AEROSPACE AIR6110™ REV. A
INTERNATIDNALS INFORMATION REPORT Issued 2011-12

Reaffirmed 2020-02
Stabilized 2024-03

Superseding AIR6110

Contiguous Aircraft/System Development Process Example

RATIONALE

This technical report is being stabilized following the release of ARP4754B. Appendix E of ARP4754B contains an updated
version of the contiguous example which has been coordinated with ARP4761A Appendix Q. AIR6110 is still valid for use
with ARP4754A, and it is not expected to be updated in the future.

STABILIZED NOTICE
This document has been declared “STABILIZED” by SAE S-18 Aircraft and Sys Dev and Safety Assessment Committee

and will no longer be subjected to periodic reviews for currency. Users are responsible for verifying references and continued
suitability of technical requirements. Newer technology may exist.

SAE Executive Standards Committee Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is
entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and
suggestions.

Copyright © 2024 SAE International

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of SAE. ™

| =4

TO PLACE A DOCUMENT ORDER: Tel:  877-606-7323 (inside USA and Canada) : AR i
Tel:  +1724-776-4970 (outside USA) For more information cn i1 StaE)%ardE‘%s%iparing ub
Fax:  724-776-0790 https://www.sae.orq/standards/content?M ﬂ
Email: CustomerService@sae.org

SAE WEB ADDRESS: http:/lwww.sae.org

Full document details: SAE AIR6110A


https://www.sae.org/standards/content/PRODCODE/
http://www.avadocuments.com/doc/sae-air6110a
http://www.avadocuments.com/doc/sae-air6110a

SAE INTERNATIONAL AIR6110™A Page 1 of 107

FORWARD

ARP4754A/ED-79A contains information which places the information in this AIR in context. This AIR should be used in
conjunction with the main body and the appendices of ARP4754A/ED-79A. In addition, this example shows the
interrelationships with ARP4761.

1. INTRODUCTION
1.1 Scope

This AIR provides a detailed example of the aircraft and systems development for a function of a hypothetical S18 aircraft.

In order to present a clear picture, an aircraft function was broken down into a single system. A function was chosen
which had sufficient complexity to allow use of all the methodologies, yet was simple enough to present a clear picture of
the flow through the process. This function/system was analyzed using the methods and tools described in
ARP4754A/ED-79A. The aircraft level function is “Decelerate Aircraft On Ground” and the system is the braking system.
The interaction of the braking system functions with the aircraft are identified with the relative importance based on
implied aircraft interactions and system availabilities at the aircraft level. This example does not include validation and
verification of the aircraft level hazards and interactions with the braking system. However, the principles used at the
braking system level can be applied at the higher aircraft level. The methodologies applied here are an example of one
way to utilize the principles defined in ARP4754A/ED-79A. The function chosen was the braking system. Other formats
may be used to accomplish the documentation, so long as the principles outlined in ARP4754A/ED-79A are followed.

This example contains references to documentation that a company may use to assure itself of the safety of its products
but does not include the documentation that the Original Equipment Manufacturer (OEM) would be required to submit at
the aircraft level for aircraft certification. Some of these documents are submitted to the regulatory agencies for the
purpose of certification (e.g. the Wheel Brake System FHA). Other documents are internal to the company and not
required to be submitted for certification. No implication is made that these documents should be submitted to a
regulatory agency and none should be implied, although all documents should be available for submission if requested by
the regulatory agency. Safety and Certification are not synonymous terms. The example shows the systems engineering
process as applied to the development of an aircraft, including some processes that are beyond certification
requirements.

Figure 1 depicts the flow of activities within this example. This figure provides a guide to the structure of this AIR and
should allow the reader to quickly find specific areas within the example using the cross references.
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Figure 1 includes the top aircraft level tasks to provide the reader a reference point. The detailed example in Section 3 of
this AIR covers only the activities related to the braking system. Figure 1 presents a sequence of activities found in a
typical development program. In a real development program, the development process is usually far more complex. For
example, in a real development program, development of the different levels (aircraft, system and item) often occurs
concurrently, rather than serially as depicted in example flow.

The top row of Figure 1 represents the activities that will occur within the aircraft development. The middle row
represents the activities that occur within the wheel brake system development. The bottom row represents the activities
that are covered for the subsystem-level Brake System Control Unit (BSCU) development, as well as the integration and
verification activities at the higher levels.

The Figure 1 example flow also shows where major artifacts from the System Safety Process (ARP4761) will be utilized.
The example flow shows how the sections and artifacts are laid out and represents the step by step process detailed in
ARP4754A/ED-79A. In a real development program, the System Safety Process occurs concurrently with
ARP4754A/ED-79A, constantly receiving inputs from the ARP4754A/ED-79A process and providing feedback to
ARP4754A/ED-79A processes.

Figure 1 also shows a box titled Integral Processes to illustrate to the reader that the integral processes are utilized
throughout the development process. The reader is encouraged to use this example flow diagram to help navigate the
example. This will allow the reader to either read the example in its entirety or use it as a quick reference guide in order
to quickly find the desired section.

1.2 Document Format
This AIR contains the following sections and appendices:

Section 1 is an introduction to the document, giving the scope, format, references to other documents, an acronym list,
and a description of the example aircraft function being developed.

Section 2 describes the overall example aircraft development process, focusing on activities leading to the development
of the braking system. The hypothetical aircraft in this example is introduced and its basic requirements are given.
Aircraft-level planning documents are identified. Top-level aircraft functions are decomposed to determine the functions
required of the braking system. The aircraft level safety assessment process, including the aircraft FHA and the
Preliminary Aircraft Safety Assessment (PASA), is conducted. The PASA assigns development assurance levels to
aircraft functions. These functions are allocated to the braking system as part of the overall aircraft architecture. Aircraft
requirements relevant to the braking system are validated. The braking system is integrated and validated with the other
systems on the aircraft. (Note: PASA is introduced in ARP4754A/ED-79A, but detailed guidance for completing it awaits
the release of ARP4761A. This AIR does not conduct the PASA; it just uses its results).

Section 3 contains the detailed example development process for the braking system. The system is introduced and its
planning elements are identified. System functions and requirements are developed. The system safety assessment
process, including the system FHA, PSSA and SSA, is conducted. The braking system architecture is developed and
selected from among candidate architectures on which trade studies have been conducted. The PSSA leads to
assignment of the development assurance levels for the Braking System Control Unit and the other systems and items
comprising the system architecture. Braking system requirements are captured and derived requirements are identified.
Interface requirements are identified both external to the system and between the items of the system. Requirements are
allocated to the items, and the system requirements are validated. System integration, process assurance and
configuration management examples are given.

Section 4 describes the verification of the braking system and the associated aircraft-level verification of the system as
installed on the aircraft.

Appendix A is an example of an aircraft-level development plan.

Appendix B is an example of a braking system requirements management plan.
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Note: For the sake of brevity, the appendices contain only a subset of the plans which would be generated for an aircraft
development program.

This AIR contains a number of artifacts (documents, tables, etc.) that would be produced by following the process in
ARP4754A/ED-79A. These artifacts are enclosed in boxes to distinguish them from explanatory text.

