipn, N - Not required for certification.
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Objective Applicability and System Control Category
Independence by FDAL for Outputs by FDAL
Objective (see 5.2) (see 5.6.4)
Objective
Number Objective Description Section A B C D E Output A B (o3 D E Comments
6.0 Configuration Management Process

6.1 Configuration items are 562 | R | R | R | A | N | CMrecords o | o @ | @
identified.
Configuration baselines are 5.6.2 ) .

6.2 established. 563 R R R A N | Configuration Index o 0] @ @
Problem reporting, change
control, change review, and Problem Reports

6.3 configuration status 562 R R R R N CM records ® ® ® ®
accounting are established.

6.4 Archive and retrieval are 562 | R | R | R | R | N | CMrecords o |of | @
established.

R* - Recommended for certification with process independence, R - Recommended for certification, A.-)As negotiated for certificatipn, N - Not required for certification.
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Objective Applicability and System Control Category
Independence by FDAL for Outputs by FDAL
Objective (see 5.2) (see 5.6.4)
Objective
Number Objective Description Section A B C D E Output A B (o3 D E Comments
7.0 Process Assurance Process
Assurance that
aircraft/system plans for Evidence of process
71 development assurance are 5.7.3 R* R* R* R N @ (@) @ @
. assurance
established and
maintained.
Development activities and
processes are conducted in 573 Evidence of process
7.2 accordance with the =5 R* R* R* R N @ @ @ @
. 5.7.4 assurance
aircraft/system plans for
development assurance.

R* - Recommended for certification with procesks independence, R - Recommended for certification, A =~As negotiated for certificatipn, N - Not required for certification.
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APPENDIX B - SAFETY PROGRAM PLAN

A Safety Program Plan should be established during the development assurance planning process. This plan outlines what
should be accomplished to assess the design safety of the product. It also outlines what individuals/organizations should
be responsible for accomplishing these tasks and how the assessment will be reviewed and recorded. It is organized on a
chronological timeline and arranged according to how a given company assigns responsibilities for the tasks involved. This
appendix contains an example which could be used as a template to create an aircraft-level safety plan for a given program.

Each program is unique, and the plan should be tailored to fit the parameters of the program. Also, each company has its
own organizational structure and may assign functions to groups or individuals that are different than those shown in the
example. This is appropriate; however, several elements of the plan should be represented in all plans. The plan will have
to be tailored to the size and scope of the specific program. The example is provided as a template to aid in the creation of
the plan and to help assure that all aspects are incorporated. It is not intended to be a prescriptive template but is a guide
to organizing a plan.

What follows should coyer all aspects of a large-scale development. Smaller programs may show'|a different structure but
should cover the same [assessment elements appropriate to the scope of the given product develppment. For example, a
developer of a lower-leyel system would not include airframe-level reviews.

The objective of the plah is to provide a clear picture at the beginning of a program of the tasks to b accomplished and the
individuals/organizations responsible for accomplishing them.

This appendix provideq an aircraft-level safety program plan example. Anverview of the process, including inputs and
outputs, is presented in|Figure 6; details for accomplishing the tasks described herein may be founq in ARP4761A/ED-135.

Editor’'s Notes: Editors notes are enclosed in parenthesis and provided in italics. Where necespgary, the reader will be
directed to the appropriate section of ARP4754B/ED-79B or ARP4761A/ED-135 for further information on the method or
process involved. Edito[’s notes may also provide clarification to‘the reader; e.g., when the scope ¢f the example is limited
for brevity.
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B.1 SCOPE AND PURPOSE

The purpose of this aircraft Safety Program Plan is to define the scope of the safety work, the deliverables planned for the
program, and to assign responsibilities. It also indicates the principles of the safety assessment tasks, management, and
the schedule for deliverable elements according to the milestones (reviews) of the Development Assurance Plan.

(Editor’s Note: Safety plans, although not a certification plan, usually include additional reference and activities related to
several certification requirements that include additional details on activities related to the continuous airworthiness and
in-service safety, such as Certification Maintenance Requirements (CMRs) and Master Minimum Equipment List (MMEL).
This example will present only minor details related to these topics to focus on more details on the safety process associated
with ARP4761A/ED-135, not going through ARP5150A/ARP5151A, and to avoid being outdated by newer Certification
Authority interpretations and requirements.)

The program has the overall responsibility for the design safety of the product. The activities are organized to accomplish

the goal to ensure that fhe aircraft/system design will not cause or coniribute To an aircraft accident

safety processes in ge
responsible parties.

The responsibility for th
analysis tasks are acco
aircraft safety group).

The safety assessment

heral. For each specific process task, the roles and responsibilities have

e safety assessment tasks is split among the organizations and.groups.
mplished by an aircraft-level team led by a group with aircraft-lével analysig

process should be consistent with industry safety @ssessment standards

The plan describes the
been identified for the

[he aircraft-level safety
responsibility (e.g., the

During the conceptual

development phase of the program, the process develops and validates requirements using a top-down approach.

During the detailed deq
and is verified using a
verification as the progr

B.1.1  Applicable Safg

(Editor’s Note: All applid

B.2 ORGANIZATIO
(Editor’s Note: The orga
document is described
groups. Though this ig
depending on the progn

ign and test phase of the program, design inmiplementation is measured a
bottom-up approach. Iltem requirements verification is gathered into systen
am proceeds through the build and delivér phase of the program.

ty Standards

able safety standards of the program should be outlined here.)

NAL STRUCTURE OF THE PROGRAM

nizational structure.of the program should be outlined here as shown in Fig
one potential alloeation of roles and responsibilities amongst the Safety g

a viable organization practice, other allocations of responsibilities may
am, organization, and expertise.)

jainst the requirements
and eventually aircraft

ure B1. Throughout the
nd Design Engineering
be equally appropriate

Program
Chief Project Engineer
Aircraft Safety . SysFems Manufacturing Test Group

Group Engineering Group Group

Design Group Other Design Design-Support
Safety Focals Groups Groups

] | |
| I |

Figure B1 - Example program organizational structure

(Editor’s Note: Throughout the document, examples of “Other Design Groups” include Structure and Engine.)
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B.2.1 Safety Group Sub-Teams and Working Groups

Sub-teams and working groups, each with a well-defined focus, may be formed, composed by safety specialist from the
aircraft safety groups and safety focals from systems design groups and applicable design specialist. The sub-teams allow
for better division of safety tasks. An example sub-team is the Particular Risk Review Team (PRRT).

(Editor’'s Note: The use of sub-teams and working groups will vary based on organizations’ practices. The examples are a
possible way of accomplishing the activities and processes defined herein.)

B.3 SAFETY RESPONSIBILITIES

The overall ownership of the safety program is chartered with the authority necessary to ensure the program meets all of
its requirements. A primary responsibility of this group is to plan, coordinate, and manage safety-related activities and
provide a management overview, with the objective that the design will neither cause nor contribute to an aircraft accident.
These activities will brirfjg to the program a consistent approach to aircraft/system design safety.

B.3.1 Aircraft Safety ¢Group
An aircraft safety grouplis chartered with the responsibility to perform and/or monitor the program safety tasks.
The aircraft safety group responsibilities are to:

o Establish and communicate the safety requirements at all tiers of definition

o Ensure that the methods for identifying and evaluating derived requirements at aircraft and sygtem level align with the
objectives of the aircraft safety assessment process

e Develop an Aircraft|Functional Hazard Assessment (AFHA)
e Perform the Prelimjnary Aircraft Safety Assessment (PASA), documenting and baselining thge results, ensuring that
safety requirements are established, validated, and.documented, as well as other key assumptions and analysis are
documented and cgmmunicated to the appropriate’groups

e Provide visibility to program management‘ef the program safety activities status

e Develop System Flinctional Hazard( Assessment (SFHA) manual and ensure SFHAs are pdrformed consistently in
accordance with this manual

e Perform Particular Risk Analyses (PRA)

e Participate in the Z4onal>Safety Analysis (ZSA), monitoring the completion and documentatign of the activities, and
assuring that identifiedlissues were addressed

o Identify safety lessons learned from previous programs and provide visibility to program management and to the
development process for consideration

e Identify aircraft-level safety issues and provide visibility to program management responsible for assuring
implementation of committed safety changes

e Monitor the completion of the Preliminary System Safety Assessments (PSSA) to ensure that PSSAs’ results are
baselined and documented, which includes safety requirements established, validated, and documented

¢ Coordinate to promote consistency of analysis methods and approaches used in verification of safety requirements
(e.g., mission lengths and other exposure times)

e Monitor the completion of Aircraft and System Safety Assessments (ASA and SSAs), including the documentation
capturing that the safety objectives from the FHAs and the safety requirements from PASA and PSSAs are satisfied
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Coordinate with the test group and flight crew human factors evaluation group to ensure proper testing of the required
assumptions and analysis used during safety assessment process

Work with the chief test pilots and line pilots as applicable to ensure that there are no issues with the design or flight

crew assumptions t

hat could lead to a flight crew caused incident or accident

Work with the maintenance group to ensure that there are no design issues that could lead to a maintenance-caused

incident or accident

Perform an active role in the Candidate Certification Maintenance Requirement (CCMR) meetings

Perform an active role in the maintenance planning meetings to accomplish the Maintenance Steering Group 3 (MSG-3)
planning for scheduled maintenance to ensure that safety issues are resolved and properly dispositioned

Perform an active r

Coordinate aircraft-

(Editor’s Note: As discu
MSG-3, and MMEL asp
be included in a safety

Aircraft safety group de

Safety Program PIg
AFHA
PASA
Aircraft-level safety

System-level safety

ble in the flight operations development of the MMEL
evel safety certification activities

ssed in the scope section, this example will intentionally present only minor
ects. However, it is understood that those aspects are relevant and addition
brogram plan.)

iverables may include:

n

requirements and objectives

requirements

Validation/verificatipn progress reports,.as required for the safety program

Safety program sch

ASA

B.3.2 Safety Program

edules

Plan

details related to CMR,
al considerations might

The aircraft safety group will prepare the safety program plan and maintain it, updating it as necessary. The plan will be
reviewed and approved by the Chief Project Engineer and other appropriate leaders of the parties involved in the
development program.

The safety program is integrated throughout the development program and addresses those activities that are related to
aircraft safety. Satisfactory execution of the safety program will depend on effective participation by all development and
development support groups.
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Table B1
Roles Responsibilities
Prepares safety program plan document. Circulates plan for review, obtains comments, updates
the document.
Aircraft Safety group Independent review and technical approval of the Safety Program Plan.

Obtains formal consent approval signatures from other relevant groups and chief project engineer.

Communicates the plan to each involved group. Ensures implementation of the plan.

All design groups

Review and concur with the plan.

Chief Project Engineer

Reviews and authorizes the release of plan.

B.3.3 Safety Require

The safety groups, lec
development of aircraf
includes safety require
assessment process is
each tier, i.e., from aircr
requirement will have 2
design groups will be
requirements, regulator
safety assessment prog

ents

by Aircraft Safety group, including safety focals from all the airCraft/
-/system-level safety requirements by performing the safety assessment
ment(s) generation and verification that the implementation satisfies its re
terative and hierarchically validates these safety requirements ‘for complete
aft to systems to items to verification of the implementation. Each system-lev
verification owner having the primary responsibility fordts accomplishme)
to ensure that relevant safety requirements are~properly acted upon
y guidance, and company requirements will be used to identify safety re
ess.

Table B2

bystems, facilitates the

process. The process

quirements. The safety
ness and correctness at
el or aircraft-level safety
nt. A major role for the

Applicable regulatory

uirements through the

Roles

Responsibilities

Aircraft Safety group

Documentation and upkeep-.of aircraft safety requirements.

Systems design groups

Documentation and upkeep of system-level safety plan.

Review, concur with,;»and implement safety requirements where they arg

an affected owner.

B.3.3.1  Requirement

The Aircraft Safety gro

5 in the Requirements:Database

up and the applicable systems design and design support groups will ha

supplying the informati

responsibility for managing the database and publishing this material. The system design grod
reviewing the safety requirements;’resolving any issues that arise, and approving the safety portid

chief project engineer

B.3.4 Certification Pldn_for Aircraft-1 evel Safety

n that will bevadded to the requirements database. The systems enginee

ill ensure that the safety objectives and requirements are properly allocateq

e the responsibility for
ing group will have the
ps are responsible for
n of the database. The
to systems.

The certification plan for aircraft-level safety contains information showing compliance with 14 CFR/CS Part 25.1309 and
other relevant regulatory requirements that take account of the interactions with aircraft systems. This aspect is not usually
addressed in the individual system certification plans. In this plan, the aircraft safety group describes the analytical
approaches used to show that the program meets those requirements.

Table B3

Roles

Responsibilities

Aircraft Safety group

Prepares certification plan for aircraft-level safety.

Independent Review and technical approval of certification plan.

Chief Project Engineer

Reviews and authorizes the release of certification plan.

Certification Authority or

delegate Reviews and approves the certification plan.
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B.3.4.1 Aircraft Safety Assessment Document

The ASA document summarizes the program’s safety-related activities and provides single point documentation for the
tasks identified in the safety plan. It is an output of the ASA process described in B.4.6. All or part of this document may be
provided to the Certification Authorities in the form of an aircraft safety certification summary to show compliance with the
certification plan for aircraft-level safety.

B.3.5 Aircraft Safety Program Schedule and Milestones
The overall schedule for execution of the safety program plan has been incorporated into the program master schedule.
The Safety Program Plan will be effective during the remainder of the preliminary design phase and will continue through

aircraft development to first delivery.

B.3.5.1  Preliminary Design Reviews

Preliminary Design ReViews will be performed to ensure that product requirements are complete~and correct, and that the
design approach is consistent with the requirements. The Aircraft Safety group and safety.specialfsts from design groups
will participate in these feviews to ensure that all safety requirements are considered and ¢an be mjet.

Table B4

Roles Responsibilities
Participates in the Preliminary Design Review to ehsufe all safety requirements, hazards, and safety
lessons learned are presented and resolved.
Conduct the Preliminary Design Review.

Aircraft Safety group

Systems design groups
Ensure that the related safety requirements, hazards, and safety lessons legrned are addressed.

B.3.5.2 Critical Design Reviews
Critical Design Reviews will be performed to ensure that‘product requirements are complete and [correct, and the design
implementations are copsistent with the requirements_ The Aircraft Safety group and safety specialists from design groups
will take an active part in these reviews to ensurethat all safety requirements are being considered and met.

Table B5

Roles Responsibilities
Participates in the Critical Design Review to ensure all safety requirements,|hazards, and safety
lessens learned are presented and resolved.

Conduct the Critical Design Review.

Aircraft Safety group

System design groups Ensure that the related safety requirements and the system design definitiopns are complete and

correct.

B.3.5.3 Engineering Safety Review

An Engineering Safety Review will be held prior to first flight to verify that the aircraft and its systems were built in the correct
configuration and without flaws or errors that might affect safety of flight. Usually, a number of discrepancies are found
which are corrected prior to first flight. This review is a complete inspection of the aircraft. Manufacturing opens access
panels and otherwise prepares the aircraft to be inspected as thoroughly as possible. Following this inspection, a
determination is made whether the aircraft is ready for first flight.

