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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. Tk
The interaction of the

implied aircraft interacti
verification of the aircrg
braking system level c3
way to utilize the princig
may be used to accomp|

This example contains

e aircraft level function is “Decelerate Aircraft On Ground” and the syster
praking system functions with the aircraft are identified with the relativ
bns and system availabilities at the aircraft level. This example.dees ng
ft level hazards and interactions with the braking system. However, th
n be applied at the higher aircraft level. The methodologies applied here
les defined in ARP4754A/ED-79A. The function chosen was the braking
lish the documentation, so long as the principles outlined/in ARP4754A/EL

eferences to documentation that a company may-use to assure itself of t

but does not include the¢ documentation that the Original Equipment Manufacturer (OEM) would

the aircraft level for ain
purpose of certification
required to be submitt
regulatory agency and ri
the regulatory agency.
process as applied td
requirements.

Figure 1 depicts the flo
should allow the reader

craft certification. Some of these documents are submitted to the regy
(e.g. the Wheel Brake System FHA). QOther documents are internal t
bd for certification. No implication is made that these documents sh
one should be implied, although all doGuments should be available for su

the development of an aircraft, including some processes that a

w of activities within this example. This figure provides a guide to the s
to quickly find specific ‘areas within the example using the cross reference

n is the braking system.
b importance based on
t include validation and
principles used at the
are an example of one
system. Other formats

D-79A are followed.

D
e

he safety of its products
be required to submit at
latory agencies for the

the company and not
buld be submitted to a
bmission if requested by

Safety and Certification are not synonymous terms. The example shows the systems engineering

re beyond certification

tructure of this AIR and

h
D.
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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, cq
ARP4754A/ED-79A pro

Figure 1 also shows a
throughout the develop
example. This will allov
to quickly find the desird
1.2 Document Forma

This AIR contains the fg

nstantly receiving inputs from the ARP4754A/ED-79A process and
Cesses.

box titled Integral Processes to illustrate to the reader that the-integra
ment process. The reader is encouraged to use this examplé)flow diagr
y the reader to either read the example in its entirety or use\jt as a quick
d section.

llowing sections and appendices:

Section 1 is an introduction to the document, giving the scope, format, references to other documeg

and a description of the

Section 2 describes the
of the braking system.
Aircraft-level planning d
required of the brakin
Preliminary Aircraft Sa
aircraft functions. These
requirements relevant t
systems on the aircraft.
the release of ARP4761

Section 3 contains the
planning elements are

?e

example aircraft function being developed.

The hypothetical aircraft in this example is introduced and its basic r
ocuments are identified. Fop=level aircraft functions are decomposed to
system. The aircraft level safety assessment process, including the
ty Assessment (PASA), is conducted. The PASA assigns developmg
b functions are alloCated to the braking system as part of the overall airc
the braking system are validated. The braking system is integrated and
(Note: PASA.is introduced in ARP4754A/ED-79A, but detailed guidance
A. This AIRdoes not conduct the PASA,; it just uses its results).

providing feedback to

processes are utilized
am to help navigate the
eference guide in order

nts, an acronym list,

overall example aircraft development process, focusing on activities leadiing to the development

equirements are given.
determine the functions
aircraft FHA and the
ent assurance levels to
aft architecture. Aircraft
validated with the other
for completing it awaits

Jetailed \example development process for the braking system. The sys

process, including the

m is introduced and its

t
ideftified. System functions and requirements are developed. The sys}em safety assessment

bystem FHA, PSSA and SSA, is conducted. The braking system architgcture 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;df the purchase order. In
the event of conflict bgtween the text of this document and references cited herein, the,text pf this document takes
precedence. Nothing in this document, however, supersedes applicable laws and regulations unlgss a specific exemption
has been obtained.

The following documentg are referenced in this AIR. Reference to 14CFR herein implies referencg¢ to equivalent CS
regulation.

2.1 SAE Publications

Available from SAE Intefnational, 400 Commonwealth Drive, Warrendale; PA 15096-0001, Tel: 87f-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 Civi| Airborne Systems and
Equipmgnt

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.gpgaccess.gov.