Editorial comments are provided in italics. Where necessary, the reader is directed to the appropriate section of
ARP4754A/ED-79A or ARP4761 for further guidance on the process involved.

If there are any differences between this AIR and ARP4754A/ED-79A, ARP4754A/ED-79A will take precedence.

2. REFERENCES

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications
shall apply. The applicable issue of the other publications shall be the issue in effect on the date of the purchase order. In
the event of conflict between the text of this document and references cited herein, the text of this document takes
precedence. Nothing in this document, however, supersedes applicable laws and regulations unless a specific exemption
has been obtained.

The following documents are referenced in this AIR. Reference to 14CFR herein implies reference to equivalent CS
regulation.

2.1 SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside
USA and Canada) or 724-776-4970 (outside USA), www.sae.org.

ARP4754A Guidelines for Development of Civil Aircraft and Systems

ARP4761 Guidelines and Methods for Conducting the Safety Assessment Process on Civil Airborne Systems and
Equipment

2.2 Code of Federal regulations (CFR)

Available from the United States Government Printing Office, 732 North Capitol Street, NW, Washington, DC 20401, Tel:
202-512-0000, www.gpoaccess.gov.

14CFR 25.1309/ CS 25.1309
14CFR 25.735/CS 25.735
2.3 EUROCAE Publications

Available from EUROCAE, 102 rue Etienne Dolet, 92240 Malakoff, France, +33 1 40 92 79 30, www.eurocae.net.

ED-79A Guidelines for Development of Civil Aircraft and Systems
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FIGURE 1 - EXAMPLE FLOW
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2.4  Acronym List

A/C

ACCU

ALT

APU

AS

ASA

BSCU

C

CAT lllb

CCA

Cl

CMA

CMD

COM

COMP

CPU

CSMG

ECS

ELEC

EMI

FDAL

FFS

FHA

F.R.

FTA

HIRF

Aircraft

Accumulator

Alternate

Auxiliary Power Unit

Anti Skid

Aircraft Safety Assessment

Blue Hydraulic System

Brake System Control Unit
Capacitor

Category 3b All Weather Landing System
Common Cause Analysis
Configuration Item

Common Mode Analysis
Command

Command (Channel)
Computation

Central Processing Unit
Constant Speed Motor Generator
Environmental Control System
Electric

Electromagnetic Interference
Functional Development Assurance Level
Functional Failure Set

Functional Hazard Assessment
Failure Rate

Fault Tree Analysis

Green Hydraulic System

High Intensity Radiated Fields

Full document details: SAE AIR6110A
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HYD

ICD

IDAL

IO

LorLH

LRU

MLG

MON

MT

NLG

NORM

OEM

PAMB

PASA

PCU

POS

P/S

PR

PRA

PSSA

PTU

PWM

PWR

R or RH

REF

RTO

Hydraulic

Integrated Circuit

Interface Control Document

Item Development Assurance Level
Input/Output

Left or Left Hand

Line Replaceable Unit

Main Landing Gear

Monitor

Periodic Maintenance Task

Nose Landing Gear

Normal

Original Equipment Manufacturer
Ambient Pressure

Preliminary Aircraft Safety Assessment
Power Control Unit

Position

Power Supply

Problem Report

Particular Risk Analysis

Preliminary System Safety Assessment
Power Transfer Unit

Pulse Width Modulator

Power

Right or Right Hand

Resistor

Right

Reference

Rejected Takeoff

Full document details: SAE AIR6110A
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SIT System Integration Test

SSA System Safety Assessment

STBY Standby

SYS System

vDC Volts Direct Current

V1 Speed above which the aircraft cannot be safely stopped on remaining runway
WBS Wheel Brake System

ZSA Zonal Safety Analysis

2.5 Description of the Example Function

The aircraft function analyzed is: “Decelerate aircraft on the ground (stopping on the runway)’. This example
acknowledges other aircraft systems involved in decelerating the aircraft, but for clarity concentrates on the aircraft
braking system, the details of which are evolved through the following example approximately as they would in a real life
situation.

The “Decelerate aircraft on the ground (stopping on the runway)” function, which is also used as the ARP4761 example,
was intentionally selected to show the interrelationships between ARP4754A/ED-79A (system development process) and
ARP4761 (system safety assessment process).
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3. AIRCRAFT DEVELOPMENT PROCESS
3.1 Aircraft Introduction

The aircraft development process includes the development of the aircraft level functions, requirements, and architecture
for the S18 aircraft. The purpose is to develop a complete list of aircraft requirements, determine a proposed aircraft
design that can reasonably satisfy the requirements, and derive the lower level requirements to be considered in the
design of the aircraft systems and lower level systems and items.

This AIR describes, in detail, a contiguous example of the design development process for the S18 aircraft braking
system. In addition, the goal is to show the relationship between ARP4754A/ED-79A and ARP4761. In order to present a
clear picture, some of the aircraft level tasks are provided to better understand potential interactions that may drive
requirements down to the braking system level. The function “Decelerate aircraft on the ground (stopping on the runway)”
is broken down into a single system and its items. A function is chosen which has sufficient complexity to allow use of all
the methodologies, yet is simple enough to present a clear picture of the flow through them.

3.2  Aircraft Planning Documents

An example Aircraft Development Plan is included in Appendix A.

Other examples of planning documents are included at the braking system level (see section 3.2). In a real program all
planning documents would be written at both the system and the aircraft levels as required, but only a few plans are
included in their entirety in this AIR to maintain a reasonable-sized document. Other plans are referenced as necessary.
The Aircraft Development Plan defines the development process activities and integral processes of the aircraft
development life cycle. Also included are the life cycle environment, including the methods and tools to be used for the
activities of each life cycle process, and the development standards.

See Appendix B of ARP4754A/ED-79A for the format and content of an Aircraft Safety Program Plan.

3.3 Aircraft Description

(Editor’s Note: The following aircraft flight profile was developed from an iteration of independent market
surveys, customer requests, and initial design and trade studies).

The S18 aircraft is a two engine passenger aircraft designed to carry 300 to 350 passengers up to 5000 nautical miles at
0.84 mach. The average flight duration is 5 hours.

The aircraft concept of operations led to the aircraft mission specification, which then led to preliminary aircraft sizing and
preliminary aircraft design.

The S18 aircraft concept is the result of the program concept phase and is the same as that used in the ARP4761
example appendix. The S18 aircraft was developed by finalizing different high level aircraft mission profiles. The aircraft
mission profiles will generally be developed from the marketing and business decisions made during these initial

marketing efforts. The aircraft concept development could be the finalization of the different high level aircraft mission
profiles, some of which include:

e High level aircraft requirements (payload, range, etc.)
o Tradeoff between aircraft that flies faster versus an aircraft that consumes less fuel

o Tradeoff between aircraft that predominately supports hub and spoke versus point-to-point operations

For the sake of brevity, these tradeoffs are not included in the example.
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3.4  Aircraft Functions

The S18 aircraft needs to perform the following “basic” aircraft level functions as shown in Figure 2. There can be many
other “customer” required functions.

The aircraft FHAs from SAE’s previous aircraft program were used as a checklist when developing the aircraft level
functions. This helped the SAE team to ensure that functions were not missed and to shorten the aircraft function
development time. The aircraft level functions were captured from various sources including the Aircraft Level
Requirements Document, Safety Program Plan, and Aircraft Level Certification Plans.