The program will prepare plans for the Engineering Safety Review well in advance of the scheduled first flight date on the
master-phasing schedule. The Aircraft Safety group will review these plans and provided comments. The final plans will be
coordinated with all affected groups on the program by the Program.

Chief Project Engineer will lead the meeting and walk-through process for the engineering safety review. Discrepancies
identified will be tracked to closure to ensure that all issues are corrected prior to first flight. The Aircraft Safety group and
safety specialist from system design groups will support the process as required.
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Table B6
Roles Responsibilities
Chief Project Engineer Plans and coordinate Engineering Safety Review.
Manufacturing Makes aircraft available and prepares it for Engineering Safety Review.
Aircraft Safety group Participates in the Engineering Safety Review to determine that the aircraft was built as designed.

B.3.6 Safety-Related Maintenance Tasks and Intervals

The Aircraft Safety group and safety specialists from design groups will assure that safety-related maintenance tasks and
intervals are consistent with the safety analyses, the assumptions, and the safety requirements. The Aircraft Safety group
and the design groups (including the safety focal) will participate in both the MSG-3 analysis process as well as CMR
process in order to ensure that the design safety requirements are not compromised during the development of the
maintenance plan. The safety specialist will provide, based on the safety assessment process, the CCMRs for the
Certification Maintenang¢e Coordination Committee (CMCC) meetings.

B.3.7 The Master Mirfimum Equipment List Process

The Aircraft Safety grolip will participate in the MMEL development in order to ensuré, that the design requirements are
properly applied to the list of minimum equipment available for dispatch and that the festrictions applied are appropriate and
complete.

(Editor’s Note: It is not|the intent of this example to provide guidelines on{the" MMEL process, tHerefore no guidance or
detailed information on fthe activities performed will be presented. Some guidelines and guidance afe provided for instance
in ARP4761A/ED-135 main body and CS-MMEL.)

B.3.8 Testing

The Aircraft Safety groyp and safety specialists from design.groups will participate in the planning and execution of ground
and flight testing to ensyre that the design safety issues are-addressed. This will include determining what tests are required
and the method of testing that will most adequately satisfy the safety requirements and/or confirm the required assumptions
and analysis used during safety assessment process..These activities will be in accordance with the aircraft test program
plan. The safety groups will maintain oversight on Test Readiness Reviews, including the First Flight Readiness Review.
Safety issues arising flom testing will be dispositioned using the processes in this plan. Additignal tests performed by
supplier and/or partnerq at lower levels will b&monitored by the safety groups whenever necessary tp ensure that the design
safety issues are addrepsed.

B.4 SAFETY ASSHSSMENT PROCESS AND ANALYSIS METHODS

ions and systems, and

5. This gives confidence
The safety assessment
process is iterative and hlerarchlcally valldates safety requwements for completeness and correctness at each tier, i.e., from
aircraft to systems to items to verification of the implementation. The process includes safety objective(s) and safety
requirement(s) generation and verification that the implementation satisfies its requirements. The safety assessment
process is both qualitative and quantitative in nature, with its activities supporting the aircraft development process.
Guidelines on the safety assessment processes and analysis methods are detailed in ARP4761A/ED-135.

The Failure Conditions Classification and the safety objectives defined in AC 25.1309 Draft ARSENAL revised and
AMC 25.1309 will be used to define the severity of the effects of a failure condition and its related safety objective.
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B.4.1 Aircraft Functional Hazard Assessment

The Aircraft Safety group is responsible for developing the AFHA and for ensuring that all system-level FHAs are consistent
with other system FHAs and with the AFHA. The AFHA is a high-level, qualitative assessment of the aircraft functions as
defined at the beginning of aircraft development. An AFHA identifies and classifies the failure conditions associated with
each aircraft-level function. The classification of these failure conditions establishes the safety objectives that an aircraft
should meet.

The AFHA is complete when all failure conditions have been clearly identified along with the rationale for their severity
classifications. This includes substantiating data showing that all aircraft functions have been considered; all failure
conditions have been identified for each aircraft function and flight phase with their resulting severity classifications; the
effects are correct and complete; and the assumptions used have been confirmed and evidence is provided.

Table B7

Roles Responsibilities
Develops and documents AFHA.

Aircraft Safety group Reviews and confirms that the aircraft functions are complete:

Provides AFHA key assumptions to the development to bé confirmed.
Design groups Provide input and review of AFHA and its assumptions.

B.4.2 Preliminary Air¢raft Safety Assessment

The Aircraft Safety group will also be responsible for performing a (PASA based on the AFHA &@nd a proposed aircraft
architecture, with refingment over the course of the development ptoegram. This team will assess how failures can lead to
aircraft-level failure confitions identified by the AFHA and how the' AFHA safety objectives can be met. From this activity, it
is possible to determing that the proposed architecture can reasonably be expected to meet the safety objectives identified
by the AFHA. In additign, aircraft safety requirements (ineluding independence requirements and| Function Development
Assurance Level (FDAL) assignments for the associated aircraft functions) can be generated pnd submitted into the
requirement database with appropriate verification owher and affected owners. The PASA process|may use various safety
analysis methods with more details presented in thie hext sections. Common cause considerations tgken into account in the
PASA, including additignal details on how requirements are identified and verified, are detailed il the next sections. The
team will have the responsibility to track the functional hazard status to closure.

The PASA is completq when all the resdlting safety requirements are provided to the development process to guide
adjustment of the architecture, requirements, or operations, which will be re-evaluated through this preliminary assessment
process until they are fpund to be-achievable. Just as the development process is iterative, the PASA process is iterative
throughout the development cycle-Periodic updates to the PASA may be necessary as the aircraft|architecture matures to
ensure a complete set ¢f datasis available to support the aircraft certification.

Once the aircraft-level lsafety requirements have been defined through PASA process and thel implementing systems
mature, the project transitions to performing an ASA.

Table B8

Roles Responsibilities
Performs, documents, and updates PASA.

Aircraft Safety group Proposes corrections and inputs for AFHA, SFHA, and PSSA.

Provides proposed safety requirements and key assumptions to the design groups.
Review and concur with the inputs for the SFHA and PSSA, as well as with the proposed safety
requirements.

Design groups
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B.4.2.1 Common Naming Convention

One of the tools used to perform multi-function analyses when using Fault Tree Analysis (FTA) is a common naming
convention for labeling all basic events used in a fault tree. This is required so that multiple occurring events are properly
identified. A common naming convention will be used to assign a name to a basic event that will be used across the design
groups. This method ensures that multiple occurring events in the aircraft architecture are correctly represented in the tree
and identified in cut sets.

Table B9

Responsibilities
Develops and implements Failure Mode and Effect Analysis (FMEA) and FTA ground rules and
assumptions.
Use the ground rules and assumptions document in the development of the FTAs and FMEAs.

Roles

Aircraft Safety group

Design groups

B.4.3 System Functignal Hazard Assessments
at the beginning of the system development cycle. They should|identify [and classify the failure
vith the system’s functions, including the rationale, assumptions, and any additional supporting
bte classification. The classification of these failure conditions €stablishes the safety objectives that

SFHAs are conducted
conditions associated
information to substanti

the system should mee
SFHA is revised to ider
SFHAs to ensure that 3
the AFHA and PASA. T
new or correct safety re
failure conditions are uj

. If additional aircraft-level failure conditions affecting the system-level fun

quirements for each system/function. Although the*'SFHAs are not needed f

tify and classify the system’s failure condition. The Aireraft Safety group w
Il hazards have been identified and that the FHAs afe‘eonsistent between
hese reviews will allow update or completion of the AFHA and the PASA,

tions are identified, the
Il coordinate reviews of
design groups and with
ith potential to identify
o start the PASA, these
ns to check the system

ed to support a more complete analysis of the;aircraft-level failure conditig

failure effects condition$ before the PASA is finished.

Table.B10

Responsibilities
Ensures the SFHAs are pérformed in accordance with FHA Manual.

Roles

Aircraft Safety group
Ensures consistency between SFHA and PASA.

Perform the SFHAS:

Design groups

Ensure that'SFHA rationale, assumptions or any additional supporting infornjation are captured.

B.4.3.1 Functional Hazard Assessment Manual

accomplishing the task.
h such as flight phases,
S.

p shoéuld prepare an FHA manual to aid the designers and safety focals in

consistency in the FHA results. The manual will include common informatio
ational r-nnriifinne, and nqming conventions for Iahnling the failure condition

The Aircraft Safety grou
This will help to ensure
environmental and ope

B.4.4 Preliminary System Safety Assessment

The PSSA is a systematic examination of a proposed system architecture and equipment/item designs to determine how
failures can lead to the system-level failure conditions identified by the SFHA. The objective of the PSSA is to establish the
safety requirements of the system, including independence requirements, and to determine that the proposed architecture
can reasonably be expected to meet the safety objectives identified by the SFHA and safety requirements passed down by
the PASA and/or higher-level systems. Once the PSSA process confirms it, the outputs are captured as a baseline. The
PSSA process results provide sufficient analysis information to validate safety requirements identified from the PSSA
process and may be used for some validation records. The outputs include the safety requirements, analysis information to
support their validation, evaluation results for safety requirements and objectives, updated failure condition list, assumptions
required to make the PSSA valid, and the necessary FDAL and ltem Development Assurance Level (IDAL) assignments
for the system function and items. The PSSA is also an interactive process associated with the design definition. The PSSA
is conducted at multiple stages of the system development, including system, equipment, and item design definitions.
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Table B11
Roles Responsibilities
Provides input to the PSSA process.
Aircraft Safety group

Uses feedbacks from the PSSA in the appropriate processes.

Perform PSSA.

System design groups *

equipment, and/or items. Implement changes required.

Capture key assumptions and safety requirements to design of system, equipment, and/or items.

Review and concur with the assumptions and safety requirements used to design the system,

* The safety activity is performed by a person(s) other than the developer of the system/equipment/item.

B.4.5 System Safety fssessment

The SSA is a systemalic, comprehensive evaluation of the implemented system to show that'sa
SFHA and relevant safgty requirements from the PSSA are satisfied. The SSA integrates the resultg
to verify the safety of the overall system and to cover all the specific safety requirements_identified
process may use various safety analysis methods with more details presented in the‘next section
SSA usually consists of|FTA applied on the actual system implementation to determine what single
of failures, if any, can ¢xist at the lower levels that might produce each failurg.condition. The S§
values obtained from the reliability predictions, FMEA, or Failure Mode and-Effects Summary (FM

ety objectives from the
of the various analyses
in the PSSA. The SSA
5. A main portion of the
failures or combinations
A uses the quantitative
ES). The SSA ensures

that all significant failur¢ modes are considered for inclusion in the FTA. During the safety assessnjent process, the FMES

effects should be reviev
not identified in the H
considerations, includin

ed to ensure that no new effects by the Line Replaceable Unit (LRU) on mu
HA and requirements allocation have beep, found. The SSA also in
g details on how requirements are defined .ahd verified.

The SSA process is pgrformed in succeeding levels of verifi€ation through different levels of sys
Hardware reliability requirements and architectural requirements that are allocated throughout the d
evaluated against the dafety requirements identified in the’/PSSA process. The SSA is complete
the implemented system meets the identified safety opjectives and requirements (e.g., qualitative, d

Itiple systems that were
ludes common cause

tems and subsystems.
bvelopment process are
vhen it has verified that
uantitative, FDAL/IDAL

assignment, independence) and/or any deviations-to-the identified safety objectives and requirements, which have been

agreed by the higher-leyel SSA/ASA process.

The resulting SSA documentation shows ‘the delta between the original safety requirement
requirements, as well ag capturing any necessary justification for the requirement and/or architectu

5 and the new safety
re changes. If the issue

is associated with a refiuirement received from the PASA/PSSA, the result is fed back to the appropriate processes to

determine if a change t¢ the requirément can be made.

(Editor’s Note: It is an organizational choice defining how each PASA/ASA and PSSA/SSA process

interact.)

Table B12

Roles Responsibilities

Perform and document the SSA.
System design groups * Review PSSA if necessary.

Implement changes required.

Participates in the SSA.

Aircraft Safety group

Updates ASA/PASA if necessary.

Maintains oversight to ensure that methodologies are consistently applied across systems.

* The safety activity is performed by a person(s) other than the developer of the system/equipment/item.
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B.4.6 Aircraft Safety Assessment

The ASA is a systematic, comprehensive evaluation of the complete aircraft to show that safety objectives from the AFHA
and safety requirements from the PASA are satisfied. The Aircraft Safety group will integrate the results of the various
analyses performed by the safety specialists from the design groups, verifying evidences confirming the applicable aircraft
safety requirements are valid and stable, as well as that the analyses (e.g., SSA) used to satisfy aircraft-level safety
requirements are completed and reflect the certification configuration. Aircraft-level and multi-function analyses will be
conducted to show the aircraft-level safety requirements are satisfied. Finally, the Aircraft Safety group will collect those
evidences and analyses and use them as required to be included in the ASA.

Once the aircraft-level safety requirements have been defined through PASA process and the maturity of implementing
systems develops, the process converts to assessing the satisfaction of these aircraft-level safety requirements through the
system-level PSSAs and SSAs. The ASA ensures that all significant system failure modes are considered for inclusion. The
ASA also includes applicable common cause consideration results. The results of these assessments are documented in
the ASA, which may bg Updated incrementally as the aircrait architecture matures. Unce the process starts, PASA
data may need to be maintained in the PASA records and/or in the aircraft development life cygle ‘@ata (e.g., requirements
and their rationales).
ganizational choice defining how each PASA/ASA and PSSA/SSA procesy

(Editor’s Note: It is an o interact.)

Table B13

Roles Responsibilities

Provide required data for ASA activities.

Design groups
Implement changes required.
Performs and documents ASA.

Aircraft Safety group Independent review and techinical approval of ASA.
Reviews PASA data,if necessary.

Reviews and authorizes the release of the ASA.
Reviews and a@pproves the ASA.

Chief Project Engineer
Certification Authority or

delegate

B.4.7 Function Devel bnt

pbpment Assurance Level and Item Development Assurance Level Assignm

The assignment of FDA
assurance tasks are us
and corrected such tha
the process of establis
IDALs may be assigne
functions, their resped

A\Ls and IDALs.activity is part of PASA or PSSA processes. These levels
bd to substantiate, to an adequate level of confidence, that development err:
the aircraft/systems/items satisfy a defined set of requirements. The activi
hing the_characteristics of how potential errors contribute to failure conditi
d in @ccordance with development process principles. The output of this
tive \FDALs, a list of the items involved with the functions, their resp|

documentation of the
consistently applied acr

pf rigor of development
brs have been identified
lies are associated with
bns so that FDALs and
activity is a list of the
ective IDALs, and the

plated Functional Failure Sets The Aircraft Safety group will oversee thd

0ss systems and processes.

activity to ensure it is
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B.4.8 Safety Analysis Methods

The safety assessment process includes safety analysis methods, which are applied throughout the development cycle to
provide the analyst a means of qualitatively and/or quantitatively assessing the safety of a design. The Aircraft Safety group
will maintain oversight to ensure that these methodologies are consistently applied across systems, especially when
required to develop multi-function analyses to be included in the ASA. The following provides a brief description of the
methods used:

A Fault Tree Analysis (FTA) is a failure analysis which focuses on one particular undesired event and provides a method
for determining causes of this event. In other words, an FTA is a “top-down” system evaluation procedure in which a
qualitative model for a particular undesired event is formed and then evaluated. The analyst begins with an undesired
top-level hazard event and systematically determines all credible single failures and failure combinations of the system
functional blocks at the next lower level which could cause this event. The analysis proceeds down through successively
more detailed (i.e., lower) levels of the design until a primary event is uncovered or until the fault tree shows support of

the undesired even

Dependence Diagr
represents a failure

under evaluation.

hms (DD) may be used as an alternate method of representing the, failure
condition (unwanted top event). It is constructed utilizing rectangular boxe

events leading to fhe top event. These boxes are arranged in series or parallel fermation.

situations, while pa

Markov Analysis (M
the future behavior

A Failure Mode and
system, function, o
at any indenture le
techniques such as
FMEA(s) which are

Model-Based Safe
architecture and furi

allel chains represent AND situations.