14CFR 25.1309 / CS 251309

14CFR 25.735/ CS 25.735

2.3 EUROCAE Publigations

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
Capadijtor

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

Commlon Mode Analysis
Command

Commiand (Channel)
Complitation

Centrdl Processing Unit
Constant Speed Motor Generator
Environmental ' €ontrol System

Electri

TY

Electromagnetic Interference

Functional Development Assurance Level
Functional Failure Set

Functional Hazard Assessment

Failure Rate

Fault Tree Analysis

Green Hydraulic System

High Intensity Radiated Fields
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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
Monitqr
Periodic Maintenance Task
Nose lLlanding Gear
Normg|
Original Equipment Manufacturer
Ambient Pressure

Prelimjnary Aircraft Safety Assessment
Power{ Control Unit

Positign
Power|Supply

Problem Report
Particylar Risk-Analysis

Prelimjnary’ System Safety Assessment

Power Transfer Unit
Pulse Width Modulator
Power

Right or Right Hand
Resistor

Right

Reference

Rejected Takeoff
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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 Yafety Analysis

2.5 Description of the|

The aircraft function @nalyzed is:

acknowledges other ai
braking system, the def]
situation.

The “Decelerate aircrafi
was intentionally select
ARP4761 (system safet

Example Function

“Decelerate aircraft on the ground (stopping’on the r
rcraft systems involved in decelerating the aircraft, but for' clarity cong
ails of which are evolved through the following example@pproximately as

on the ground (stopping on the runway)” functien, which is also used as
bd to show the interrelationships between ARP4754A/ED-79A (system de
y assessment process).

TABLE OF CONTENTS

Linway)”. This example
entrates on the aircraft
they would in a real life

the ARP4761 example,
velopment process) and

1. INTRODUGCGTION. ....ciitiiiiiiiiiie e 50 e i et setieee e e stteeeeesstaeeessteeeessseeeeesnssaeessassaeesssnseedoesnseeeessnseessnsseeessnssenananns 1
1.1 S TeTo] o1 T NS TN SO RUTTRRRRSP 1
1.2 DoCUMENE FOIMAL ... 8 et et e e e e e e e s mneree e e e e e st e e e e e e e e e e e 2
2. REFERENQGES. ... ittt ettt sttt e et e e s sttt e e e snteeeeannteeeessntee e ssteeeessnteeeeesbeeesnneeeaeanes 3
21 TN = 1 L] [Toz= o g T SRS NSRRI 3
2.2 Code of Federahregulations (CFR).........cuiiiiiiiiiieiiie e e 3
2.3 YN S AT o] o= 1 o =S RSOSSN 3
24 ACTONYIMN LISt et e et e e s s b e e e s sr e e e e s snn e e et e e rb e e e e 5
2.5 Description’ of the Example Function ...........ccccoevieeeiiiiiiciiiiiiciiiiiiiiiiiiiiiiiceeeeee e 7
3. AIRCRAFT DEVELOPMENT PROGCESS ...ttt ettt sttt e e st e e ssaee e e snsaeeesnnnseeesannnees 10
3.1 F e =i B 1 (oo 18 o1 1o ) o TSRS 10
3.2 Aircraft Planning DOCUMENTS ........oiiiiiiiii ettt e e st e e s st e e e sse e e e snneeeesnnsaesansseeaeannneens 10
3.3 ArCraft DESCIIPHION.........eiiieiiie et e e e e e e e e e e s et b e e e e e e e e eabaeeeeeaeeeaeanaabenneeaeens 10
3.4 F Lo =i B ¥ To (o T PSPPSR 11
3.4.1 Aircraft FuNctional DECOMPOSITION .......oiiiiiiiiiiiie e e e e e e e et ee e e e e e aabr e eeaaeeas 12
3.5 Arcraft REQUITEMIENTES .......ueiiiiii it e e e e e e e e e e e et e e e e e e e e seebreaeaeeeeeenaaranneeaeeas 12
3.51 Sizing to Landing Distance REqUIFEMENTS...........couiiiiiiiiiie et e e e ree e e ennes 13
3.5.2 Aircraft Requirements Tracabilify...........oouuiiiiiiiiii e a e 13
3.5.3 Aircraft Requirements SPeCIfiCatioN...........cc.uuuiiiii i 15
3.6 Aircraft Level Safety ASSESSMENT PrOCESS .........uviiiiiiiiie ettt ettt e e s ee e e naeee s 15
3.6.1 ARP4754A Inputs to ARP4761 Aircraft Functional Hazard Assessment Process..........cccccceeeeeeecivveeeenn... 15
3.6.2 Aircraft Functional Hazard Assessment (FHA) ..ot 16
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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 sipgle system and its items A function is chasen 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 Dejelopment Plan is included in Appendix A.