Airplane Level Functionsl

1. Pruowi de P1uoviude: 6. Provide Power 7. Provide Loading,
Structural Control in the Generation & Maintenance, Ground
Inteyn ity Ail Dislribtiun Hardling & Ovocupant
I Accommodation
2 Provide 3 Provide 4. Provide b Provide a 2 Provide
Stahility & Control of Operational Controlled Control on the
Control Energy Awareness Environment Ground
— — — —
Cortrol Pich | b= Cortrol Thrust ] Situstional | [ Cortrol — Cortrol Speed
LN g e Temperature
- Frimarsy Flight
Control Roll | CDntDr?;Llﬁ L — Diata D isplay :
: Communicationy Provvide —||:nrrtrn| Direction
Gontrol ey & Mavigation b Bresthable
Environment
Flight Cortrol Movareness of Landing Gear
Augmentstion | Emergency _| Pressurization I Extension &
Retraction
Atomatic Fligh_t| —| Conficuration | Emercency
Cu:ul_'ltrDI £ Rrevention &
Glidance Managemert

FIGURE 2 - AIRCRAFT LEVEL FUNCTIONS

(Editor’s Note: The example focuses on a sub-function of the “Provide Control on the Ground” function,
specifically, the “Control Speed” function. Note that there can be more than one level of aircraft function
decomposition).
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3.4.1  Aircraft Functional Decomposition

The S18 aircraft level functional decomposition for “Control Speed”, which is a second level function of the first level
aircraft function “Provide Control on the Ground”, is shown in Figure 3.

Provide Control On
Ground

L Control Speed

L Decelerate aircraft on the
ground (stopping on the

runway)

Provide Primary
Stopping Force

Provide Secondary
Stopping Force

Decrease Lift / Create
Drag / Enhance Braking
Effectiveness

Remove Forward
Thrust

Transfer Stopping
Forces to Structural
Integrity Components
(i.e. Landing Gear)

FIGURE 3 - DECOMPOSITION OF PROVIDE CONTROL ON GROUND FUNCTION

(Editor’s Note: To the maximum extent possible, the functions should be independent of the design. For
example, there are several different design solutions which could be used to provide stopping forces. The
determination of the allocation to the system will be completed as part of the trade studies, etc.).

3.5 Aircraft Requirements

(Editor’s Note: The development of aircraft requirements starts with the certification requirements and
market/technology research. These requirements establish preliminary (initial) requirement sets. Usage of
“know how” from previous programs expands this preliminary (initial) requirement sets to a degree sufficient for
initial architecture trade studies. With the ongoing trade studies the requirements get enough maturity to start
the safety assessment. Safety assessment results are used to derive safety requirements for the aircraft. During
the requirements development life cycle special care should be focused on the validation of each requirement.
As it will be explained in more detail in the following chapters, the validation activities start along with the
requirement development process. This example is focused on some of the requirements related to the Wheel
Brake System. It is organized to show how a requirement is flowed down with traceability from the aircraft level
to the system and system interface level, and to the hardware and software item level).
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3.5.1 Sizing to Landing Distance Requirements

The S18 aircraft and its systems are “sized” for the intended mission. To provide a general idea of what takes place
during the high level aircraft definition, examples of the factors that translated the function “Decelerate aircraft on the
ground (stopping on the runway)” into a quantified requirement included the following:

e Landing Weight

Approach speed

e Deceleration method used

e Flying qualities of the aircraft

e Pilot technique

e Assumed environmental conditions
o Takeoff weight (for rejected takeoff)

e V1 speed

The landing distance requirements are formulated at the maximum design landing weight of the S18 aircraft.

Tradeoffs between the Landing Weight (W) to Takeoff Weight (W+o)Ratio were made, balancing the competing interests
of the landing gear and the fuel jettison systems (landing gear weight is helped by a low W / W+o; a high W / W+, could

result in excessive fuel being required to be dumped).

In addition, trade studies were conducted to determine the systems to dissipate the kinetic energy at landing.

(Editors’ Note: Systems aircraft development, requirements development and trade studies are recursive,
iterative processes. Interface decisions will influence the systems aircraft architecture; systems aircraft
architecture decisions will influence interfaces).

3.5.2 Aircraft Requirements Traceability

The S18 aircraft requirements traceability is depicted in Figure 4 and was developed as follows: the top level aircraft
requirements, as described in Section 3.5, were decomposed (i.e. “traced down”) to the top level system requirements.
The system requirements were grouped into interface management requirements and all other system requirements. The
system requirements (including the interface requirements) were flowed down to subystems and items that make up the
higher level system. For this example, it is assumed the flow down and relationships between the braking system and
other aircraft systems will be validated and verified at the aircraft level by the aircraft manufacturer and is outside the
scope of this example.

(Editor’s Note: The other aircraft level requirements defining this aircraft would be included in this paragraph, but
are not described for the sake of brevity. The requirements need to be validated to ensure that they are
compatible and consistent with the aircraft concept of operations. This is an iterative, recursive process. Top
level requirements will need to be validated as the lower level requirements are developed and the systems
architectures are developed in further detail).

The link between the aircraft requirements and the system requirements and between the high level system requirements
and the subsystems and items requires special attention in development of the S18 aircraft. In this example, the OEM is
responsible for the aircraft level. Supplier A is responsible for the top-level Braking system. Finally, other suppliers are
responsible for some of the lower level items and subsystems (some subcontracted by the OEM and other subcontracted
by Supplier A). Therefore these links represent not only the relationship between higher level requirements and lower
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level requirements, but they also indicate where major team interfaces will be needed. To ensure the right aircraft is
developed in the manner intended, careful management of the requirements and the traceability between them is crucial.

Figure 4 is taken from the aircraft requirements specification to show the nomenclature used to identify and trace

requirements.

Aircraft Requirements

High Level System
Requirements

System Requirements
Allocated to System
ltems

Aircraft
Leve
Requirements
S18-ACFT-R
y y
System X System / Aircraft Interface
Requirements | 4 > Requirements
Specification (Inter-System)
S18-SYS-R S18-SYS-ICD

|

|

; |

System X
Item 1

System X

ltem 2

System X Interface System X
» Requirements« >
i Y (Intra-System) L

/ Legend \

 Sr—
Direct traces - Maintained

within requirement
management tool

»

Indirect traces - Traced
by reference

FIGURE 4 - AIRCRAFT REQUIREMENTS TRACEABILITY
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3.5.3 Aircraft Requirements Specification

(Editor’s Note: The following excerpt from the aircraft requirements specification shows a subset of the
requirements which will be used to trace to braking system requirements).