A) is an alternative method to model failure. It is based-ofa statistical techn

Effects Analysis/Summary (FMEA/FMES) is.a’systematic method for ident
hardware item and determining the effects.on the next higher level. An FI
el (e.g., piece-part, function, black box).’An FMEA may be used in conju
the FTA to produce a quantitative analysis. The FMES is a summary of f
grouped together on the basis of their failure effects.

ly Analysis (MBSA) is a methodology and process where, using a n
ctional behavior are capturedin models which are augmented with failure mg

model data. Each DD
s, which represent fault
Series chains are OR

que used in forecasting

of a variable or system whose current state or behavior-does not depend on its state or behavior at
any time in the pas{.

fying failure modes of a
IEA may be developed
hction with probabilistic
pilures identified by the

odeling language, the
de models. The analyst

applies a software application to perform ananalysis of the system failure propagation model, generating outputs such

as failure sequenc
mechanism betwee

A Cascading Effect
failure condition, fa
the aircraft for that
the initiating conditi
by the initiating con

bs, minimal cut sets;vor other results. This methodology establishes a ¢
n a developmentteam and a safety team.

5 Analysis (CER) is a qualitative, bottom-up analysis which evaluates an in
lure mode, or combination of failure modes) and allows the analyst to dete
nitiating-eondition. The CEA iteratively identifies the direct and indirect effe
bn duelto system dependencies. All systems directly or indirectly connected t
dition are considered in the CEA.

bmmon communication

tiating condition (e.g., a
mine the total effect on
cts that propagate from
0 the systems impacted

Common Mode Analysis (CMA) is a qualitative analytical method used to support evaluation of independence by
applying, in a logical way, engineering experience systematically to review function, architecture, development,
implementation, manufacturing, maintenance, and operation.

Particular Risk Analysis (PRA) and Zonal Safety Analyses (ZSA) support the overall development of the specific aircraft,
system, and equipment architectures by evaluating the overall architecture sensitivity to hazards that might impact
multiple systems. PRAs are managed from a global aircraft perspective to address particular physical hazards, within
or external to the aircraft, which could affect the airframe globally (or several aircraft sections) and/or impact one or
more aircraft systems and their installation. ZSAs are managed from a zonal perspective, to address physical hazards
related to physical installation.

(Editor’s Note: The method(s) selected will vary based on system characteristics and organizational practices. The results
of these methods may stand alone or be incorporated info any of the higher-level assessments. The PRA and ZSA are
described as safety methods in this document but, depending on company organization of these aircraft-wide safety
activities, they may also be considered as processes in their own right.)
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B.5 COMMON CAUSE CONSIDERATIONS
B.5.1 Common Mode Analysis

The CMA activity is used by the safety specialists, at any indenture level (aircraft, system, or item), to evaluate and
substantiate independence relative to common cause failures, common cause errors, or both, identifying independence
shortcomings (e.g., in architectures or requirements) and thereby documenting and initiating changes to be made. These
changes would then be re-evaluated iteratively until the safety process substantiates, with sufficient confidence, that the
independence principles can be achieved. As part of the PASA and PSSA, the CMA activity is used to facilitate the
generation of requirements associated with independence and the assignment of development assurance levels associated
with architecture considerations. The CMA also supports independence verification occurring after implementation as part
of SSA and ASA. The Aircraft Safety group will tailor a CMA questionnaire to be used on the activity, and update whenever
necessary, including any new concern that may have arisen during the development. The group will also ensure the
transition from the questionnaire to a “final” checklist to be used during the verification activities in the ASA/SSA processes.
The team will also over§ee The activily T0 ensure it IS consisiently applied across systems and procgsses.

Table B14

Roles Responsibilities
Prepares/tailors and updates the CMA questionnaire/checklist to be used dufing PASA/PSSA and
SSA/ASA process.

Uses the CMA questionnaire on PASA process to define Independence requirements and assign
. FDAL.
Aircraft Safety group
Uses the CMA checklist on ASA process to yerify the independence requirerhents and FDAL
assignment.

Documents the PASA/ASA CMA findings.

Uses the CMA questionnaire on PSSA process to define independence requjrements and assign
FDAL/IDAL.

Safety focal from system

desi Uses the CMA checklist-on-SSA process to verify the independence requirements and FDAL/IDAL
esign groups

assignment.

Documents the-PSSA/SSA CMA findings.
Review andrapprove the Common Mode Analysis, the independence requirements, and implement
changes required.

System design groups

B.5.2 Particular Risk Analysis

Particular risks are thoge physical events or influences which may violate independence, or compfomise aircraft safety or
aircraft survivability. The PRA is not a probab|I|st|c anaIyS|s Each part|cular rlsk is analyzed as a threat to the aircraft. The
objective is not to determs v of-the aircraft in the presence
of each threat, considering aII its potent|al effects, and ensure hazards relevant to the particular risk have been
minimized/prevented to the extent practical, in accordance with specific regulatory requirements. A PRRT, led by the Aircraft
Safety group, will be set to perform PRA for each particular risk.

The PRRT will aid the safety specialists performing the PASA, ASA, PSSA, and SSA. The PRRT will identify requirements
(e.g., physical segregation/separation, survivability, functional interactions) based on proposed installation and/or layout to
adequately addresses the independence principles identified in the PASA and PSSA. The results of some analyses
conducted as part of the PRA, such as bird strike and tread separation analyses, will contribute to the identification of
structural design requirements. Design team will review and approve those requirements so that they can be included into
the aircraft requirements database with an appropriate verification owner with the primary responsibility for its
accomplishment. Cross-functional teams responsible for specific areas of the aircraft (herein referred to as volume teams)
will assure the implementation of those requirements.
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PRRT will also perform a verification process, part of the ASA/SSA, using the PRA methodology to ensure that those
requirements are implemented into the design and manufacturing of the aircraft. The PRRT will also confirm that, in the
event of a defined threat, the aircraft implementation is such that consequences are minimized at an acceptable level in
terms of survivability.

The review of the consequences for each particular risk will be documented and any prerequisites upon which it may rely
captured in the appropriate requirement database. If consequences are acceptable, justification for certification will be
provided. For the unacceptable consequences, the design teams will be informed to perform the changes.

The PRRT deliverables are:

Identify and characterize the particular risks to be analyzed

Identify and allocate the related requirements so they can be included in the requirements database

Assess the aircraft purvivability with respect to each identified threat

o Verify that the aircraft design incorporates solutions or adequate mitigations for each.idéentified threat

survivability requirements from the company’s previous aireraft. They willjalso research any new

b new technology used on the aircraft.

The team will review al
threats generated by th

Table B15
Roles Responsibilities
Conducts the PRA.
Aids the safety specialists performing the PASA, ASA, PSSA, and SSA.
PRRT
Documents the PRA.
Identifies proposed requiremehts-and required changes for any unacceptable congequences.
Aircraft Safety group Leads the PRRT.
Participate in the PRRTq
Design groups
Review and approve-the PRRT documentation and requirements, and implement ¢hanges if required.

B.5.3 Zonal Safety Anpalysis

A ZSA is performed to
hazards and potential
development process (

evaluate-the design and installation of systems and equipment to identify,
maintenance hazards. A ZSA will be performed in each zone of the
rCwhen necessary, on the partial re-design of the existing zone. The Z§

specific interactions or
aircraft throughout the
A will be performed by

inspection on each zonear Iuy examit |i||g cross=zonatinteractions—Ear iy zonat dllaiybib witt clllpiuy nock-up representation
of the basic aircraft design. Later phases of the zonal analysis will be performed on the built aircraft. The analysis consists
of consideration of installation aspects of individual systems and equipment and the mutual influence between several
systems/equipment installed in close proximity on the aircraft. Zone chiefs will be assigned for each zone of the aircraft.
They will lead volume teams (made up of members from systems, design, and safety groups) responsible for the ZSA for
their zone, utilizing participants from the affected design groups and from functional support groups, including the Aircraft
Safety group and safety focals from design groups. Each team will identify the applicable physical independence
requirements (assisted by the zonal questionnaire) related to the independence principles from PASA and PSSA; prepare
a ZSA checklist for their zone; and organize a list of inherent hazards (supported by the applicable system design group
safety focal). This list is based on, for each system or equipment in the zone, the identification of physical hazards inherent
to the system/equipment potentially having external effects.

The Aircraft Safety group will assure the harmonization of the collected information. For the inspections, the volume team,
supported by the design groups, will determine the most effective method of completing this task. Methods may include
zonal reviews, fly throughs, and as-built reviews. The conclusions of the ZSAs, including records of who, how, and when
the assessment was performed, will be documented. Findings of exceptions in the ZSA will also be recorded and result in
a design change or a documented justification for a deviation.
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Table B16

Roles Responsibilities
Lead and conduct the ZSA for their areas.

Prepare the ZSA material to be evaluated during the ZSA (e.g., checklist/questionnaire).
Volume teams
Document the ZSA.

Identify required changes for any unsafe installations.
Participates in the ZSA.

Assures the information/criteria harmonization (e.g., questionnaires, inherent hazards) between

Aircraft Safety group volume teams. Provides the aircraft-level safety data/requirements.

Reviews aircraft-level safety documentation with the results.
Provide the system-level safety data/requirements.

Safety focals from desigp groups
Review system-level safety documentation with the results.
System design groups Implement design changes required (at any level).
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APPENDIX C - DELETED

Previous guidelines in this appendix have been superseded by the material found in ARP4761A/ED-135 Appendix P.
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APPENDIX D - DELETED

Previous guidelines in this appendix have been superseded by the material found in 5.2 herein.
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APPENDIX E - DEVELOPMENT ASSURANCE CONTIGUOUS EXAMPLE

NOTE: The main body of this document contains information which places the information in this appendix in context. This

appendix should be used in conjunction with the main body of the document.
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E.1 INTRODUCTION
This appendix provides a detailed example of the aircraft and systems development for a function of a hypothetical S18
airplane. Because the aircraft selected for this example is an airplane, “S18 airplane” is the terminology used.

This appendix describes, in detail, a contiguous example of the design development process for the S18 airplane Wheel
Brake System (WBS), with interactive exchanges including handoffs to and from the safety analysis contiguous example in
ARP4761A/ED-135 Appendix Q. The goal is to show the interactive relationship between ARP4754B/ED-79B and
ARP4761A/ED-135. In order to present a clear picture, some of the airplane-level tasks are provided to better understand
potential interactions that may drive requirements down to the WBS level. The function “Decelerate on Ground” is broken
down into a single system and its items. This function is chosen because it has sufficient complexity to allow use of all the
methodologies, yet is simple enough to present a clear picture of the process flow.

The methodologies applied here are an example of one way to utilize the principles defined in the main body. Other formats

may be used to accom(

It should be stressed h
be comprehensive in it
represent the outputs
additional recommende

This example contains
but does not include th
the airplane level for ai
purpose of certification
and not required to be
Certification Authority,
Safety and certification
development of an air
process in itself does n
to the overall certificatig

In a real development p
program, development
in example flow.

In a real development
receiving inputs from ar

Figure E1 depicts the in
rectangles represent th

dithough all documents should be available for submission if requested by th

lish tThe documentation, as long as the principles ouflined in the main body fare followed.

ere that the content of this appendix is an illustrative and informative éxample, and is not meant to
5 discussion of the development activity that a program to develop*a WHS would entail, or fully
hat could be created, either in scope or content. This exampless not intended to establish any
d practices beyond those described in the main body of the document.

references to documentation that a company may use-toassure itself of the safety of its products,
e documentation that the Original Equipment Manufacturer (OEM) would e required to submit at
plane certification. Some of these documents are’submitted to the Certification Authorities for the
e.g., the WBS Functional Hazard Assessment (EHA)). Other documents arelinternal to the company
submitted for certification. No implication is made that these documents should be submitted to a
b Certification Authority.
focess as applied to the
nts. This development
vides a significant input

are not synonymous terms. The exampletshows the systems engineering p
blane, including some processes thatcare beyond certification requiremg
bt constitute a comprehensive process for guaranteeing certification but prg
N process success.

rogram, the development process is usually far more complex. For examplg, in a real development
bf the airplane, airplane systems and items often occurs concurrently, rather than serially as depicted

program, the safety process occurs concurrently with the developmen{ processes, constantly
d providing feedback to development processes.

teraction.of activities within this example and in ARP4761A/ED-135 Appenfdix Q. The blue-shaded
e development activities. The yellow-shaded octagons represent the safety activities described in

ARP4761A/ED-135 Apj
to quickly find specific a
of these interactions is
document and/or in this

In addition to the activiti
development described

pendix Q Th|s figure prowdes a gwde to the structure of the examples and hould allow the reader

3 ) e indicated, the directionality
not shown the nature of the |nteract|ons in these cases is descnbed in the main body of this
example.

es shown in Figure E1, there are two additional integral processes of aircraft and systems
in this example: configuration management (Section E.6) and process assurance (Section E.7).
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WBS — Wheel Brake System B
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Figure E1 - ARP4754B Appendix E and ARP4761A Appendix Q example flow
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E.2 DOCUMENT GUIDANCE

This section is intended for guidance to be used throughout the example. This section includes definitions, explanation of
sections, and thoughts from the authors.

Editor’s Notes: Editor’'s Notes are enclosed in parentheses and provided in italics. Where necessary, the reader is directed
to the appropriate section of ARP4754B/ED-79B or ARP4761A/ED-135 for further information on the method or process
involved. Editor's Notes may also provide clarification to the reader, e.g., when the scope of the example is limited for
brevity.

The phrase “main body”: When the reader sees the phrase “main body,” it implies the main body of ARP4754B/ED-79B
and the section called out in reference to the example given.

Blue table borders: The use of blue borders indicates information that was received from ARP4761A/ED-135 Appendix Q.