Other examples of plan
planning documents wd
included in their entirety

The Aircraft Developm
development life cycle.

activities of each life cyd
See Appendix B of ARP
3.3 Aircraft Descriptio

(Editor’s Note: The

surveys, customer req|uests, and initial design and trade studies).

ning documents are included at the braking system level (see section 3.
uld be written at both the system and the aircraft levels as required, b

ent Plan defines the development process>activities and integral prg
Also included are the life cycle environment, including the methods and
le process, and the development standards.

A754A/ED-79A for the format and content of an Aircraft Safety Program Pl

=}

following aircraft flight profile was developed from an iteration o

). In a real program all
it only a few plans are

in this AIR to maintain a reasonable-sized document: Other plans are ref¢renced as necessary.

cesses of the aircraft
tools to be used for the

f independent market

The S18 aircraft is a tW(L engine passenger aircraft designed to carry 300 to 350 passengers up t

0.84 mach. The averag

e flight durationvis 5 hours.

b 5000 nautical miles at

The aircraft concept of ¢
preliminary aircraft desig

The S18 aircraft conce

perations*ted to the aircraft mission specification, which then led to prelim
n.

inary aircraft sizing and

used in the ARP4761

t4is the result of the program concept phase and is the same as tha

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:

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

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 ge P1uvide 6. Provide Power 7. Provide.Loading,
Structurnal Control in the Generation & Maintenance, Ground
Intey ity Ail Dislribtiun Harmdlivyg & Ovvugant
I Accommodati
2. Provige 3 Provide 4. Provide L. Provade a 2 PrinAde
Stability|8: Control of Operational Controlled Control on the |
Contro Energy Awareness Environment Gropnd
— — — |
Cortrol §itch | b= Cortrol Thrust ] sustionsl | [ Cortral | Cortlo speed
LN Ty e Temperature
- Frimarsy Flight
Control Roll I | CDntDr?;Llﬁ L — Diata Diﬁphﬂ'g.l' :
4 Commumication Epr:_t“;:dzl —‘Cnntrcl Direction
Gontrol Ta & Mavigation - resinanie
—I = Environment
Flight Copitrol Yovsreaness of Landing Sear
Augmentistion | Emergency _| pressurizatiﬂnl Extgnision &
Refraction

Control & 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 “Con:fuﬁpemmﬁﬂﬁmmmmﬂem craft function

decomposition).

A tomatic Fligh_t| —| Conficuration | ‘< Emercency
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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

Decelerate aircraft on the
yluulld (atuppillg omthe
runway)

Provide Primary
Stopping Force

Provide Secondary
Stopping/Force

Decrease Lift / Create
Drag /AEnhance Braking
Effectiveness

Remove Forward
Thrust

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

FIGURE 3 - DECOMPOQSITION 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, letc.).

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:

Landing Weight

Approach speed
Deceleration method used

Flying qualities of the aircraft

Pilot technique
Assumed environméntal conditions
Takeoff weight (for fejected takeoff)

V1 speed

The landing distance re
Tradeoffs between the |
of the landing gear and
result in excessive fuel I

In addition, trade studie

quirements are formulated at the maximum desigrylanding weight of the S
anding Weight (W\) to Takeoff Weight (Wrg)Ratio were made, balancing
he fuel jettison systems (landing gear weight is helped by a low W / W+o;
being required to be dumped).

5 were conducted to determine.the’systems to dissipate the kinetic energy

8 aircraft.

he competing interests
a high W,/ W+, could

at landing.

(Editors’ Note: Syst
iterative processes.

4

ems aircraft development, requirements development and trade

architecture decisions will influence interfaces).