Requirement # Description Traced From Rationale
S18-ACFT-R-0009 | Aircraft shall have a 14 CFR Part Minimum standard required for
means to decelerate | 25.735 aircraft certification
on the ground in
accordance with
14CFR 25.735
S18-ACFT-R-0110 | Aircraft shall have Derived Technological improvements in CAT
autobrake function IlIb auto-landing capability and
market research, (report MRS18-
XXX) about the customer needs
S18-ACFT-R-0135 | Aircraft shall provide | Derived All weather operation and stability of
an anti-skid function. the aircraft during runway runs and
market research, (report MRS18-
XXX) about the customer needs
S18-ACFT-R-0184 | Aircraft shall have Derived Trade studies TS18-XXXX (not
hydraulically-driven shown in the example) determined
brake function that the hydraulic drive of brake
system is more economically
feasible than electrical systems
given the reuse of hydraulics
systems from previous SAE aircraft.
S18-ACFT-R-0185 [ The pilot shall be 14CFR Autobrake function is derived from
allowed to override 25.735(c)(2) the crew operational design
the autobrake requirement allowing override.
function.

FIGURE 5 - AIRCRAFT REQUIREMENTS SPECIFICATION (EXCERPT)
3.6  Aircraft Level Safety Assessment Process

The aircraft level functions were passed to the System Safety Process (ARP4761) to be analyzed in the aircraft level
FHAs. The aircraft level safety assessment process is a critical task in the overall safety assessment process,
culminating in a development assurance process that establishes and drives system requirements from the top down.
This requires the safety analyst to ensure the failure conditions and their associated assumptions at the aircraft level are
complete and correct to gain confidence that all the critical hazards have been captured.

3.6.1 ARP4754A Inputs to ARP4761 Aircraft Functional Hazard Assessment Process

The functions which are developed as part of the aircraft function and functional decomposition in ARP4754A/ED-79A
provide the inputs to the Functional Hazard Assessment process in ARP4761. For the purpose of this example, the FHA
will be conducted on the “Decelerate Aircraft on the Ground” function, which was identified during the functional
decomposition in 3.4.1.
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3.6.2 Aircraft Functional Hazard Assessment (FHA)

An aircraft functional hazard assessment is the root of a process that is conducted for each of the aircraft first-level
functions identified in section 3.4 but, as stated earlier, this example will focus on one of these aircraft functions, “Provide
control on ground” and its associated second-level function “Control speed”. The functional breakdown depicted in
section 3.4.1 for the second-level function “Control speed” identifies the aircraft level function “Decelerate aircraft on the
ground (Stopping on the runway)” as the starting point for the failure condition identification phase.

The failure conditions identification phase for this function is conducted in accordance with ARP4761, which outlines the
process for discovery of all the possible failure modes and combinations of failures, addressing both loss of or malfunction
of a function. This process is aided by an understanding of the overall aircraft-level functional requirements. This is
especially true when the effect of a certain failure depends on the integration and interaction of another function (such as
would be the case for the “Air/Ground Determination” function where a number of aircraft-level functional failure
conditions are dependent on this function). The ARP4761 assessment process is utilized to gain an understanding of all
the potential failure modes, assumptions made and contributing factors influencing the effects each failure condition has
on the aircraft and its occupants.

Areas/factors of consideration in the assessment of each failure condition associated with the aircraft function “Decelerate
aircraft on the ground (Stopping on the runway)” would include:

e Environmental conditions (e.g. weather, runway surface)

e Emergency configuration (e.g. rejected takeoff)

e Applicable flight phases when the severity of the condition changes with different flight phases (e.g. takeoff, landing)
¢ Interfacing functions

The determination of the effects each failure condition imparts on the aircraft and its occupants is accomplished through
analysis of accident/incident data, reviewing regulatory guidance material and by consultation with individuals with
previous design and operational experience. For those failure condition effects that are not well understood, additional
supporting material (e.g. simulation, studies, flight tests, etc.) should be defined to validate the classifications made. The
rationale used for any assumptions in determining the effects and classification of any failure condition should be
preserved to ensure traceability for future reference.

A subset of the results of the ARP4761 assessment process conducted for the aircraft-level function “Decelerate aircraft
on the ground (Stopping on the runway)” are shown in the aircraft level functional hazard assessment matrix shown in
Figure 6. This matrix lists the functional failure conditions assessed during this process and the agreed upon associated
hazard classification and is the starting point for the generation and allocation of safety requirements.

The above process would be repeated for the remaining seven aircraft first-level functions (i.e. those functions other than

“Provide Control on Ground”) depicted in the diagram in section 3.4.1 for completeness of the aircraft level functional
hazards assessment matrix.
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of Deceleration
Capability

Function Failure Condition Phase Effect of Failure Classification
(Hazard Condition on
Description) Aircraft/Crew
Decelerate Loss of Landing, See Below See Below
Aircraft on Deceleration RTO, Taxi
Ground Capability
a. Unannunciated Landing, RTO | Crew is unable to Catastrophic
loss of Deceleration decelerate the aircraft,
Capability resulting in a high
speed overrun
b. Annunciated loss | Landing Crew selects a more Hazardous
of Deceleration suitable runway,
Capability notifies emergency
ground support, and
prepares occupants for
runway overrun.
c. Unannunciated Taxi Crew is unable to stop | Major
loss of Deceleration the aircraft on the taxi
Capability way or gate resulting in
low speed contact with
terminal, aircraft, or
vehicles.
d. Annunciated loss | Taxi Crew steers the aircraft | No Safety Effect

clear of any obstacles
and calls for a tug or
portable stairs.

FIGURE 6 - AIRCRAFT FHA (EXCERPT)

3.7 Aircraft Function Allocation

The S18 aircraft level functional allocation for “Decelerate Aircraft on the Ground” is shown in Figure 7. The initial wheel
brake system requirements given in section 4.3.2 are outputs of the allocation activity, along with the functional
requirements for the other systems shown in Figure 7.

(Editors’ Note: Figure 7 assumes some systems will be present on the S18 aircraft, as shown in the top row
(Brake System, Thrust Reverser, etc). These systems were identified from the development of the initial high
level architectures. This allocation will be an important input into the Preliminary Aircraft Safety Assessment
(PASA). The purpose of the functional allocation is to identify the system(s) which will implement the respective
function(s). This is a recursive, iterative process. After aircraft functions have been allocated to systems by the
design process, each system which integrates multiple aircraft functions should be re-examined using the
system level FHA process).
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Function

S18
Aircraft

Wheel
Brake
System

Thrust
Reverser

Spoilers

Engine
Control
s

Structural
Integrity
(Landing

Gear,
Fuselage,
etc.)

X

x
x
x
x

Decelerate Aircraft on the Ground X

x

Provide Primary Stopping Force

Provide Secondary Stopping Force X
Decrease lift / Create drag / Enhance X
Braking effectiveness
Remove Forward Thrust X

Transfer Stopping Forces to Structural X X
Integrity Components

FIGURE 7 - AIRCRAFT FUNCTION ALLOCATION (EXCERPT)

3.8 Aircraft Architecture

The preliminary aircraft architecture decisions for the S18 aircraft considered the following:

o Overall configuration: Conventional, tail aft
o Fuselage Layout:
o Arrangement of crew, passengers, fuel, cargo and other payloads
o Cockpit / flight deck layout
o Cabin layout
o Window, door, and emergency exit layout
o Fuel, baggage and cargo volume
o Access for loading and unloading
o Access for maintenance and servicing
Propulsion type: Turbofan
Number of engines: Two
Integration of propulsion system: Engines in nacelles on the wing
Wing and empennage (tail) geometry
Selection of major systems to be employed by the aircraft
o Flight control system, primary and secondary
o Landing gear (including wheel brakes)
o Thrust reverser
o Auxiliary power unit
o Fuel system
o Hydraulic system
o Pneumatic system
o Electrical system
o Oxygen system
o Environmental control system
o Anti-icing and de-icing system
o Navigation and guidance system
o Communication system
o Fire control system
o Selection of structural arrangement, type of structure and manufacturing breakdown

O O O O O
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3.9 Aircraft Architecture Trade Studies

The S18 aircraft program conducted several trade studies to analyze different methods to decelerate the aircraft on the
ground. See section 4.3 of ARP4754A/ED-79A, which discusses selecting the appropriate grouping of aircraft functions
to be implemented by each system within the aircraft architecture. The function “Decelerate the aircraft on the ground”
has two sub-functions allocated between the brake system and thrust reverser: “Provide Primary Stopping Force
(stopping on the runway)” and “Provide Secondary Stopping Force”. One trade study (S18 TS-001) looked at only using
braking system (i.e. eliminate thrust reverser system) to implement the “Provide Primary Stopping Force” and “Provide
Secondary Stopping Force” functions.