The system developmé
system development p
following the safety ass
from the safety assessn
of such a data input is:

Nt process and satety assessment process are concurrent processes wi
ocess example contains a number of data inputs (documents, tables,etc
bssment process in ARP4761A/ED-135 and documented in ARP4764 A/ED-

h data interfaces. This
) that are produced by
135 Appendix Q. Inputs

nent process are enclosed in boxes to distinguish the data inputs from'explahatory text. An example

Title

I Object Identifler | Object Content
E.3 AIRPLANE DEYELOPMENT PROCESS
E.3.1 Airplane Introdyction

The airplane developmént process included the development.ofthe airplane-level functions, require

for the S18 airplane. Th
determine a proposed
requirements to be con

E.3.2 Airplane Planni

The airplane Developr
processes of the airplarn
tools to be used for the
to all S18 program stak

(Editor’s Note: Early coc
body 3.3 has not been

e purpose was to develop a list of airplane requirements of all classes as sh
airplane design that can reasonably satisfy the requirements, and d
sidered in the design of the airplane systems, lower-level systems, and iten

ng Documents

nent Assurance Plan“defined the development assurance process acti
e development life Cycle. Also included were the life cycle environment, ing
activities of each-life cycle process, and the development standards. The
bholders.

rdinatiofr with the Certification Authorities for development assurance plann
hcluded in this example. This example does not include any planning docul

ments, and architecture
bwn in main body 5.3.1,
evelop the lower-level
S.

ities including integral
uding the methods and
lan was communicated

ng as described in main
nents.)

An example Development Assurance Plan table of contenis is included in Table ET. This table is an example of how all
planning elements from the main body can be included in a single plan. In some cases, similar content is combined into a
single plan section, such as key individual responsibilities, with references to multiple main body sections which call for
responsibilities to be defined.

The left-hand side of the table provides a notional plan’s section numbers and headers. The right-hand side of the table
represents where the reader can find relevant information in the main body. The section numbers have no correlation to the
example in this appendix.
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Table E1 - Example Development Assurance Plan table of contents

Plan Table of Contents ARP4754B Reference Section
1 Introduction
1.1 Scope
1.2 Applicability
1.5 Definitions and Acronyms
2 Applicable Documents
3 Development Assurance Plan Section 3
3.1 Development Assurance 1.2
3.1.1 Scope of Development Activity 2'e70t|on 4,4.1,4.2,4.3,4.4,45,456,
3.1.2  Plan Tailoring Rationale 3.3(a.1)
3.1.3  Design Descripfion 324

3.2(d), 3.3(¢.8), 5.1.7(c), 5.4.7.1(g),
5.5.4(a),56.2|1,5.7

3.1.5 Complexity Marlagement (Aircraft- or System-Level) 3.2,4.M\(a), 4.1.2
323,4.7,54]7.3,55.6.4,5.7.2,
5yr.3.2
3.1,32,4.1,91,54.1,54.2,54.6,
5.5.1,5.5.2,5/5.5,5.6.2

3.1.4  Organizational $tructure with Roles and Responsibilities, Including Independence

3.1.6  Deviations from|Plan

3.1.7  Top-Level Procg¢sses and Methods

3.1.7.1 Architecture Deyelopment 4.3,4.5,46.1{1,4.6.1.2(b)
3.1.7.2 Integration 46.3
3.1.7.3 Implementation 42,46,553
3.1.7.4 Relationships bgtween Integral Processes Section 3, 4.1
3.1.7.5 Interactions betjveen Requirement, Design, Safety Activities 41.3
3.1.8 Plan to Re-Use |Processes, Methods, or Data 3.3(c4), 5.2.3/3.2,5.3.1.11
3.1.9  Rationale and Hlan to Address “Fully Analyzable and Fully Testable” Systems 3.3(c.5),4.6.4/5.54,555
3.1.10 Key Development Cycle Milestones and Events 3, 3.2(c), 5.1.7
3.1.11  Transition Critefia 3.2.2
3.1.12 Development Agsurance Process Outputs 22642 45,462,4.7,51.7,541,
3.2 Safety Process
3.2.1  Scope and Conjent of Safety ActivitieS (Aircraft- or System-Level) 5.1
3.2.2  Input Requirements for Safety Design and Analysis 5.1,5.1.7(a)
3.2.3  Applicable Safefy Standards 5.1.7(b)
3.2.4  Safety Organizgtion Relationship with Partners or Suppliers 3.3(c.6), 5.1.7(c)
3.2.5  Safety Assessnjent Activities'and Outputs 5.1.7(d)
3.2.6  Validation and Verification of Safety Requirements 5.1.7(f)
3.2.7  Safety Process |nteraction with Development Assurance Planning Elements 5.1.7(g)
3.3 Requirements Management 3362}
3.3.1 Requirements Capture 3.1,53
3.3.2 Requirements Management 3.3(c.2)
. 3.3(c.2),4.1.3,5.1.2,5.1.4,5.1.7(f),
3.3.3  Management of Safety Requirements 5_3_(1 _1? 5.3.2 ()
3.3.4  Derived Requirement Evaluation for Safety Impact 5.3.1.10, 5.3.3
34 Requirement Validation Process 541,542, 5425545
3.4.1 Validation Methods 545,546
3.4.2 Correctness and Completeness Checks 54.23,54.3,54.4
3.4.3 Management of Assumptions 5424
3.4.4  Validation Matrix 54.25,54.7.2
3.4.5 Validation Summary 54.25,54.7.2
3.4.6  Validation of Requirement Changes 5.4.7.1(f)
3.5 Implementation Verification 55,552,553,554,555,556
3.5.1  System or ltem Configuration to be Verified 5.5.4(b)

3.5.2  Verification Methods 5.5.4(c), 5.5.5, 5.5.6.1(c)
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Plan Table of Contents

ARP4754B Reference Section

3.5.3  Verification Success Criteria 5.5.4(d)
3.5.4  Verification Credit from Hardware or Software Activities 5.5.4(e), 5.5.4(f), 5.5.6.1(9)
3.5.5  Verification Activities 5.5.4(9)

3.5.6  Verification Procedures

55.3,555.3,55.6.3(d)

3.5.7  Verification Data

5.5.6,5.5.6.1,556.2,5.5.6.3,5.5.64

3.5.8  Sequence of Dependent Verification Activities

5.5.4(g), 5.5.6.1(e)

3.5.9  Verification Test Environment

5.5.4(i), 5.5.5.3.1, 5.5.6.1(h)

3.6 Configuration Management Process 5.6

3.6.1  Configuration Management Methods 5.6.2.1

3.6.2 Configuration Management Environment: Procedures, Tools, Methods, Standards | 5.6.2.1

3.6.3 Configuration Identification 5.6.2.2,5.6.3.1
3.6.4  Configuration Baseline Establishment 5.6.2.3

3.6.5 Change Controlland Problem Reporting 5.6.24

3.6.6  Archival and Refrieval 5.4.7.1(d)}66{2.5
3.6.7 Configuration Dpta 5.6.3/5.64
3.7 Process Assurance Process 5.7.2

3.7.1 Project Plan Reljiews 53.7.1

3.7.2 Activity, Data, ahd Report Reviews 5.7.3.2

3.7.3  Process Assurance Data 574

E.3.3 Airplane Conce

The S18 airplane was

pt

developed by finalizing different high-level airplane operational profiles. T

he airplane operational

profiles were developed from the marketing and business decisions*made during these initial mgrketing efforts, such as

independent market su

was the finalization of the different high-level airplane operatiofal profiles, some of which include:

a. High-level airplane
b. Tradeoff between a
c. Tradeoff between g
The S18 airplane progr

research. The airplane
sizing and preliminary 3

flowed from the airplang level to.all’systems for use in safety assessments, including the single evs

The operational profile

r'veys, customer requests, and initial design and trade studies. The airplan

requirements (e.g., payload, range)

h airplane that flies faster yersus an airplane that consumes less fuel

n airplane that predominately supports hub-and-spoke versus point-to-poin
hm operating characteristics were established based on customer interface

toncept of operations led to the airplane mission specification, which then le
irplane design. This information was used to create an operational profile f

or the-S18 airplane includes:

e concept development

operations

during the initial market
J to preliminary airplane
Dr the airplane and was
nt effects analysis.

a. Two engine passenger airplane for 300 to 350 passengers
b. Maximum range of 5000 nautical miles at 0.86 Mach

c. Altitude ceiling of 41000 feet

d. An average flight duration of 5 hours

e. An airplane life of 100000 flight hours

f. A power on time of 100 operating hours

A concept drawing developed for the S18 airplane is shown in Figure E2.
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Figure E2 - Airplane concept drawing
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Once the airplane concept was firmed up, the development of its functions, architecture, functions allocation, and
requirements was initiated, with the process conducted in an almost concurrent, iterative sequence.

E.3.4 Airplane Functions

The airplane functions for the S18 airplane program were initially developed based on prior airplane program history,
marketing specifications, and certification requirements for the intended operation of the airplane.

The S18 airplane was designed to perform the following functions:
a. Provide Aerodynamic Performance

b. Control Airplane Trajectory

c. Control Airplane Erergy
1. Maintain or Inc]ease Airplane Energy
2. Reduce Airplane Energy
i. Provide Controlled Aerodynamic Drag
i. Decelerate on Ground
3. Provide High Lift Capability
d. Provide Survivable [Environment
e. Provide Crew Situational Awareness
f.  Maintain Structural |Integrity
g. Provide Emergency Services

h. Provide Passenger{Cargo Services

(Editor’s Note: “Decelerfate on Ground®\function is in bold text because it is the focus of the exampl|

D

)

(Editor’s Note: The airplane function'list shows that there is typically a large context and hierarchy |of functions provided to
other processes. This |example=provides enough functional definition to support the system development and safety
assessment process examples; but is not a complete functional definition for the S18 airplane.)

E.3.5 Airplane Functiomat-Becompuosition

The S18 airplane-level functions as shown in E.3.4 were further defined.
(Editor’s Note: To the maximum extent possible, the functions do not imply a specific design/implementation. For example,
there are several different design solutions which could be used to decelerate on the ground. The determination of the

allocation of functions to systems was completed as part of a trade study not included in this example.)

The S18 airplane-level function “Decelerate on Ground” was decomposed to the system level as shown in Figure E3.
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Control Airplane

Energy

_

Reduce Airplane
Energy

_

Decelerate On Ground

Decelerate the Wheels
on the Ground (F1)

When used, Fx notatio

E.3.6 Aircraft Functio

Using the airplane oper

Aerodynamic Braking
(F2)

Reverse Thrust on
Graund (F3)

Provide High Lift (F4)

Control Engine Thrust
on Ground (F5)

Transfer Stopping
Forces to Structural
Integrity Components
(i.e. Landing Gear) (F6)

Figure E3 - Decomposition of Decelerate on Ground function

nal Hazard Assessment (AFHA) Interactions

N represents«the ‘identification of a function that is considered to implem
“Decelerate on Ground/)’

bnt the aircraft function

btiohal profile from E.3.3 and functional failures for each of the airplane funda

tions identified in E.3.4,

the AFHA determined airplane-level hazards as part of the safety assessment process.

The AFHA provided hazards associated with the function “Decelerate on Ground.” The failure condition severity
classification assigned in the AFHA (e.g., Major, Hazardous, Catastrophic), along with conditions assigned that moderate
the hazard (e.g., runway departure speeds), was a factor in determining the airplane architecture required for the
“Decelerate on Ground” function.

The AFHA hazards for the “Decelerate on Ground” function are found in ARP4761A/ED-135 Appendix Q.

(Editor's Note: The AFHA activity was conducted in accordance with the guidance of ARP4761A/ED-135 Appendix A.
Although this example focuses on the “Decelerate on Ground” function, other airplane functions might have been allocated
to the WBS, such as “Control Direction on Ground.”)
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E.3.6.1

AFHA Assumptions

Assumptions made while accomplishing the effect evaluation of each failure condition have been captured and numerically
identified for reference. Table E2 presents the assumptions analysis made during the development of this functional hazard
assessment. These assumptions were confirmed through the development process and the confirmation communicated
back to the AFHA process.

Table E2 - AFHA assumptions

Assumption
Identifier Description
ASMP 3.2.2-1 Overrunning the runway length above “XYZ” knots is considered a high speed overrun.
ASMP 3.2.2-2 The directional aspect of asymmetric failures of deceleration systems are functionally addressed by failure
o conditions of the “Control direction on ground” airplane function (see function 2.3 AFHA).
Theflight crew will divert to a suitable airfield if aware of a condition that renders the airglane incapable of
ASMP 3.2.2-3 . . L
landjng at the originally intended destination.
Crey awareness is not a factor for the identified malfunction, as these are immediately gvident due to aircraft
ASMP 3.2.2-4 ; - . ) i
behavior and do not have their effects intensified or mitigated by crew awarenéss'featurgs.
Thef(flight crew will not initiate a Rejected Takeoff (RTO) in response to an ahnunciated failure of deceleration
ASMP 3.2.2-5 ) .
featdires during takeoff due to alert suppression.
ASMP 3.2.2-6 Taxilis performed at groundspeeds below 30 knots.
ASMP 3.2.2-7 Landlings with failure condition in combination with environmental factors have been assssed.
ASMP 3.2.2-8 Failyres of deceleration capability will be detected and annunciated by on-board systemp.
E.3.7 Initial Airplane Architecture Development and Function Allocation

After airplane function
systems identified, and
E.3.7.1 Initial Airplan
Airplane architectures V
that were developed. Th

and was an iterative pr
(PASA) process.

Review of the S18 airplane architecture.showed that the “Decelerate on Ground” function was inten

using two independent

a. Wheel brakes. The

Each wheel is equipped With a brake.

decomposition in Figure E3, the airplane architecture development was i
airplane sub-functions were allocated concurrently to the airplane’s support

e Architecture
vere developed for each airplane function, given airplane requirements an

e airplane architecture development determined resulting airplane systems i
pbcess with the airplane. function allocation process and the Preliminary Airg

ystems:

S18 airplane has two main landing gear struts with four wheels each for

hitiated with supporting
ing systems.

I AFHA categorizations
hcluded on the airplane,
raft Safety Assessment

Hed to be accomplished

a total of eight wheels.

reversers are intended

Thrust reversers. T

<10 HEPS P2 H P PO~ RPPH 174 b rar o -k b-anaa Thatbr
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to aid deceleration, especially in conditions where friction-based deceleration is ineffective (wet or iced runways).

The following airplane features might have affected the “Decelerate on Ground” function:

a.

Engines. The S18 airplane has two under-wing mounted turbofan engines in order to produce forward thrust. The engine

thrust is reduced during deceleration on ground, to maximize deceleration and allow deployment of the thrust reversers.

Flaps. The S18 airplane’s wings are each equipped with two flap panels. The flaps are extended to increase the wing’s

lift and drag coefficients. The flaps are extended to allow lower takeoff and landing speeds, which facilitates deceleration

on ground.

on landing, to reduce lift and increase the effectiveness of the wheel brakes.

Spoilers. The S18 airplane’s wings are each equipped with two spoiler panels. The spoilers are intended to be deployed

The initial airplane-level architecture of the WBS, as shown in Figure E4, was provided to the PASA process.
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(Editor’s Note: Interfaces to the hydraulics systems and the Electric Brake Unit (EBU) are shown, but detailed development
and safety analysis are outside of the scope of this example.)