3.5.2 Aircraft Require
The S18 aircraft requirg
requirements, as descri
The system requiremen

ments Traceability

bments traceability is depicted in Figure 4 and was developed as follow
bed in<Section 3.5, were decomposed (i.e. “traced down”) to the top lev
ks weré grouped into interface management requirements and all other sys

system requirements (ir

cluding the interface requirements) were flowed down to subystems and

studies are recursive,

Interface decisions will influence the systems aircraft architecture; systems aircraft

s: the top level aircraft
el system requirements.
stem requirements. The
items that make up the

higher level SyStem. Forthis c/\anlp:c, {—s-assumed-the-flow—down—and |c=at;unoh;po 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
Aircraft Requirements 5 Leve
equirements
S18-ACFT-R
y % y
- System X System craft Intgrface

High LeYel System Requirements |4 - quirements

Requirements Specification tinter-Systeny)

S18-SYS-R . "518-5Y5-ICp

System Requirements
Allocated to System
ltems
System X System X System X Interface System X
A\ » Requirements« >
Item 1 Item 2 O ltem N [ ltem N
/ Legend \
—
Direct traces -|Maintained

within reqdirement
managemgnt 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

function.

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
attobrakefunction Hb-atto-tanding-capability and
market research, (repoft MRS18-
XXX) about the customer needs
S18-ACFT-R-D135 | Aircraft shall provide | Derived All weather opénation and stability of
an anti-skid function. the aircraft during runwpy runs and
market research, (repoft MRS18-
XXX)about the customer needs
S18-ACFT-R-0184 | Aircraft shall have Derived Trade studies TS18-XXXX (not
hydraulically-driven shiown in the example) [determined
brake function that the hydraulic drive |of brake
system is more economnpically
feasible than electrical pystems
given the reuse of hydraulics
systems from previous| SAE aircraft.
S18-ACFT-R-D185 | The pilot shall be 14CER Autobrake function is derived from
allowed to override 25.7735(c)(2) the crew operational dgsign
the autobrake requirement allowing oyerride.

3.6  Aircraft Level Safgty Assessment Process

FIGURE 5 - AIRCRAET\REQUIREMENTS SPECIFICATION (EXCERPT)

The aircraft level functipns were passed to the System Safety Process (ARP4761) to be analy.

FHAs.

The aircraft leyel safety.assessment process is a critical task in the overall safety

culminating in a development ,assurance process that establishes and drives system requireme
This requires the safety|analyst to ensure the failure conditions and their associated assumptions|
complete and correct to gain confidence that all the critical hazards have been captured.

ved in the aircraft level

assessment process,
nts from the top down.
at the aircraft level are

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 mog
on the aircraft and its oc

Areas/factors of consideg]
aircraft on the ground (§

Environmental cond
Emergency configur|
Applicable flight pha

¢ Interfacing functiong

es, assumptions made and contributing factors influencing the effects ea
Cupants.

topping on the runway)” would include:
tions (e.g. weather, runway surface)
ation (e.g. rejected takeoff)

ses when the severity of the condition changesiwith different flight phases

The determination of the effects each failure condition imparts on the aircraft and its occupants is

analysis of accident/ing
previous design and op
supporting material (e.g
rationale used for any
preserved to ensure trag

A subset of the results

ident data, reviewing regulatory guidance material and by consultatio
brational experience. For those failure condition effects that are not wel
simulation, studies, flight'tests, etc.) should be defined to validate the clg
assumptions in determining the effects and classification of any failu
eability for future reference.

f the ARP4761.assessment process conducted for the aircraft-level func

on the ground (Stopping on the rupway)” are shown in the aircraft level functional hazard asseg

Figure 6. This matrix lig
hazard classification ang

ts the functional failure conditions assessed during this process and the 2
is the starting point for the generation and allocation of safety requiremen

The above process wou

ch failure condition has

ration in the assessment of each failure condition associated with{the airciaft function “Decelerate

(e.g. takeoff, landing)

accomplished through
n with individuals with
understood, additional
ssifications made. The
e condition should be

ion “Decelerate aircraft
sment matrix shown in
greed upon associated
ts.

d’be repeated for the remaining seven aircraft first-level functions (i.e. thg

se functions other than

“Provide Control on Gr

(AN ] R B 41 H : 4 Q4 4 Lok £
urid ) Uucpicicu 1T ure uiayrdrit T STUUUIT o.%. T 1O CUITIPICICTICSS Ul UI1T

hazards assessment matrix.