Trade Study Implementing System | Provide Primary | Provide Secondary
Stopping Force Stopping Force
S18 TS-001 Braking System (Only) X X
Braking System X
Thrust Reverser X

FIGURE 8 - TRADE STUDY
For safety reasons, it was decided to not rely solely on brakes to implement the “Provide Primary Stopping Force” and the
“Provide Secondary Stopping Force” functions. The trade study determined that brakes and thrust reverser are the
optimal solution for the S18 aircraft. These two systems will become part of the S18 aircraft basic architecture.

(Editor’s Note: A detailed example of trade study methodology is beyond the scope of this example. The
purpose is to highlight that the design process involves many iterations).

3.10 Preliminary Aircraft Safety Analysis (PASA)

Decomposing the top level function Decelerate Aircraft on the Ground identified the following functions which require
functional independence:

e Provide Primary Stopping Force

e Provide Secondary Stopping Force

The PASA assessed how failures can lead to the associated functional hazards of the aircraft FHA by identifying the
elements and interactions that contribute to the relevant failure conditions. Following are the outputs of the PASA outlining
how the aircraft FHA requirements will be achieved.

Generally speaking only multi-system Failure Conditions identified in aircraft FHA should be allocated to PASA for further
aircraft level studies in order to determine requirements at system level. Single system Failure Conditions identified in the
aircraft level FHA can be directly allocated to system FHA without additional PASA activity

(Editors Note: The PASA activity was conducted in accordance with the guidance of ARP4761A Appendix B).

Documents

Document Sharing Hub

Full document details: SAE AIR6110A


http://www.avadocuments.com/doc/sae-air6110a
http://www.avadocuments.com/doc/sae-air6110a

SAE INTERNATIONAL AIR6110™A Page 20 of 107

3.10.1 System Probability Allocations

The PASA in Figure 9 shows, at the aircraft level, what systems are involved in the catastrophic failure condition, namely
brakes, thrust reversers, and spoilers. The aircraft level fault tree gives a preliminary set of failure conditions and
associated requirements to consider for each system involved in the failure condition. For more information on FTAs,
refer to ARP4761.

Loss of Aircraft

LOSSOFA/C

/\

Unannuniated Loss Inadvertent Deceleration i
of Deceleration Other Failure

Capability After V1 Conditions

UNANLSSDEC INADOEC+V1 OTHERFAULTS
5.00E-09

Unannunciated Loss of Inadvertent Thrust Inadvertent Spoiler Inadvertent Wheel
Effective Reverser After V1 Deployement After V1 Brake After V1
Wheel Braking

UNANLSSTIR UNLSSEFFWE [ mNaADTRR+v1 ] [ NapspL+v1 ] [ NaDwis+v1 ]
E S PROB: 5.00E-03 (0) ZS' 1.00E-06 OPROB: 5.00E-09 (0) QPROB: 5.00E-09 (0) QPROB: 5.00E-09 (0)

Unannunciated Loss
of Thrust Reversers

Unannunciated Loss
of All Speedbrakes on
Contaminated Runway

UNLSSSPDBR UNANLSSW/B
PROB: 5.00E-07 (0) PROB: 5.00E-07 (0)

FIGURE 9 - PASA: SYSTEM PROBABILITY ALLOCATIONS

Unannunciated Loss
of All Wheel Braking

(Editor’s Note: This is only a subset of the complete list of failure conditions. As one example, non detected
Inadvertent deceleration before V1" would have to be considered. This failure condition can lead to an over run at
high speed in case of rejected take off at V1 or to a landing gear retraction with very hot brake and risk of tire
explosion in the landing bay and fire).

3.10.2 Aircraft Functional Development Assurance Level (FDAL) (Documented in PASA)

The Functional Hazard Assessment is conducted as part of the safety assessment process described in ARP4761. The
outputs of the ARP4761 FHA process, which provide inputs to the ARP4754A/ED-79A process, are the failure conditions,
effects, classification and safety objectives. This information is used to determine the Development Assurance Levels, as
part of ARP4754A/ED-79A.

(Editor’s Note: The aircraft level FHA and associated PASA fault trees give a preliminary set of failure conditions
and associated requirements to consider at the system level. This example only summarizes parts of the FHA.
This section only talks about the Functional Development Assurance Level assignments. For more information
on Functional Hazard Assessments, refer to ARP4761).

Following the guidance of ARP4754A/ED-79A section 5.2, the aircraft functions are assigned development assurance
levels that will be applied to the various development processes associated with each function.

The required FDAL for the function Decelerate Aircraft on the Ground is derived directly from the PASA as shown in

Figure 6, following the criteria in Table 5.1 of ARP4754A/ED-79A. The aircraft FHA (see Figure 10) shows that the
function Decelerate Aircraft on the Ground has a catastrophic event: Unannunciated Loss of Deceleration.
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This fact leads to the following requirement:

The function “Decelerate Aircraft on the ground” shall be developed using a development assurance level of A as
described in SAE ARP4754A/ED-79A.

(Editor’s Note: Though not shown in this

but are beyond the scope of this example).

example, the rest of the top level functions were evaluated using the
same process. This FHA is not complete. Additional rows may be included for degraded deceleration capability

Full document details: SAE AIR6110A

Function Failure Condition | Phase Effect of Failure | Classification | Reference Verification FDAL
(Hazard Condition on to
Description) Aircraft/Crew Supporting
Material
Decelerate | Loss of Landing, See Below
Aircrafton | Deceleration RTO, Taxi
Ground Capability
a. Unannunciated | Landing, Crew is unable Catastrophic S18 Aircraft
loss of RTO to decelerate the Fault Tree A
Deceleration aircraft, resulting
Capability in a high speed
overrun
b. Annunciated Landing Crew selects a Hazardous Emergency S18 Aircraft
loss of more suitable landing Fault Tree B
Deceleration runway, notifies procedures
Capability emergency in case of
ground support, loss of
and prepares stopping
occupants for capability
runway overrun.
c. Unannunciated | Taxi Crew is unable Major
loss of to stop the C
Deceleration aircraft on the
Capability taxi way or gate
resulting in low
speed contact
with terminal,
aircraft, or
vehicles.
d. Annunciated Taxi Crew steers the No Safety
loss of aircraft clear of Effect E
Deceleration any obstacles
Capability and calls for a
tug or portable
stairs.
FIGURE 10 - AIRCRAFT FHA UPDATED WITH FDAL ASSIGNMENT
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3.10.3 Systems Interactions