Hydraulic System Function (not part of WBS)
HYD 1 HYD 2
Isolation Isolation
Valve Valve
PWR PWR el WEBS
1 2 peeds  Status
4 ™\
Alt'Elec
Brake
Signal = ¢--1 {not part of WBS)
§EI c
:Brake
Uit

W - S Brake

Pedal
Pos 1

A A

Brake
Pedal
Pos 2

Wheel Speed
(1 per wheel)

Figure E4 - Initial airplane-level Wheel Brake System architecture schematic
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E.3.7.2 Airplane Function Allocation

The S18 airplane-level functions as shown in E.3.4 were defined during the airplane architecture development process. The
next process step was to allocate functions to the supporting systems.

The S18 airplane-level function allocation for “Decelerate on Ground” is shown in Table E3. The initial WBS requirements,
presented later in E.4.5, were outputs of the allocation activity, along with the functional requirements for the other systems’
functions shown in Table E3. Table E3 content assumes some systems were present on the S18 airplane, as shown in the
top row (Wheel Brake System, thrust reverser, etc.). These systems were identified from the development of the initial high-
level architectures. This allocation was an important input into the PASA. The purpose of the function allocation was to
identify the system(s) which implement the respective function(s).

(Editor’'s Note: Function allocation was a recursive, iterative process. After airplane functions were allocated to systems by
the design process, each system which integrates multiple airplane functions was re-examined using the System Functional
Hazard Assessment (SFHA) process.)

Table E3 - Airplane function allocation (excerpt)

Structural
Wheel Integrity
S18 Brake Thrust Engihe (Landing Gear,
Function Airplane System Reverser | Spoilers Flaps Controls Fuselage, etc.)
Decelerate on Ground X X X X X X X
Decelerate the Wheels gn the
X
Ground
Reverse Thrust on Ground X X
Provide Aerodynamic Braking X
Provide High Lift X
Control Engine Thrust or X
Ground
Transfer Stopping Forces to
Structural Integrity X X
Components

E.3.8 Airplane Requifements Development
The initial development pf airplane requirements included market/technology research and certificatipn requirements. These
requirements established preliminary-requirement sets. Usage of “know how” from previous programs expanded this
preliminary requiremeny set to a.degree sufficient for initial architecture trade studies.

(Editor’s note: For the sake\ofbrevity, not all airplane requirements are discussed.)

E.3.8.1 Sizing Requirements Derived from Airplane Runway Operating Requirements

The S18 airplane and its systems were “sized” for the intended mission as defined by market requirements. The intended
mission included requirements to operate from specific runway types and lengths. In addition, regulations 14 CFR/CS
25.125(c) and 14 CFR/CS 25.735 specified requirements applicable to this function. Factors that translated the function
“Decelerate on Ground” into quantified requirements for the WBS included the following:

¢ Airplane landing weight

e Airplane takeoff weight

e Takeoff and approach speeds

o Flight characteristics of the airplane

e Specified airplane operating environmental conditions
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e Assumed failure conditions, including those specified by certification requirement 14 CFR/CS 25.735

The sizing requirements for the WBS was developed as a function of required energy absorption, and deceleration

requirements.

E.3.8.2

Airplane Requirements Specification

Table E4 is an excerpt from the initial airplane requirements specification that showed a subset of the requirements which
were used to trace to WBS requirements. Additional airplane requirements might have been obtained from other sources,
such as regulatory material. It should be noted that those requirements required to comply with 14 CFR/CS 25.735 and
sub-sections were further decomposed once allocated to the WBS.

Table E4 - Initial S18 Airplane Requirements Specification (excerpt)

Requirement
Number

Requirement

Source

Additionhal ILformation

n ground.

S18-ACFT-R-1000 | "¢ S18 airplane shall have a Airplane concept | Must comply with 14 CFR/CS 25.735.
means to decelerate on ground.
The S18 airplane shall have a

S18-ACFT-R-1100 means to decelerate the wheels Airplane concept Must cormply with 14 CFR/CS 25.735.
q

S18-ACFT-R-1110

|

he S18 airplane shall have
dilot-controlled wheel braking
gdapability.

Airplane concept

Conventional pedal base
confirmed by airframe de
meeting ABC123.

Must comply with 14 CFR

I controls scheme was
Bign team in coordination

/CS 25.735.

S18-ACFT-R-1120

The S18 airplane shall have an
dutobraking capability during
landing and RTO.

Business' case
tradestudy

Business case trade stud
for technological improve
auto-landing capability. (H

Must comply with 14 CFR

y established the need
ments in CAT lllb
eport MRS18-XXX)

/CS 25.735(c)(2).

S18-ACFT-R-1130

The S18 airplane shall have anti-
gkid braking.

Business case
trade study

Business case trade stud

y established the need

for all weather operation and stability of the

airplane during runway ru
MRS18-XXX).

Must comply with 14 CFR

ns. (Report

/CS 25.735 (e).

S18-ACFT-R-1140

The S18 airplane shall provide
interface for Wheel Brake System
gtatus and-annunciations.

Business case
trade study

Business case trade stud
determined the need to p
to the crew.

y TS18-XXXX
ovide WBS information

S18-ACFT-R-0181

The St8airplane shall decelerate
the-wheels on gear retraction.

Business case
trade study

Business case trade stud

) TS18-XXXX

determined the need to p

event high speed wheel

rotation-afterthe-aear-ar
<

stowed.

S18-ACFT-R-0182

The S18 airplane shall be
capable of decelerating the
wheels differentially.

Business case
trade study

Business case trade study TS18-XXXX
determined that nose gear alone are not sufficient

to steer the aircraft under
operational conditions.

all environmental and

S18-ACFT-R-0183

The S18 airplane shall have a
parking brake to prevent airplane
motion on the ground.

Airplane concept

The regulation defines the need for parking brake
control and defines performance requirements.

Must comply with 14 CFR/CS 25.735(d).

S18-ACFT-R-0184

The S18 airplane shall have
hydraulically driven braking.

Business case
trade study

Business case trade study TS18-XXXX
determined that the hydraulic drive of WBS is
more economically feasible than electrical
systems given the reuse of hydraulic systems
from previous S18 airplane. Once the mechanism
has been determined that will power the wheel

brake, then that power sy

stem must be compliant

with 14 CFR/CS 25.735 (b).
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Requirement
Number Requirement Source Additional Information
The S18 airplane shall have an 14 CFR/CS

S18-ACFT-R-0185

autobrake override that can be
initiated by the flight crew.

25.735(c)(2) N/A

S

S18-ACFT-R-0186

S

The S18 airplane shall meet

operating in an average

40000 feet and a latitude of
45 degrees.

afety requirements while IEC 62396, referenced in

. L S18 airplane industry standard for anal
atmospheric radiation internal
environment per the IEC 62396 .
documentation

tandard with an altitude of .
appropriate.

effects. For the operational mission selected, the
industry average for the radiation environment is

AIR6219/ER-008, is the
yzing single event

E.3.9 Preliminary Sys

tem-| evel Architecture Development for “Decelerate on Ground” Function

Once the airplane-leve
architecture matured in
requirements. At the sa
were identified and defi
on Ground” function are

E.3.9.1 Architecture f

| function decomposition and allocation to systems (shown in Figuré §
development, development of system-level architecture was pursuéd furth
me time, common resource systems required for the airplane systems to
ned. System-level architecture and system-level common resourees that su
described in E.3.9.1 and E.3.9.2, respectively.

or “Decelerate On Ground” Function

a.

Wheel Brake Systdm (WBS): The WBS actuates all eight brakes onthe main gear wheels.
pedal position inpufs to the WBS. The WBS is hydraulically actuated and powered by hydrauliq
hydraulic system 2 [HYD 2). The WBS is electrically controlled..fhe WBS uses redundant elect
single electrical bug loss results in loss of the WBS. The WBS uses the ground detection infor
WBS implements the function “Decelerate the Wheels on the*Ground (F1).”

Ground Spoiler Sygtem: The ground spoiler system actuates all four spoilers on the wings. Th
gs are controlled in pairs. Thextwo pairs of spoilers may be commanded sy
to pilot manual compmands. There is no automatic’spoiler command in the S18 airplane. Ther
controlling or actuating the spoilers. The ground spoiler system is hydraulically actuated and

F3 and Table E3) and
br to fulfill airplane-level
perform their functions
bported the “Decelerate

A\n EBU provides brake

system 1 (HYD 1) and
Fical buses such that no
mation as an input. The

b symmetric spoilers on
mmetrically in response
b is no other method of
pbowered by HYD 1 and

hydraulic system 3|(HYD 3). The groundsspoiler system is electrically controlled by an Electrlonic Flight Control Unit

spoiler system uses:.redundant electrical buses such that no single elec
loss of any EFCU channel. The ground'spoiler system uses the ground detection information a

rical bus loss results in
nd wheel speed data as

inputs. The ground [spoiler system implements the function “Aerodynamic Braking (F2).”

Thrust Reverser Sylstem: Thé thrust reverser system controls and actuates the thrust reversing mechanisms on each
ing mechanism is controlled independently in response to pilot manual gommands. There is no
erser,command in the S18 airplane. The thrust reverser system is hydraulically actuated and
pctronic Engine Control
ectrical bus loss results
in loss of any EECU channel. The thrust reverser system uses the ground detection information as an input. The thrust

powered by HYD 1] and HYD 2. The thrust reverser system is electrically controlled by an El

reverser system implements the function “Reverse Thrust on Ground (F3)

Flap System: The flap system actuates the multiple flap surfaces on the wings. All flap surfaces are controlled
simultaneously in response to pilot manual commands. There is no automatic flap command in the S18 airplane. There
is no other method of controlling or actuating the flaps. The flap system is hydraulically actuated and powered by HYD 1
and HYD 3. The flap system is electrically controlled by the EFCU. The EFCU uses redundant electrical buses such
that no single electrical bus loss results in loss of any EFCU channel. The flap system implements the function “Provide

b.
the left and right wi
(EFCU). The grou
C.
engine. Each reve
automatic thrust r
Unit (EECU). The t
d.
High Lift (F4).”
e.

Propulsion System: The propulsion system controls forward thrust on each engine in response to pilot manual
commands. There is no automatic propulsion command in this S18 airplane. The propulsion system is electrically
controlled through 2 EECUs. The left-hand engine EECU controls the left-hand engine and the right-hand engine EECU
controls the right-hand engine. The propulsion system relies on ground detection information from other airplane
systems as an input. The propulsion system implements the function “Control Engine Thrust on Ground (F5).”
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Common Resources for “Decelerate On Ground” Function

R1 Hydraulic System: The hydraulic system provides power to multiple airplane systems. There are three hydraulic

systems on the S18 airplane. HYD 1 is driven by engine 1 (left hand). HYD 2 is driven by engine 2 (right hand). An
additional hydraulic system, HYD 3, provides minimal flight control capability in case of the loss of all engines in flight;

25.671(d).

R2 Electrical System: The electrical system provides power to multiple airplane systems. There are three major electrical

buses distributing power to airplane systems. Each major electrical bus can be powered by one or more engine driven
generators. The system architecture was conceived to provide power to multiple systems such that no single electrical
system failure causes loss of any essential loads.

E.3.9.2
a.
refer to 14 CFR/CS
b.
c.

R3 Ground Detection Information System: The ground detection information system provides information to multiple

airplane systems. The in-air or on-ground status of the airplane is determined by detecting compression of the left and

right main landing d
mismatch, an addi

electrically powereq.

E.3.10 Preliminary Airg

In parallel with the airpl
in the airplane developn
to define an airplane ar

E.3.10.1 Provide Airplane Information to PASA Process

The development procs
allocation to the PASA
E.3.4,E.3.7.1, E.3.7.2,

ear shock absorbers and its informatfion 1S consolidated using both signals
tional input from wheel speed is used to accommodate this failure\FA

raft Safety Assessment Interactions

hne development process, the PASAs were performed with(the design confi
hent. This was an iterative process between developmentiand safety assessg
Chitecture that met the safety requirements.

ss provided airplane functions, airplane requirements, airplane architectur
process. The airplane functions, architetture, function allocation, and req
and E.3.8, respectively.

E.3.10.2 Assignment

The AFHA was condud
outputs of the AFHA prg
and safety objectives. B
Levels (FDALSs) as shoy
A and C. Further deve
(PSSA).

When used, Fx notation
is a detailed functiona
otherwise carried forwa

f Function Development Assurance Level

ted as part of the safety assessment process described in ARP4761A/EL
cess, which provided inputs to the PASA process, were the failure condition|
ased on those safety‘objectives, the PASA process assigned the Function [
nin Table E5. The'Development Assurance Plan included the means to de
opment assurance’ level details were expected from the Preliminary Syst

represents’the identification of a function, while [FFx] is a general function f

rd-into"system development activities or data.

. Whenever the signals
air/ground system is

a)
-

guration identified early
ment, with the objective

b, and airplane function
lirements are shown in

-135 Appendix Q. The
5, effects, classification,
evelopment Assurance
elop functions as FDAL
em Safety Assessment

qilure of Fx, and [FFx.y]

failute jof function Fx. While used in the aircraft-level safety assessments, this notation is not

Table E5 - FDAL assignment (PASA outputs)

Function Development Assurance Level
PASA-SR-01 [F1] Decelerate wheels function shall be developed FDAL A
PASA-SR-02 [F2] Ground spoiler function shall be developed FDAL C (as minimum)
PASA-SR-03 [F3] Thrust reverser function shall be developed FDAL C (as minimum)
PASA-SR-04 [F4] Flap function shall be developed FDAL C (as minimum)

(Editor’'s Note: All PASA FDAL assignments are shown in Table E5 for consistency with ARP4761A/ED-135 Appendix Q.
However, only the Decelerate Wheels FDAL assignment, PASA-SR-01, is discussed later in this appendix. The other FDAL
assignments shown in Table E5 apply to systems outside the focus of this example. PASA-SR-01 is addressed through the
generalization of representing a single FDAL A function validated and allocated to the systems level for further
decomposition. This is captured with an FDAL attribute for each requirement at the lower levels. Table A1 provides the
applicability of the objectives for each FDAL and process. Safety requirements were developed by the PSSA and required
validation and verification commensurate to their failure condition.)
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The Development Assurance Plan addressed the generation of evidence and data that supported the development of
functions with different FDALs. Development activities were performed, and associated evidence and data was generated
as defined in this plan. The Development Assurance Plan outlined the means used to perform, review, and approve
development activities for varying FDAL levels. The Development Assurance Plan defined the appropriate process required
for the FDAL for a particular function or item (see main body 3.2).

(Editor’s Note: FDALs do not imply particular random failure probabilities. Probabilities are allocated separately from the
FDAL assignment process.)

E.3.10.3 Proposed Safety Requirements from PASA and Safety Methods

The proposed safety requirements in Table E6 were inputs received from ARP4761A/ED-135 Appendix Q, Preliminary
Aircraft Safety Assessment.