This example focuses on the braking system, but there are interactions with interfacing systems that require integration
activities to avoid surprises due to these interactions. For the sake of brevity, these interactions are not discussed in
detail. Some examples are provided here.

e It is typical that the power plant, the thrust reverser, the brakes and the spoilers all need a robust air-ground
indication, but may be constrained not to use the same sources, and typically may not use any one source, because
of availability. With only a few available sources, it can be a challenge to avoid common modes. Not all of the
sources transition at the same time during the landing, and the desired air-ground indication for some functions may
or may not have to transition before others (e.g. thrust reversers may be deployed well before ground spoilers).

e There are also functional interactions (e.g. brakes will be ineffective unless the ground spoilers have already
deployed, which must also be accounted for).

e For systems in general, the significance of data on system data buses requires close coordination. It can happen that
a data item labeled "PAMB" on an engine bus is taken to be the engine's value, and the value taken and used to
validate the air data signal. Careful review is required to ensure that the value used is not the same air data signal
from the aircraft, meaning that the two values being used to vote were the same value, completely defeating the
purpose of a cross check.

e Electrical or Hydraulic Power can become an undetected common mode. Besides the obvious loss of the systems
powered by a power source that has failed, loads may be shed on the remaining buses, and probes which are still
being read may not be anti-iced.

The general process to identify and resolve these problems is for partner personnel to create interface control documents,
identifying and describing the analog, digital, power and physical interfaces between systems, subsystems and the
aircraft. In addition to the characteristics of the signals, the purpose, and uses of the signals should be described.
Intellectual property issues and access control should be solved such that it is easy to put the necessary information in
the document.

Development of the interface definition should begin as early in the development process as possible and captured in the
Interface Control Document (ICD). At early stages of the development, such as evaluating the aircraft architectures, the
ICD does not need to contain a lot of information, but the information should be correct, kept current, and controlled. As
the development progresses, the interface definition will become more detailed. The process of making changes to ICDs
should be rapid and should make all parties to the ICD aware of a proposed change.

Referring to Figure 11 below, the functions and hazards flow down to systems; signals are identified as necessary to
perform these functions on the ICDs. Integrators at both the aircraft and systems level study the signal usage for
common modes or other problems. The systems are iterated until all common mode events/interactions have been
accounted for. Failures should be considered at this stage at least down to the level of limited time dispatch.

Documents

Document Sharing Hub

Full document details: SAE AIR6110A


http://www.avadocuments.com/doc/sae-air6110a
http://www.avadocuments.com/doc/sae-air6110a

SAE INTERNATIONAL

AIR6110™A

Page 23 of 107

Aircraft-Level Modes Leading To Loss Of
Aircraft Due To Deceleration Failure Event

v

Aircraft-Level
Hazards

v

Unannunciated Loss Of
Deceleration Capability

Catastrophic

Contributing
Systems
A A A

y

Aircraft-Level Systems
Utilized For The
Decelerate Aircraft On-
Ground Function

y

v

Other Failure
Inadvertent Deceleration Conditions
After V1
Catastrophic
Contributing
Systems
A AAA

Wheel
Braking

Thrust Spoilers Other Systems
Reversers P {e.g. thrust lever
position,

interlocks, air/
ground, etc.)

PASA

Incorporation of
Interfacing
Requirements At
Aircraft-Level

Validation Of
Systems
Interactions At The
Aircraft-Level

AFHA
Output

A/C Level
Architecture

PASA Outputs

FDAL

Full document details: SAE AIR6110A

FIGURE 11 - SYSTEMS INTERACTIONS

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/sae-air6110a
http://www.avadocuments.com/doc/sae-air6110a

SAE INTERNATIONAL

AIR6110™A

Page 24 of 107

3.10.4 Safety Derived Requirements from PASA/Aircraft FHA

The following requirements are derived from following the ARP4761 safety assessment processes.

Requirement # Type Description Rationale
of
Req
The S18 aircraft shall provide

S18-ACFT-R-0835 Safety | Flight Crew notification for Required to show compliance to Aircraft
failure conditions which could S18 FHA outputs.
result in a runway excursion
(loss of directional control, loss | The requirement reduces the severity of
of speed control, loss of FC a of Figure 10 if the failure is
directional/speed control, or annunciated - see FC b
asymmetric loss of directional
control) (14CFR 25.703)

S18-ACFT-R-0933 Safety | The function responsible for Aircraft S18 FHA outputs and required
‘decelerate aircraft on the to show compliance to 14CFR 25.13009.
ground’ shall be developed
using a functional development | Reference the catastrophic failure
assurance level of A as conditions in Figure 10. Reference FC
described in SAE ARP4754A/ | a.

ED-79A.
Inadvertent deceleration on ground
during takeoff phase

S18-ACFT-R-1322 Safety | There shall be functional PASA outputs confirmed that
independence between brakes | interactions of contributing systems
and reverse thrust functions. could not reduce the relative

importance of the braking function
below the Aircraft FHA. Independence
has to be confirmed as required by
Section 5.2.3.1 of ARP4754A/ED-79A.
Two failure conditions have been taken
into account, both Catastrophic.

S18-ACFT-R-1324 Safety | The brakes and reverse thrust | The failure condition that drives the
functions shall be developed to | more stringent requirement (inadvertent
functional development deceleration after V1) requires both
assurance level A as described | brakes and reverse thrust functions to
in SAE ARP4754A/ED-79A. be FDAL A. ltis also required to

demonstrate functional independence
(at level A) otherwise there is potentially
a single member that could cause this
effect. See Note 1 of Table 3 and sec
5.2.3.1 of 4754A/ED-79A.

FIGURE 12 - AIRCRAFT LEVEL SAFETY DERIVED REQUIREMENTS
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3.11 Aircraft Requirements and Architecture Validation

The validation process of ARP4754A/ED-79A section 5.4 is continuous throughout the development life cycle. At the
aircraft-level, the main goal is to ensure that the set of requirements is complete and that each requirement is correct. A
critical aspect is to ensure aircraft-level requirements are both necessary and sufficient to meet the needs of operators,
maintainers and certification authorities, as well as aircraft and system developers. A Validation Matrix, shown below, is
used to illustrate the outcome of the validation process.

(Editor’s Note: The SAE S18 team has prepared many simulations, trade studies, and analyses in order to
validate the top-level aircraft requirements. For the sake of brevity, only a sample of requirements will be shown
in the validation matrix, and the actual evidence articles (e.g. the simulation methods and results) will not be
shown in this example).

Following the guidance of ARP4754A/ED-79A section 5.4.7.2, Validation Tracking, Figure 13 has been created to track
the status of validating each requirement and the set of requirements as a whole. The reader should note that the
Associated Function and the FDAL column does not imply that each requirement has a specific FDAL assigned to it.
Instead, this matrix helps the validation team remember to determine whether the validation method and evidence meets
the rigor required for FDAL of the associated function.

Requirement ID Safety | Source of Associated Validation Validation | Open
Requirement | Function (if Method and Conclusio | Problem
applicable) and Evidence n Report
the FDAL (PR)
S18-ACFT-R-0009 No 14 CFR Part 25 | Deceleration | A Form XXX or PR | Valid
on the YYY
Aircraft shall have a ground

means to decelerate on
the ground in
accordance with 14CFR

25.735

S18-ACFT-R-0110 No Business Case Form XXX or PR | Valid
Aircraft shall have Trade Study YYY

autobrake function

S18-ACFT-R-0135 No Business Case Form XXX or PR | Valid
Aircraft shall provide an Trade Study YYY

anti-skid function.

S18-ACFT-R-0184 No Hydraulic- Form XXX or PR | Valid
Aircraft shall have Electric Braking YYY

hydraulically-driven Trade Study

brake function

S18-ACFT-R-0185 No 14 CFR Form XXX or PR | Valid
The pilot shall be 25.735(c)(2) YYY

allowed to override the
autobrake function.

S18-ACFT-R-0835 Yes Aircraft FHA. To be further
The S18 aircraft shall Assumption. analyzed and
provide Flight Crew confirmed

notification for failure during PSSA

conditions which could
result in a runway
excursion (loss of
directional control, loss
of speed control, loss of
directional/speed
control, or asymmetric
loss of directional
control)

FIGURE 13 - AIRCRAFT REQUIREMENTS VALIDATION MATRIX (SAMPLE)
Documents

Document Sharing Hub

Full document details: SAE AIR6110A


http://www.avadocuments.com/doc/sae-air6110a
http://www.avadocuments.com/doc/sae-air6110a

SAE INTERNATIONAL AIR6110™A Page 26 of 107

S18-ACFT-R-0933 Yes FHA Form XXX or PR | Valid
The function responsible YYY
for “Decelerate Aircraft
on the ground” shall be
developed using a
functional development
assurance level of A as
described in SAE
ARP4754A | ED-79A.

S18-ACFT-R-1322 Yes PASA. A Form XXX or PR | Valid
There shall be functional Independence YYY
independence between requirement

brakes and reverse
thrust functions.

S18-ACFT-R-1324 Yes PASA. A Form XXX or PR | Valid
The brakes and reverse Independence YYY
thrust functions shall be requirement

developed to functional
development assurance
level A as described in
SAE ARP4754A/ED-
79A.

FIGURE 13 - AIRCRAFT REQUIREMENTS VALIDATION MATRIX (SAMPLE) - CONTINUED
3.12 Aircraft Systems Architecture Integration and Validation

Systems integration takes place from requirements capture until aircraft verification. System Integration activities try to
identify conflicts, as early as possible, between aircraft or system level requirements or implementations which are valid
and logically consistent when considered separately, but which can't both be implemented.

This may become apparent at the requirements level, for example, in the assumption of a failsafe state for a function
which is safe in one flight condition, but not for another. More often, a problem will become apparent as the aircraft and
system architecture are refined. In this example, all the elements which can cause aircraft acceleration or deceleration
require a robust air-ground indication. It is typical that the power plant, the thrust reverser, the brakes and the spoilers all
need such a robust air-ground indication, but also as a rule, are constrained not to use the same sources and not to rely
on any one source. With only a few available sources, this is a challenge. With several different suppliers involved it is
more challenging. Systems integration, especially among multiple suppliers, will work better if the participants can
establish close working relationships and write interface control documents that adequately describe the behavior of the
systems on both sides of the interface.

The CMA, ZSA, and PRA (see ARP4761) are integration activities whose outputs should flow into the formal analyses.
Systems integration focuses on the physical and data interfaces between system elements.

System elements all have behavior which is required and described by specification, but may have additional behavior
which is not described in the specification. There is often no specified response to incorrect inputs. Testing systems with
incorrect inputs, even informally can avoid surprises. The unexpected response of one system may excite an unexpected
response in a connected system, even while both systems conform to all their stated requirements. This can happen
more easily with system elements at lower development assurance levels. Findings from these activities should be used
to design out the unexpected behavior, or to document it in an Interface Control Document.

The S18 aircraft system architecture is considered to be complete because the following have been completed (many
more considerations are listed here than have been detailed in the example):

e Aircraft systems architecture has been identified which satisfies validated aircraft requirements (mission, safety, and
certification).
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e Aircraft systems architecture definition includes a description of the primary attributes of a system, such as
performance, size, shape, operational capability, dispatch capability, reliability, and arrangement in the aircraft.

e The architecture definition clearly defines what functions are performed by each system.
e The architecture considered the following:

Availability

Commonality

Cost and schedule

Growth potential

Operational capability

Parts obsolescence

Reliability

Retrofit

Arrangement in the aircraft
Capacity

Dispatch capability

Bonding and grounding

Electrical characteristics
Electromagnetic effects (lightning, High Intensity Radiated Fields (HIRF), etc.)
Environmental (temperature, humidity, pressure, vibration, exposure to fluids, fungus, air quality)
Flammability and toxicity

Flight Regime (orientation/attitude)
Function

Functional test

Human-machine interface

Integrity

Interchangeability and inter-mixability
Maintainability

Materials

Noise

Performance

Planned options

Regulatory requirements

Safety

Size and shape

Weight

Corrosion

O 0O OO OO OOOO0OO0OO0ODO0OO0OO0OO0OO0OOO0OOOLOOOOOOOOOOOoOOo

e High level schematics and other high level documentation developed for the aircraft system architecture
e Preliminary routing / system separation determined, with preliminary interfaces and spatial integration coordinated.
¢ Analyses and simulations, as necessary, conducted to initially size hardware

Preliminary hazard assessment

Preliminary certification plan

Preliminary FMEA

Preliminary fault tree analysis

Preliminary Reliability and Maintainability (R&M) analysis
Performance analysis

Preliminary physical layouts

System specific data

O O O O O O O O

© FEe Documents

Document Sharing Hub

Full document details: SAE AIR6110A


http://www.avadocuments.com/doc/sae-air6110a
http://www.avadocuments.com/doc/sae-air6110a

SAE INTERNATIONAL AIR6110™A Page 28 of 107

4. BRAKING SYSTEM DEVELOPMENT PROCESS
4.1 Braking System Introduction

This section describes, in detail, a contiguous example of the system architecture development for the braking system.
The braking system was developed to implement the “Provide Primary Stopping Force” sub-function of the “Decelerate
Aircraft on the Ground” function (see 3.10). This sub-function was analyzed using all the methods and tools described in
the rest of ARP4754A/ED-79A. The methodology applied here is an example of one way to utilize the principles defined
in ARP4754A/ED-79A. Other formats may be used to accomplish the documentation, so long as the principles outlined in
ARP4754A/ED-79A are followed.

This example shows the interrelationships between the system safety assessment, the Development Assurance Level
(DAL) assignment, the systems architecture development, system requirements validation and verification, and the intra-
system and inter-system interface requirements. The purpose of this section is to illustrate that development of a system
architecture involves taking system functions, requirements, results of the safety assessment analyses, interfacing
systems, and other activities into account.