Table E6 - Proposed safety requirements (PASA output)

SR# Proposed Safety Requirements
PASA-SR-05 [FF1.1] Complete loss of wheel brake shall be less than 1.0E-07 for a landing.
PASA-SR-06 [FF4.2] Symmetrical partial loss of ground spoiler shall be less than 1.0E-Q3 fer a landinp.
PASA-SR-07 [FF3.2] Loss of one thrust reverser shall be less than 1.0E-03 for a landing-
PASA-SR-08 [FF4.2] Symmetrical partial loss of flaps shall be less than 1.0E-03 for@landing.
PASA-SR-09 No gingle fgllure or event shall result in the complete loss of wheel brake and the symmeétrical partial loss of
ground spoiler
PASA-SR-10 No gingle failure or event shall result in the complete loss of wheel brake and the loss oflone thrust reverser.
PASA-SR-11 No dingle failure or event shall result in the complete loss.of\wheel brake and the symmetrical partial loss of flap.
Losg of power from both hydraulic subsystems powered.by the engines shall not lead to[complete loss of wheel
PASA-SR-12 braking
The |Alternate/Emergency Brake System hydraulic equipment and piping shall be installg¢d aft of the engine 1
PASA-SR-13 .
UERF trajectory envelope.
PASA-SR-14 Twolredundant control lanes shall be provided between the Electric Brake Unit and each of the two

Altefnate/Emergency Meter Valves.
Tonedundant control lanes defined in the-proposed requirement [PASA-SR-14] shall use vertically separated

PASA-SR-15 routes in the portion of the fuselage.crossing the UERF area so that no engine 1 UERF flebris can affect both
lanep together.
At Idast one of the two redundant control lanes between the Electric Brake Unit and each of the two

PASA-SR-16 Altefnate/Emergency Meter Valves shall allow control of the corresponding valve until cdmplete stop of the
airplgne in case of loss of/pawer from both engine driven generators.
Thecontrol lane betweénthe EBU and each of the two Alternate/Emergency Meter Valves allowing control of

PASA-SR-17 the ¢orresponding valve until complete stop of the airplane in case of loss of power from both engine driven
gengrators shall pe routed in the cabin ceiling area in the portion of the fuselage crossing the UERF area.
PASA-SR-18 Flail ng shaft of the flap hydraulic motor moving parts shall not impact on brake pressurg valve.

(Editor's Note: PASA proposed safety requirements are shown in Table E6 for consistency with ARP4761A/ED-135
Appendix Q. However, on/y requ1rements PASA SR-05, PASA SR 10 PASA SR 12, PASA-SR-18, and PASA-SR-14 are
discussed later in this a ' 5af ] Tier ' to systems outside the
focus of this example. UERF acronym stands for Unconta/ned Eng/ne Rotor Failure. The acronym is left in Table E6 because
that is how it is received from safety as shown by the blue box.)

While most proposed safety requirements were expected to be generated by the PASA, safety analysis methods generated
proposed safety requirements and provided them to the development process. The proposed safety requirement as shown
in Table E7 was received from the ARP4761A/ED-135 Appendix Q, Particular Risk Analysis (PRA).


https://saenorm.com/api/?name=97a561e1a07c5a9ad83e78481cb2ea93

SAE INTERNATIONAL

ARP4754™B

Page 119 of 172

Table E7 - Proposed safety requirements (PRA output)

Reference Proposed Requirement Rationale Allocated to

In case of large external fuel leak as a

The fuel tank design shall include outer result of damage to fuel tanks caused by a

wing tanks which alone retain sufficient UEREF, the airplane’s flying range may be Structure

PRA-UERF-FUEL-01-01 | fuel reserves to ensure completion of the affected to the point that the aircraft will Desian

flight or a safe diversion, and are located not be able to reach its destination airport 9

outside the UERF trajectory envelope. or any diversion runway, with potentially
Catastrophic consequences.

(Editor’'s Note: This proposed safety requirement from the PRA is shown in this example to illustrate this source of safety
requirements. However, the proposed safety requirement shown in Table E7 is outside the focus of this example.)

E.3.11 Follow-On Airp
The PASA process pro

The hydraulic common
reversers and wheel br
for loss of deceleration]
(>1.0E-09).

Furthermore, the PRA
because a single UERF
both HYD 1 and HYD 2

Therefore, PASA recon
HYD 1 and HYD 2 pqg
S18-ACFT-R-1550 and
to incorporate a hydrau
airplane deceleration by
(S18-ACFT-R-1551).

Furthermore, the PRA
because a single UERR
and the single alternatg

ane-Level Architecture Development
ided the following architecture feedback:
bower source analysis described in ARP4761A/ED-135 Appendix Q pointed

capability if the probability of loss of both HYD 1 and HYD 2 was no

showed that the current airplane design was not sufficient to satisfy an
event could cause loss of wheel brakes and-thrust reversers caused by t
power sources.

mended an additional means of ensurifg sufficient power for airplane decel
wers only, according to PASA-SR-12. The development process captu
considered all possible solutions."Based on a Hydraulic-Electric Brake Study
ic accumulator (i.e., emergengy-accumulator) capable of providing sufficier
braking the wheels during-all:airplane operational modes including the HYD

showed that the clrient airplane design was not sufficient to satisfy an
event could cause loss of wheel brakes caused by the simultaneous loss
brake signal between the EBU and the WBS.

Therefore, the PASA p

according to PASA-SRA{14.

Figure E5 reflects the design changes resulting from architecture feedback.

oposed a-dual redundant command path from the EBU to the Alternate/En

out that because thrust

bkes use only HYD 1 and HYD 2 power sources, the airplange does not safjsfy the safety objective

extremely improbable

ndependence principle
ne simultaneous loss of

eration other than using
ed this requirement in
, the design team chose
t energy to assure safe
1and HYD 2 loss case
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Figure E5 - Airplane-level Wheel Brake System architecture schematic
E.3.12 Airplane Requirements Validation and Assumption Management

The requirements validation and assumption management processes of main body 5.4 were continuous throughout the
development life cycle.
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E.3.12.1 Airplane Requirements Validation

At the airplane level, the main goal was to ensure that the set of requirements was complete and that each requirement was
correct. A critical aspect was to ensure airplane-level requirements were both necessary and sufficient to meet the needs
of operators, maintainers, and Certification Authorities, as well as airplane and system developers. A validation matrix,
shown in Table E8, was used to illustrate the outcome of the validation process. In this case, the three validation methods
determined to be applicable were engineering review, analysis, and traceability. The review included evaluation of questions
as described in main body 5.4.

(Editor’'s Note: For the sake of brevity, only a sample of requirements are shown in the validation matrix, Table E8, and the
actual evidence articles; e.g., the simulation methods, results, and the correctness and completeness checklist are not
shown. In this example, the FDALs associated with functions/requirements are captured as separate requirements and/or
documented as attributes as shown in the associated function column in Table ES8.)

Following the guidance[of main body 5.4.7.Z, Table E8 was creafed to track the sfatus of validaiing each requirement and
the set of requirements fas a whole including additional requirements resulting from architecting decigions and PASA activity.
The categorization as g safety requirement resulted from the PASA activity. (See main body 4.1.8, 5.3.1.1, and 5.3.2 for
discussion about identifying safety requirements through safety assessments.) The FDALS.shown|in Table E8 came from
the PASA as shown in Table ES5.

Table E8 - Airplane Requirements Validation Matrix (sample)

Associated Function (if

Requirement ID and Safety Source of Applicable) and the Vplidation Validation
Requirement Req Requirement FDAL Validation Method Hvidence Conclusion
S18-ACFT-R-1000
. Decelerate on . . . Corrpot & .
The S18 airplane shall havd a No Airplane concept Ground A | Engineering review | Completeness Valid
means to decelerate on Chegklist 1234
ground.
S18-ACFT-R-1100
Engineering review | corrbct &
. . Decelerate the )
The S18 airplane shall havda | No Airplane concept | gure o o Ground A Confpleteness Valid
means to decelerate the Traceability Chegklist 1234
wheels on ground.
S18-ACFT-R-1110
. Decelerate the . ) . Corrpat & )
The S18 airplane shall havd No Airplane,concept Wheels on Ground A | Engineering review Complgteness Valid
pilot-controlled wheel brakirlg Chegklist 1234
capability.
S18-ACFT-R-1120
. Business case Decelerate the . ) . gorraclzt & .
The S18 airplane shall have No trade study Wheels on Ground A | Engineering review omp gteness Valid
an autobraking capability Chegklist 1234
during landing and RTO.
S18-ACFT-R-1130
Business case Decelerate the . . ) Correct & )
. No trade stud Wheels on Ground A | Engineering review | Completeness Valid
The S18 airplane shall have y Checklist 1234
anti-skid braking.
S18-ACFT-R-1140
. Business case Decelerate the . ) . Correct & .
The S18 airplane shall No trade study Wheels on Ground A | Engineering review Complgteness Valid
provide interface for WBS Checklist 1234
status and annunciations.
S18-ACFT-R-0181
Business case Decelerate the Correct &
The S18 airplane shall No trade study Wheels on Gear A | Engineering review | Completeness Valid
decelerate the wheels on gear Retraction Checklist 1234
retraction.
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Associated Function (if

Requirement ID and Safety Source of Applicable) and the Validation Validation
Requirement Req Requirement FDAL Validation Method Evidence Conclusion
S18-ACFT-R-0182
Decelerate the Correct &
i No Business case Wheels Differentially A | Engineering review | Completeness Valid
The S18 airplane shall be trade study for Directional o 9 pie
capable of decelerating the Control Checklist 1234
wheels differentially.
S18-ACFT-R-0183
Control Airplane Correct &
The S18 airplane shall have a | No Airplane concept Energy A | Engineering review Complc_eteness Valid
parking brake to prevent Checklist 1234
airplane motion when parked.
S18-ACFT-R-0184
Business case Decelerate the Correct &
. No " o W P q A | Engineering review | Completeness Valid
The S18 airplane shall hav rade stdy heels an Graun Chatklist 1234
hydraulically driven braking
S18-ACFT-R-0185
Engineering review\ | Corrkct &
The S18 airplane shall have No 14 CFR/CS Decelerate the A Confpleteness Valid
an autobrake override that 25.735(c)(2) Wheels on Ground Traceabilit Chetklist 1234
can be initiated by the flight Y
crew.
S18-ACFT-R-0186
The S18 airplane shall mee
safety requirements while S18 airplane Protect against Corrpct &
operating in an average No internal Single Event Effects~, | A | Engineering review | Conjpleteness Valid
atmospheric radiation documentation (SEE) Chegklist 1234
environment per the IEC
62396 standard with an
altitude of 40000 feet and a
latitude of 45 degrees.
S18-ACFT-R-0933
The Wheel Brake System Yes | PASA-SRO1 Qécelerate the A | Analysis PAS Valid
decelerate the wheels on the Wheels on Ground
ground function shall be
developed as FDAL A.
S18-ACFT-R-1322 Engineering review
i i Decelerate on Corrpet &
No single failure or event shall | yes PASA-SR-10 A | Traceability Conpleteness | Valid
result in the complete loss df Ground Chetklist 1234
wheel brake and the loss of] .
one thrust reverser. Analysis
S18-ACFT-R-1385 Engineering review
A Ao Decelerate the R - — Corrpet & .
Complete loss of wheel YES PASA=SR-05 Wheels on Ground AT Traceabitity Com Igteness Valid
braking shall be less than Checklist 1234
1.0E-07 for a landing. Analysis
S18-ACFT-R-1550 ) . i
Engineering review
Loss of power from both Decelerate on " Validation .
hydraulic subsystems Yes PASA-SR-12 Ground A | Traceability Checklist 1234 Valid
powered by the engines shall
not lead to complete loss of Analysis
wheel braking.
S18-ACFT-R-1551
Wheel Brake System shalll ic- i Correct &
y No Hydraulic-electric Decelerate the A | Engineering review | Completeness Valid

include an emergency
accumulator to supply
hydraulic power to the wheel
brakes.

brake study

Wheels on Ground

Checklist 1234
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Associated Function (if
Requirement ID and Safety Source of Applicable) and the Validation Validation
Requirement Req Requirement FDAL Validation Method Evidence Conclusion
S18-ACFT-R-1552 i . )
Engineering review
The Alternate/Emergenc Correct &
Brake System hydraulic Yes | PASA-SR13 Docelerale on A | Traceability Completeness | Valid
equipment and piping shall be Checklist 1234
installed aft of the engine 1 Analysis
UEREF trajectory envelope.
S18-ACFT-R-1600
Engineering review
Two redundant control lanes Decel Correct &
shall be provided between the | veg PASA-SR-14 ecelerate on A | Traceability Completeness | Valid
Electric Brake Unit (EBU) and Ground Checklist 1234
each of the two N
Alternate/Emergency Mete RaTYSS
Valves.

(Editor’s Note: S18-ACFT-R-0186 is included here to provide visibility of an aircraft-levelovwerarching requirement that is

later allocated to aircraft systems and items. This is the introduction of the function “Protect agail

(SEE).”)

E.3.12.2 Airplane Asslimption Management

For confirmation track|ng purposes, assumptions have been summarized in Table E9. For
om the AFHA, as shown in Table E2, have had\identifier prefix “AFHA”
assumptions were identified as received from the PASA and PRA.

assumptions received

Table E9 - Airplane-level safety assumptions

st Single Event Effects

fracking purposes, the
bdded. PASA and PRA

Assumption Identifien

Description

Confirmation

AFHA ASMP 3.2.2-1

Overrunning the runway length above “XYZ” knots is considered a high speed overrun

Coord Memo
S18a-CM00Y1

AFHA ASMP 3.2.2-2

The directional aspect of asymmetric failures of deceleration systems are functionally addressed
by failure conditions of the “Control direction on ground” airplane function. (See functign 2.3
AFHA.)

Coord Memo
S18a-CM00Y1

AFHA ASMP 3.2.2-3

The flight crew will'divert to a suitable airfield if aware of a condition that renders the afrplane
incapable of landing at the originally intended destination.

Coord Memo
S18a-CM00Y1

AFHA ASMP 3.2.2-4

Crew awareness is not a factor for the identified malfunction, as these are immediately evident
due to aircraft’behavior and do not have their effects intensified or mitigated by crew ajvareness
features!

Coord Memo
S18a-CM00Y1

AFHA ASMP 3.2.2-5

The\flight crew will not initiate an RTO in response to an annunciated failure of decelefation
features during takeoff due to alert suppression.

Coord Memo
S18a-CM00Y1

AFHA ASMP 3.2.2-6

-Taxi is performed at groundspeeds below 30 knots.

Coord Memo
S18a-CM00Y1

AFHA ASMP 3.2.2-7

Landings with failure condition in combination with environmental factors have been assessed.

Coord Memo
S18a-CM00Y1

AFHA ASMP 3.2.2-8

Failures of deceleration capability will be detected and annunciated by on-board systems.

Coord Memo
S18a-CM00Y1

PASA-ASMP-01

It is assumed that the high speed overrun is above 30 knots and low speed overrun is below (or
equal) 30 knots. This assumption has been derived from the AFHA assumption ASMP 3.2.2-1
and ASMP 3.2.2-6 for the establishment of the criteria and terms of “high speed overrun” and
“low speed overrun.”

Coord Memo
S18a-CM00Y2

PASA-ASMP-02

The degraded state of systems considered in the CoFFE analysis has been defined such as half
functional capability.