This example contains references to documentation that a company may use to assure itself of the safety of its products.
Some of these documents are submitted to the regulatory agencies for the purpose of certification (e.g. the Wheel Brake
System FHA). Other documents are internal to the company and not required for certification. No implication is made
that these documents should all be submitted to a regulatory agency and none should be implied. Safety and
Certification are not synonymous terms. This example shows the systems engineering process as applied to the
development on an aircraft, including those processes that go beyond certification requirements.

4.1.1 Braking System Description
The braking system design team developed a top-level Design Requirements Document to capture the allocation of
aircraft functions to the braking system and to describe the basic system architecture. This satisfies the “Develop System-

Level Functions” block in Figure 1.”

(Editor’s Note: The following excerpt is taken from the S18 Wheel Brake System (WBS) Design Requirements
Document).

The S18 Wheel Brake System (WBS) is comprised of the pedal brake control system, brake hydraulic system, anti-skid
and autobrake systems, brakes/wheels/tires, brake temperature monitor system, brake cooling fans, tire pressure
indication system, and tire and brake monitoring system. For brevity, the example will only show certain aspects of the
systems architecture in detail.

The aircraft has two main landing gear attached to the wings and a nose gear. The Wheel Brake System is installed on
the two main landing gear. The nose gear wheels are un-braked.

Braking on the main gear wheels is used to provide safe retardation of the aircraft during taxiing and landing phases, and
in the event of a rejected take-off. The wheel brakes also prevent unintended aircraft motion when parked, and may be
used to provide differential braking for aircraft directional control. A secondary function of the wheel brake system is to
stop main gear wheel rotation upon gear retraction.

Braking on the ground is commanded manually, via brake pedals, or automatically (autobrake) without the need for pedal
application.

Pedal brake application is controlled by left and right brake metering valves located in the wheel wells. The brake
metering valves are operated, through cables and linkages, 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
will be used to set the parking brake system. To set the parking brake, the brake pedals must be fully depressed. The
parking brake handle can be pulled up and will latch when the pedals are released. The brake system will maintain
brake clamping force without further flight crew action once the parking brake has been set. The brake pedals must be
depressed to unlatch the parking brake handle.
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The brake pedal position is electrically fed to a braking computer. This in turn produces corresponding control signals to
the brakes. In addition, this computer monitors various signals which denote certain critical aircraft and system states, to
provide correct brake functions and improve system fault tolerance, and generates warnings, indications and
maintenance information to other systems. This computer is accordingly named the Braking System Control Unit
(BSCU).

4.2 Braking System Planning Elements

The following planning documents for the Braking System are included as separate appendices of this AIR. In practice,
the plans may be combined and/or integrated with other systems.

Appendix B — Braking System Requirements Management Plan (including Braking System Requirements Validation Plan)

Other example planning documents are included at the aircraft-level (see section 2.3). In a real program all planning
documents would be written at both the system and the aircraft levels as required, but in this example duplication is
avoided to maintain a reasonable-sized document.

The Braking System Requirements Management Plan identifies the scope, roles and responsibilities, processes,
procedures and tools to be used to manage requirements during the system development life cycle. Roles and
responsibilities include program management, configuration management, customers, verification and configuration
control board. Requirements management processes include identification, recording, modification, validation and
reconciliation of requirements. Requirements management tools include version and change control, linking and tracing,
access control and database management. High level documentation requirements and conventions are also included.

The Braking System Requirements Validation Plan outlines how requirements will be shown to be complete and correct,
and how assumptions will be managed. The plan includes descriptions of the methods to be used, the data to be
gathered or generated, what should be recorded (summaries, reviews, investigations), the means for timely access to
validation information, how the validation status will be maintained when changes are made to requirements, roles and
responsibilities for validation activities, and schedule of activities.

The Braking System Verification Plan describes the verification methods (review, inspection, analysis, test,
demonstration, and service experience) used to verify that the Brake System as designed satisfies its requirements. The
Verification Plan also describes the roles and responsibilities of the verification team including independence from the
system development team, the sequence and schedule of verification activities, the problem reporting system,and how
credit will be taken at the system level for item-level verification.

4.3 Braking System Development
4.3.1 Braking System Functions
(Editor’s Note: The following excerpt is taken from the S18 Wheel Brake System Design Requirements

Document).
The wheel brake system is assigned to perform the following, separate functions;

8.1 To decelerate the aircraft on ground using wheel braking

8.2 To provide directional control on the ground through differential braking
8.3 To stop the main landing gear wheel rotation upon gear retraction

8.4 To prevent aircraft motion when parked

The wheel braking function is also supported by and/or provides support to a number of functions from different aircraft
systems that the analyst must identify to ensure that cross-system failure effects are not overlooked. Failure conditions
associated with these interfacing functions could affect the final determination of the braking system (as well as the
interfacing systems) development assurance level. The interfacing functions associated with the wheel brake system are
defined as follows;
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e Provide Electrical power system

e Provide Hydraulic power system

e Provide Crew Alerting (Crew warnings, alerts, messages)

e Provide Rudder/Nose Wheel Steering for directional control

e Provide Air/ground status

Figure 14 details how the braking system function “Decelerate aircraft using wheel braking” is further decomposed into its
three braking system sub-functions:

8.1.1  Apply deceleration force to wheels

8.1.2  Control wheel deceleration

8.1.3  Provide brake system annunciation

Figure 14 also depicts how the aircraft level interfacing functions, “Provide electrical power” and “Provide hydraulic
power”, support the braking system sub-functions. Likewise, the braking system sub-function “Provide brake system

annunciation” is identified as supporting the interfacing function “Display System Annunciation” which provides crew
operational awareness to braking system status.
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FIGURE 14 - DECOMPOSITION OF BRAKING SYSTEM FUNCTIONS
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4.3.2 Wheel Brake System Requirements

(Editor’s Note: Due to the complexity of the requirement capturing process as mentioned above and in section
5.3 of ARP4754A/ED-79A, not all the requirements are shown here but enough requirement sets related to
deceleration of aircraft on ground function are shown to explain the process).

Initial Wheel Brake System requirements are captured by the allocation of the Wheel Brake System- related aircraft
functional requirements, the derived requirements associated with these functions and the associated functional
interfaces to the Wheel Brake System. The certification requirements are assigned to the Wheel Brake System either by
decomposing aircraft level certification requirements or directly from the regulations. The functional safety
requirements/objectives at the aircraft level are identified by the aircraft FHA and PASA where the associated functional
failures are assessed. This assessment defines the aircraft requirements that are then passed down to the Wheel Brake
System (See Section 3.10.4).

Figure 15 illustrates the functional and certification requirements allocated to Wheel Brake System in order to define initial
system architecture for use in the safety analysis defined in ARP4761. The figure also contains design decisions from
past experience and additional functions derived from the certification requirements in order to set an initial Wheel Brake
System Architecture.

At this stage of requirements development the certification requirements may not be agreed upon with the certification
authority. The certification requirements may be finalized after the Wheel Brake System architecture is agreed to by the
OEM and applicable subcontractor.

The brake system requirement set is provided at this point in sufficient detail so that the system level FHA process can

commence. For the brevity of the example, only some of the requirements related to the functions and their associated
effects are shown. The requirements allocation and derivation process will continue parallel to the safety analysis.
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