Coord Memo
S18a-CM00Y2

PASA-ASMP-03

Wheel Brake System uses ground detection information together with the wheel speed
information. These functions are developed independently so that even if Erroneous Ground
Detection Information (AGS.MF) is provided on ground, i.e., with false in-flight status, wheel
braking function is available if there is correct wheel speed information.

Coord Memo
S18a-CM00Y2

The BSCU is installed in the avionics compartment located in the nose fuselage section of the

airplane, thus are kept forward of the UERF area.

PRA-UERF-ASSUMPTION-01 airplane, forward of the UERF area. PRA
The electrical lines transmitting the brake control signals from the Electric Brake Unit to the
PRA-UERF-ASSUMPTION-02 BSCU are routed “to the shortest” from one end to the other in the nose fuselage section of the PRA
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Assumption Identifier Description Confirmation
PRA-UERF-ASSUMPTION-03 The hydraul_lc reservoirs and the high pressure manifolds of the hydraulic subsystems 1 and 2 PRA
are located in the fuselage, aft of the UERF area.
The hydraulic power distribution lines from the engine driven pumps to the respective hydraulic
PRA-UERF-ASSUMPTION-04 reservoirs and high pressure manifolds exit the engine pylons aft of the wing rear spars, then PRA

run along, aft of, the wing rear spars to the fuselage, and are kept aft of the UERF area inside
the fuselage.

The hydraulic distribution lines routed to the forward part of the fuselage to supply hydraulic
PRA-UERF-ASSUMPTION-05 equipment located forward of the UERF area are fitted with appropriate isolation means located | PRA
aft of the UERF area.

The power supply lines from the electrical power center(s) to the EBU are routed “to the
shortest” from one end to the other in the nose fuselage section of the airplane.

PRA-UERF-ASSUMPTION-07 In case of cabin depressurization the airplane altitude will be limited by procedure to 10000 feet. | PRA

PRA-UERF-ASSUMPTION-06 PRA

The assumptions as shown in E361 were conflrmed through the development process and the confirmation was
communicated back to | j Geerd Memo S18a-CMO00Y2.
The PRA assumptions yere reviewed as part of the final design review for confirmation by the PRA.

E.4 WHEEL BRAKIE SYSTEM DEVELOPMENT PROCESS
E.4.1  Wheel Brake System Introduction

This section describes,|in detail, the system architecture development for the WBS. The WBS is developed to implement
the “Decelerate the Wheels on the Ground” sub-function of the “Decelerate of.Ground” airplane-leyel function (see E.3.8).

The purpose of this section is to illustrate that development of a systemarchitecture involves taking system functions,
requirements, results of the safety assessment analyses, interfacing systems, and other activities into account.

E.4.2 Wheel Brake System Planning

At the systems level, the WBS Development Assurance Plan was the top-level planning document which is similar to the
airplane Development Assurance Plan (see E.3.2).

E.4.3 Wheel Brake System Description
The S18 WBS is compfised of the brake pedahcontrol system, brake hydraulic system, anti-skid gand autobrake systems,
brakes/wheels/tires, brake temperature moénitor system, brake cooling fans, tire pressure indicatipn system, and tire and
brake monitoring system.

(Editor’s Note: For brevty, the example will only show certain aspects of the systems architecture in detail.)

The airplane has two main landing gear attached to the wings and a nose gear. The WBS is ingtalled on the two main
landing gear. The nose|geatwheels are unbraked. The eight main gear wheels have multi-disc carpon brakes.

Brakes on the main gear wheels are used to provide safe retardation of the airplane during taxiing and landing phases and
in the event of a Rejected Takeoff (RTO). The wheel brakes also prevent unintended airplane motion when parked, and
may be used to provide differential braking for airplane directional control. A secondary function of the WBS is to stop main
gear wheel rotation upon gear retraction.

Braking on ground is commanded manually via brake pedals, or automatically (autobrake) without the need for pedal
application. The autobrake functionality allows the pilot to pre-arm the decelerate function prior to takeoff or landing and is
only available in the NORMAL Mode.

Brake application is controlled by left and right meter valves located in the wheel wells. The meter valves are operated via
electrical signals, through the EBU, from toe pedals integral to the rudder pedal assembly. Differential control of the left and
right brakes is available to both the captain and first officer. The parking brake handle is used to set the parking brake. To
set the parking brake, the brake pedals are fully depressed. The parking brake handle can be pulled up and will latch when
the pedals are released. The WBS maintains brake clamping force without further flight crew action once the parking brake
has been set. The brake pedals are depressed to unlatch the parking brake handle.
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The brake pedal position is also electrically fed to a brake computer. This in turn produces corresponding control signals to
the brakes. In addition, this computer monitors various signals which denote certain critical airplane and system states, to
provide correct brake functions and improve system fault tolerance, and generate warnings, indications, and maintenance
information to other systems. This computer is accordingly named the Brake System Control Unit (BSCU).

The WBS includes a Normal Brake System and Alternate/Emergency Brake System which operate in NORMAL,

ALTERNATE, or EMER

GENCY Modes.

a. NORMAL Mode is operated with BSCU and HYD 1 hydraulic system. NORMAL Mode includes either autobrake or
manual braking. Autobrake is only available in the NORMAL Mode.

b. ALTERNATE Mode is on standby and is selected automatically when the Normal Brake System fails. It is operated with
HYD 2 hydraulic system.

c. EMERGENCY Mod

operated with an ermpergency hydraulic accumulator.

Switch-over of the mog
depicted in Figure E6.

e is selected when the Normal Brake System has failed and HYD 2 hydrgulic system is lost. It is

e can be automatic under defined failure conditions or manually selectefl. Mode transitions are

Supports both manual

Monitor extemal signalg
Generate information to

NORMAL Mode
(Initial Mode)

nd autobrake

Brakes are powered by HYD 1 hydraulic system

other airplane systems

HYD 1 pressure belgw threshold value
(Loss of HYD 1 supply qr removed by BSCU)
OR
Manually gelected

No autobrake

Brakes are powered by HYD 2 hydraulic systgm

ALTERNATE Mode

(Manual brake function)

(Emergency
No autobrake

EMERGENCY Mode

brake function)

Brakes are powered by emergency accumulator

HYD 2 pressure below threshold value

Figure E6 - WBS mode transitions
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E.4.4 Wheel Brake System Functions

The WBS is assigned to perform the following functions:

a. Decelerate the wheels on the ground.
1. Decelerate the wheels on command (manual or automatic).
2. Automatically command wheel deceleration on landing and Rejected Takeoff (RTO).
3. Prevent tire skidding during wheel deceleration.

4. Provide WBS annunciation.

b. Decelerate the wheels on gear retraction.

c. Decelerate the whegls differentially for directional control.
d. Prevent airplane m¢tion when parked.

e. Provide wheel speqd data to the airplane.

The wheel brake functipn is also supported by and/or provides support to{a number of functiong
systems. The interfacing functions associated with the WBS identified for this example are:

a. Provide electrical ppwer.
b. Provide hydraulic ppwer.

c. Display system anrjunciation.

from different airplane

Figure E7 depicts how [the airplane-level interfacing-functions, “Provide Electrical Power” and “Pr¢vide Hydraulic Power,”

support the WBS funclions. Likewise, the WBS\function “provide WBS annunciation” supports
“Display System Annungiation” which provides.crew operational awareness to the WBS status.

the interfacing function
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E.4.5 System Functid

The SFHA was preparg¢d through the safety assessment process. Using the WBS description frg
(VBS functions in E.4.4, the-SFHA determined failure conditions.

failures for each of the

The SFHA provided fai
classifications assigned
defined the failure con
architecture required fo

The SFHA failure cong
Appendix Q.

nal Hazard Assessment

Figure E7 - Decomposition of Wheel Brake System functions

itions’ for the “Decelerate the Wheels on the Ground” function are found
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Functional Flowdown

}

Functional Decomposition
Multiple Subfunctions -
only key flowdown shown

'I_I_l'l_l_

Supporting Function/Service
)

L]
L]
¥  Legend

E.4.5.1 SFHA Assumptions

m E.4.3 and functional

ure conditions assocjated with the function “Decelerate the Wheels on thg¢ Ground.” The severity
in the SFHA (e'g., Catastrophic, Hazardous, Major), along with condition
dition (e.g., less of less than 50% wheel deceleration) were a factor in
[ the “Decelerate the Wheels on the Ground” function and other associated

s assigned that further

determining the WBS

functions.

in ARP4761A/ED-135

Assumptions made while accomplishing the effect evaluation of each failure condition have been captured and numerically
identified for reference. Table E10 presents the assumptions analysis made during the development of this functional hazard
assessment. These assumptions were confirmed through the development process and the confirmation communicated
back to the SFHA process.
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Table E10 - SFHA assumptions

Assumption
Identifier Description
SASP 1.1-1 Loss of 80% or more of deceleration capability is considered a total loss of the deceleration means.
SASP 1.1-2 Failure Conditions are assessed on wet runway conditions.
SASP 1.1-3 RTO is considered an operational condition caused either by an external event or by a system failure
) (annunciated or perceived by the flight crew) during takeoff run.
SASP 1.1-4 The flight crew will not initiate an RTO due to an annunciated failure of the deceleration function after V1.
SASP 1.1-5 Taxi is performed at groundspeeds below 30 knots.
SASP 1.1-6 Overrunning the runway length at or above “XYZ” knots is considered a high speed overrun.
SASP 1.1-7 Overrunning the runway length below “XYZ” knots is considered a low speed overrun.
SASP 1.1-8 Failures of deceleration capability will be detected and annunciated by on-board systems.

E.4.6 Wheel Brake S

Initial WBS requiremen
requirements associate
requirements were assi
regulations.

Table E11 illustrates t
architecture for use in
decisions from past exp
WBS architecture. The
requirements is describ

At this stage of requir
Authority. The certificati
subcontractor.

The WBS requirement
requirements allocation

+ R H 4
yoLCTIT TATUYUITTITITTIS

ed in E4.7.

s were captured by the allocation of the WBS-related airplane functional re
d with these functions, and the associated functional interfaces. to the
jned to the WBS either by decomposing airplane-level certification requirem

ne functional and certification requirements allocated 40 WBS in order

the safety analysis defined in ARP4761A/ED-135 Appendix Q. The tabl
erience and additional functions derived from the gettification requirements
source column provides additional context for_ the traced from content. 1

bments development, not all certification\ requirements were agreed upo
bn requirements were finalized after the WBS architecture was agreed to by

et was provided at this point-in-sufficient detail so that the SFHA procesg
and derivation process continued parallel to the safety analysis.

(quirements, the derived
WBS. The certification
ents or directly from the

o define initial system
e also contains design
in order to set an initial
he validation for these

h with the Certification
he OEM and applicable

could commence. The

Table E11|- Initial Wheel Brake_ System requirements WBS-0001-103 - Version 1.9 (excerpt)
Requirement Associated Function (if
Number Requirement Applicable) and the FDAL Traced From Source
The Wheel Brake System shall have a Decelerate the wheels on S18 Airplane
S$18-WBS-R-0020 meas to decelerate'the wheels on the round S18-ACFT-R-110( Requirements
ground. 9 Specification
The WheelBrake System shall be
capaple. of decelerating the S18
airplaneto’a complete stop/to taxi .
S18-WBS-R-0021 speed 2000 festwhen wheet brakes, D';:Zd S-on Derived ftl?j airplane trade
high lift speed brakes and reverse thrust 9 Y
are available, including when at
maximum landing weight.
The Wheel Brake System shall provide Decelerate the wheels S18 Airplane
S18-WBS-R-0041 directional control on ground by a differentially for directional S18-ACFT-R-0182 | Requirements
differential braking function. control Specification
The Wheel Brake System shall provide Prevent airplane motion S18 Airplane
S18-WBS-R-0042 a parking brake to prevent airplane P S18-ACFT-R-0183 Requirements
) when parked e
motion on the ground. Specification
The Wheel Brake System shall provide Decelerate the wheels on S18 Airplane
S18-WBS-R-0043 autobraking capability during landing S18-ACFT-R-1120 | Requirements
ground e
and RTO. Specification
. S18 Airplane
S18-WBS-R-0044 Thg W_heel Br_ake System shall provide Decelerate the wheels on S18-ACFT-R-1130 | Requirements
anti-skid braking. ground e
Specification
The Wheel Brake System shall provide Decelerate the wheels on S18 Airplane
S18-WBS-R-0045 . S18-ACFT-R-0184 | Requirements
hydraulic brake control. ground Specification
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Requirement Associated Function (if
Number Requirement Applicable) and the FDAL Traced From Source
The Wheel Brake System shall override Decelerate the wheels on S18 Airplane
S18-WBS-R-0046 the autobrake when commanded by the ground S18-ACFT-R-0185 | Requirements
flight crew. Specification
The Wheel Brake System shall meet
safety requirements while operating in S18 Airplane
g o an average atmospheric radiation Protect against Single Event ) o )
S18-WBS-R-0047 | ¢vironment per the IEC 62396 Effects (SEE) S18-ACFT-R-0186 zegé‘i}riig;;”f
standard with an altitude of 40000 feet P
and a latitude of 45 degrees.
Design decision made
to decrease the pilot
Wheel Bfake System shall be controlled Decelerate the wheels on . workload and fulfill the
S18-WBS-R-0049 and monitored by a computer system Derived . .
. ground brake functions like
called the Brake System Control Unit.
autobrake,
annunciation, anti-skid
EacH wheel shall have its own hydraulic | Decelerate the wheels on . Design architecture
S18-WBS-R-0050 circ:lt. ground Derived decision
Each hydraulic Wheel Brake System . .
S18-WBS-R-0052 circult shall have meter valves, anti-skid Decelerate the wheels on Derived Deglgn architecture
. ground decision
valvgs and hydraulic fuses.
Anti-gkid system shall be capable to . .
S18-WBS-R-0055 prevént skidding of the tires by reducing Decelerate the wheels on Derived Deglgn architecture
: ground decision
the pressure applied to the brakes.
Whegl Brake System shall include an Decelerate the wheels on S18 Airplane
S18-WBS-R-0062 emergency accumulator to supply S18-ACFT-R-1551 Requirements
hydraulic power to the wheel brakes. ground Specification
g Y The ¢mergency accumulator shall be Decelerate the wheels‘on . Design architecture
S$18-WBS-R-0065 capaple of providing 2000 psi. ground Derived decision
The Alternate/Emergency Brake S18 Airplane
Systém hydraulic equipment and piping | Decelerate the wheels on A rp
S18-WBS-R-0066 . . S18-ACFT-R-1552 Requirements
shalllbe installed aft of the engine 1 ground e
. Specification
UERF trajectory envelope.
No s|ngle failure or event shall cause S18 Airplane
S18-WBS-R-0120 the gomplete loss of hydraulic power for | Decelerate the wheels on S18-ACFT-R-155( Requirements
both the WBS Normal and dground Specification
Alterpate/Emergency Brake Systems. P
The Wheel Brake System decelerate Decelerate the wheels on S18 Airplane
S18-WBS-R-0100 the wheels on the ground functiofh.shall ground S18-ACFT-R-0933 Requirements
be d¢veloped as FDAL A. Specification
Complete loss of decelerate the wheels Decelerate the wheels on S18 Airplane
S18-WBS-R-0150 on the ground function shall-be less round S18-ACFT-R-1384 Requirements
probable than 1.0E-Q7:fora landing. 9 Specification
Two fedundant controllanes shall be S18 Airplane
S18-WBS-R-0200 [’Jrr?i‘t"C:fglj’)e;‘;”gi’;é?]eofﬁ‘:?;frake Decelerate on ground S18-ACFT-R-1600 | Requirements
Alterpate/Emergency Meter Valves. Specification
(Editor’'s Note: Due to tirecomptexity of threrequirermiert tapturing process, 1ot att requirerrreritsare shown here but some

requirements related to the “Decelerate the wheels on the ground” function are shown to explain the process.)

(Editor's Note: The generic wording of requirement S18-WBS-R-0047 does not imply nor assume that the WBS is
commanding braking during flight at high altitude. The expressed need is that the WBS should withstand the specified
environment without impacting compliance to its safety requirements, considering that atmospheric radiation encountered
during flight may affect WBS equipment with lasting effects on braking functions up to and including the ground phase.)

With the initial requirements set, the architecture studies and the safety assessment process (commencing with the SFHA)
began. The requirements development process was a coupled process where the system designers deriving the
requirements worked closely with the safety engineer. The results of the requirements development and safety assessment
processes were uploaded to the requirement database. Through the architecture development and the SFHA studies the
interface requirements were clarified between the WBS and other airplane supporting functions. Section E.4.6.6 describes
how these interface requirements were derived from these studies.
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E.4.6.1 Initial Wheel Brake System Architecture Concept

(Editor’s Note: Normally an architecture or design document includes the description of the system and its interfacing
systems. While there is no recommended method to capture and document the system architectures, for the purposes of
this example, the output of this process consists of architecture diagrams.)

The system functional requirements as shown in Table E11 were used in conjunction with the high-level interface logic
diagram, Figure E8, to help the team develop the initial architecture concept.

MY

Egilt(;eolsg:;eerlns - Sct Autobrake Modge—

—

Autobrake Command

Left Brake Pedal Position Left Brake Pedal’Push

@ Right Brake Pedal Position Pedals <@ pioht Braké-Pedal Push Human

Whegel Brake
ystem \ ]
Wheel Speed
Brake Status
In Air/On Groun
Wheel Speed
Apply Braking Force
(including anti-skid)
to Wheels
Avionics, Ground In Air/On Ground Status
heels Weight-on-Wheels Detection, Airframe, System Status
Status and other aircraft Status Messages
systems
Apply Stopping
Force to Gear
Apply Friction
Forcg to Wheels Apply Stopping
Landing Gear Fgrce to
Airframe

Note: There are common
resources (power, etc.) which,
for the sake of brevity, are not

C strowmon this diagram.

Hurmway

I—

Figure E8 - High-level interface diagram

As part of a design decision made to decrease the pilot workload and fulfill the brake functions like autobrake, annunciation,
and anti-skid, the following new requirement was introduced as S18-WBS-R-0049 in Table E11:

The WBS shall be controlled and monitored by a computer system called the Brake System Control Unit (BSCU).
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In addition to a BSCU, the WBS consists of:

Shutoff Valve: The Shutoff Valve (SOV) responds to commands from the BSCU to apply hydraulic pressure to the brake

discs. The SOV is used to switch from the Normal Brake System to the Alternate/Emergency Brake System, when the
BSCU becomes unable to control the Normal Brake System via the Normal Meter Valve (NMV).

Selector Valve: The Selector Valve connects the HYD 2 supply to the Alternate/Emergency Brake System and removes

the HYD 1 supply to the Normal Brake System when the HYD 1 pressure falls below a threshold value, either from loss

elf or from its removal by the BSCU due to the presence of faults.

Normal Meter Valves: The function of the NMVs is to control pressure in the Normal Brake System to the demanded

level and to provide regulation for the anti-skid function while the WBS is in the NORMAL Mode. The NMVs are
controlled by the BSCU, which receives electrical brake pedal position inputs from the EBU.

a.

b.
of HYD 1 supply its

C.

d. Emergency Accum
Alternate/Emergen
pressure for the re
emergency accumu

e. Alternate/Emergen
Alternate/Emergen

or EMERGENCY
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to the brake pads
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ALTERNATE or EM
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lator also supplies hydraulic pressure for the parking brake functiohs
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Figure E9 - High-level Wheel Brake System architecture
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Legend
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es hydraulic
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E.4.6.1.1 Wheel Brlake System Architectural Decisions Based on Safety Requirements

Figure E9 - High<level Wheel Brake System architecture (continued)

h-level architecture has been established, it was re-evaluated against the
asses of requirements that have been identified thus far. This architecture w
e PSSApracess for initial evaluation from a safety perspective.

system-level functional,
hs passed to the system

The WBS safety assessment process began as soon as the systems design team had an initial architecture concept (WBS
ARCH 1). The team analyzed the initial architecture concept against the requirements input from the airplane level and the
safety objectives from the AFHA.

The proposed safety requirement from PASA “[FF1.1] Complete loss of wheel brake shall be less than 1.0E-07 for a landing”
was based on PASA results that the loss of brake commands needs to have a probability lower than 1.0E-07. Safety analysis
of the initial architecture relative to this safety requirement identified a need for architectural mitigation. The system design
was modified to include two redundant BSCU commands in order to meet the loss of function requirement.

As a result of the analysis, the following requirement was added to the requirements database along with justification
information: “S18-WBS-R-0509: The WBS shall have dual BSCU command functions.”
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E.4.6.1.2 Modified Wheel Brake System Description

Braking on ground is commanded manually, via brake pedals, or automatically (autobrake) without the need for pedal
application. The autobrake functionality allows the pilot to pre-arm the deceleration rate prior to takeoff or landing. Autobrake
is only available in NORMAL Mode.

Based on the requirement (S18-ACFT-R-1385) that loss of all wheel braking was less probable than 1.0E-07 for a landing,
a design decision was made that each wheel has a brake assembly operated by two independent sets of hydraulic pistons.
One set is operated from the HYD 1 hydraulic supply and is used in the NORMAL Mode. The Alternate/Emergency Brake
System is on standby and is selected automatically when the Normal Brake System fails. It is operated independently using
the HYD 2 hydraulic power supply and is backed by an emergency accumulator which is also used to drive the parking
brake. The emergency accumulator supplies the Alternate/Emergency Brake System in the EMERGENCY Mode, when the
HYD 2 supply is lost and the NORMAL Mode is not available. Switch-over is automatic under various failure conditions, or
can be manually selected. Reduction of HYD 1 pressure below a threshold value, either from loss of HYD 1 supply itself or
from its removal by th € presence of raults, causes an automatic selector vaivg to connect the HYD 2
supply to the Alterndte/Emergency Brake System. An anti-skid function is available tin/[both the normal and
alternate/emergency brake systems, and operates at all speeds greater than 2 m/s.

In the Normal Brake System, all eight wheels are individually braked from their own servo valves,|which are also used to
apply anti-skid. In the Alternate/Emergency Brake System, a dual meter valve providés a low pressure hydraulic braking
input via four servo valves which provide the anti-skid function to four pairs of wheels))Operation of the Alternate/Emergency
Brake System is preclufled when the Normal Brake System is in use to maintainindependence between the two systems.

In the NORMAL Mode, the brake pedal position is electrically fed to the BSCU. This in turn produces corresponding control
signals to the brakes. In addition, the BSCU monitors various signalsiwhich denote certain critidal airplane and system
states, to provide propgr brake system functionality and improve fault’tolerance, and generates warnings, indications and
maintenance information to other systems.

E.4.6.2 Wheel Brake|System Architecture Trade Studies

(Editor’s Note: The maip body does not include guidelines'to perform trade studies during the devélopment of an airplane.
However, since trade dtudies can often help to find and optimize solutions to design problems, the S18 WBS team has
decided to perform ong to help refine the systeni architecture. There are many methods and prqcedures for performing
trade studies and the main body does not prescribe or recommend any particular method or prqcedure. Therefore, this
example does not show the details of the trade\study. Instead this example shows only the results and how the results were
utilized to finalize the alchitecture with which the development will continue. It should be noted that the parameters in the
trade study results are gxamples of possible parameters. The inputs to and the outputs of a real trade study depend upon
the system at hand, environment in which the development is taking place, the business, and numerous other factors.)

A trade study ensued tg@ evaluate oeptions for achieving dual BSCU command functions. Considerations for the trade study
included:

a. Where to install twq Line Replaceable Units (LRUs)

b. Cost of two LRUs versus cost of one LRU with two systems
c. Potential common causes of two LRUs versus one with two systems
d. How will the two systems coordinate with each other

The safety and development teams examined architecture options in a trade study, summarized in Figure E10, that helped
determine the optimized architecture. Once the architecture was selected, system development continued the requirements
development process, allocating system-level requirements to system components. This architecture continued to be
analyzed and had the potential to change until the requirements were validated. To ensure a successful development life
cycle, it was important that architecture at this point was firm enough to ensure that future changes have little or preferably
no impact on other systems. Therefore the validation of interface requirements was thorough and completed fairly early in
the requirements validation process.
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After two candidate architectures (WBS ARCH 2 and WBS ARCH 3) that met safety objectives were downselected, the third
WBS architecture (WBS ARCH 3) from the trade study was selected and specified to the BSCU supplier. The associated
BSCU architecture, referenced as “iteration 1” in Figure E11, was carried forward in this example. This BSCU architecture
consists of one BSCU, which houses two independent command channels.

System Architecture

WBS ARCH2 (2 BSCU)

WBS ARCH3 (1 Dual BSCU)

Uses the following facts:

wheel braking system design

1) All costs are based on system supplier rates
2) Arch 2 is based on reuse of previous S-18
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OEM Cost
Non-Recurring Cost SX Sy
Recurring Cost
Price per Aircraft SX1 SY1
Manufaturing per Aircraft (ROM) SX2 SY2
[otal Recurring SX3 SY3
System Characteristics WBS ARCH2 (2 BSCU) WBS ARCHB (1 Dual BSCU)
Number of Line Replaceable Units X Y
System Weight in kg X Y
in Ibs X Y
Power Consumption in W
Installation Hours (Hrs) X Y
Difficulty of installation X Y
3 - Note due tg location of second BSCU and interconnect
(1 Difficult - 10 Easy) switches 6
Technical
FAR 25.735 Compliant Yes Yes
Meets Safety Objectives Yes Yes
Certification Risk Low Low
Reliability / Maintainability WBS ARCH2 (2 BSCU) WBS ARCHB (1 Dual BSCU)
MTBF
System in flight hours X Y

Figure E10 - Wheel Brake System architecture trade study summary
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E.4.6.3 Provide Outputs to Wheel Brake System PSSA Process

The development process provided WBS functions, WBS requirements, WBS architecture, and WBS function allocation to
the WBS PSSA process. The WBS functions, requirements, architecture, and function allocation are shown in E.4.4, E.4.6,
E.4.6.2, and E.4.4, respectively.

E.4.6.4 Wheel Brake System PSSA Assumptions and Proposed Safety Requirements

As described in main body 5.2, the WBS functions were assigned FDALs applied to the various development processes
associated with each function. The required FDALs for the WBS functions were derived from failure conditions and
classifications provided by the WBS SFHA. Assignment of FDAL to functions within the WBS was done as part of the
ARP4761A/ED-135 PSSA process.


https://saenorm.com/api/?name=97a561e1a07c5a9ad83e78481cb2ea93

SAE INTERNATIONAL

ARP4754™B

Page 137 of 172

The WBS PSSA process determined that the WBS functions responsible for “Decelerate the Wheels on the Ground”

required FDAL A.

Lower-level proposed safety requirements were identified through the analyses carried out during the WBS PSSA process.
The requirements, shown in Tables E12 and E13, were identified and passed down for assessment at the BSCU level. The
reassessment at the BSCU level confirmed the proposed design satisfied the lower-level safety requirements identified.

Table E12 - Proposed independence requirements (WBS PSSA outputs)

Ref No. Proposed Independence Requirement

1 Airplane electrical power 1 independent from airplane electrical power 2

2 NORMAL Mode braking function independent from ALTERNATE Mode braking function, for total loss failure condition.

3 The NMVs and their control are independent from the SOV and its control such that no single failure results in
uncommanded_ braking

Proposed independenc
0120 and S18-WBS-R-
requirement 1 was outs

e requirements 2 and 3 were applicable to the WBS. Therefore, safetyyreq
D326 were created in coordination with the safety team (see Table . E19). R
ide the scope of the WBS and airplane requirements flowdown was not tra

requirement. This was @n assumption communicated to the airplane development process. In add

requirement was decon
power.

posed into WBS requirement S18-WBS-R-0130 to maintainindependence

Table E13 - Proposed safety requirements (WBS PSSA outputs)

Lirements S18-WBS-R-
roposed independence
ceable to this proposed
tion, this independence
vith respect to electrical

Ref No. Proposed Safety Requirement

1 The probabili y of BSCU failure resulting in loss of a valid braking command output to the NMV shall not exceed 2.0E-04
per flight.

2 The probabilify of BSCU failure resulting in unannunciated erroneous braking command to the NMV shall not exceed
2.0E-04 per flight.

3 The probabilify of BSCU failure resulting in the loss*of command to open the SOV shall not exceqd 2.0E-04 per flight.

4 The probabilify of BSCU failure resulting in unintended closure of the S/ASV shall not exceed 2.0E-04 per flight.

5 The SOV and NMV commands shall be provided by the BSCU upon loss of either airplane electrical power input.

6 When “HYD 1 Enable” output is enabléd, then “Alt/Emer Ctrl” output shall be disabled.

7 When “HYD 1 Enable” output is disabled, then “Alt/Emer Ctrl” output shall be enabled.

8 No single failire shall cause errongous NMV command and inhibit the SOV function.

9 The wheel brake command.function of the BSCU shall be developed to FDAL A.

The WBS PSSA proces also identified assumptions shown in Table E14 used in the safety assessment that were managed

by the system developn

nent_process.

—TFable-E+4—Safety-assessment-assumptions-(WBSPSSAoutputs)—

Ref No.

Safety Assessment Assumption

The probability of “Loss of Normal Braking System Hydraulic Equipment” will be less than 3.3E-05 per flight.

The probability of “Loss of Alternate Braking System Hydraulic Equipment” will be less than 3.3E-05 per flight

The probability of 7 or more wheel speed sensors erroneous or inoperative will be less than 1.0E-07 per flight.

The probability of loss of an airplane electrical power bus will be less than 1.0E-04 per flight.

The probability of loss of a Left brake pedal position input will be less than 1.0E-04 per flight.

Airplane electrical power bus 1 is independent from airplane electrical power bus 2.

N|[ojoa|h[wWwIN|-~

HYD 1 hydraulic system is independent from HYD 2 hydraulic system.

Assumptions 1 and 2 were applicable to the WBS, therefore safety requirements S18-WBS-R-6111 and S18-WBS-R-6112
were created to capture assumptions 1 and 2. Assumptions 3 through 7 were outside the scope of the WBS; these
assumptions were communicated to the airplane development process.
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