aircraft level functional
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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 fon
runway overrun.
c. Unannunciated Taxi Crew is unable to stop | Majdr
loss of Deceleration the aircraft on the\taxi
Capability way or gate €esulting in
low speedicontact with
terminal, aircraft, or
vehicles:
d. Annunciated loss | Taxi Crew steers the aircraft | No Safety Effect
of Deceleration clear of any obstacles
Capability and calls for a tug or
portable stairs.
FIGURE 6 - AIRCRAFT FHA (EXCERPT)
3.7 Aircraft Function Allocation

The S18 aircraft level fy
brake system requirem
requirements for the oth

(Editors’ Note: Figure
(Brake System, Thrust
level architectures. TH

nctional allocation fer®Decelerate Aircraft on the Ground” is shown in Figure 7. The initial wheel
ents given in section 4.3.2 are outputs of the allocation activity, alang with the functional
er systems shown-in Figure 7.

T assumes'some systems will be present on the S18 aircraft, as shown in the top row
Reverser, etc). These systems were identified from the developmen

of the initial high

is allocation will be an important input into the Preliminary Aircraft Safety Assessment

(PASA). The purpose
function(s). Thisis ar

pf the functional allocation is to identify the system(s) which will implement the respective

ed to systems by the

design process, each system Wthh integrates multlple aircraft functions should be re-examined using the
system level FHA process).
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Function S18 Wheel Thrust Spoilers | Engine Structural
Aircraft Brake Reverser Control Integrity
System s (Landing
Gear,
Fuselage,
etc.)
Decelerate Aircraft on the Ground X X X X X X
Provide Primary Stopping Force X
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 aircraff architecture decisions for the S18 aircraft considered the following:

o Overall configuratipn: Conventional, tail aft
o Fuselage Layout:
o Arrangement of crew, passengers, fuel, cargo and otherpayloads
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 flor maintenance and servicing
Propulsion type: Tlrbofan
Number of engineg: Two
Integration of proptision system: Engines in.nacelles on the wing
Wing and empennage (tail) geometry
Selection of major jsystems to be emplayed by the aircraft
o Flight control system, primary and secondary

O O O O O

o

o Landing
o Thrust re
o Auxiliary]
o Fuel sys
o Hydrauli

gear (including-wheel brakes)
verser

power.unit

fem

C system

o Pneumatic:system

o Electrica

| 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
Selection of structural arrangement, type of structure and manufacturing breakdown
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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
anl{ing Q\J/efnm X
Thrust Reverser D

For safety reasons, it w
“Provide Secondary St
optimal solution for the §

(Editor’s Note: A de
purpose is to highligh

FIGURE 8 - TRADE STUDY

s decided to not rely solely on brakes to implement the “Provide Primary
pping Force” functions. The trade study determined ithat brakes and
518 aircraft. These two systems will become part of the-S18 aircraft basic

tailed example of trade study methodology is\beyond the scope ¢
that the design process involves many iterations).

3.10 Preliminary Aircraft Safety Analysis (PASA)

Btopping Force” and the
thrust reverser are the
architecture.

bf this example. The

Decomposing the top le
functional independenc
]

Provide Primary Stg

e Provide Secondary

(L)

pping Force

Stopping Force

el function Decelerate Aircraft on the\Ground identified the following functjons which require

The PASA assessed h
elements and interactior
how the aircraft FHA red

Generally speaking only

pw failures can lead to the associated functional hazards of the aircraft
s that contribute. to the relevant failure conditions. Following are the outpu
uirements will-be achieved.

FHA by identifying the
ts of the PASA outlining

multi<system Failure Conditions identified in aircraft FHA should be allo

aircraft level studies in d

aircraft level FHA can bqa directly allocated to system FHA without additional PASA activity

rdersto’determine requirements at system level. Single system Failure C

ditions identified in the

ZFed to PASA for further

(Editors Note: The PASA activity was conducted in accordance with the guidance of ARP4761A Appendix B).
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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.
associated requirements to consider for each system involved in the failure condition.

refer to ARP4761.

Loss of Aircraft

LOSSOFA/C

/\

The aircraft level fault tree gives a preliminary set of failure conditions and
For more information on FTAs,

Unannunciated Loss N,

of Deceleration

Capability After V1

Other Failure
Conditions

INADOEC+V1

UNANLSSDEC

OTHERFAULTS I

Unannunciated Los|
of Thrust Reverser:

Unannunciated Loss of
Effective
Wheel Braking

Inadvertent Wi
Brake After

Inadvertent Thrust
Reverser After V1

Inadvertent Spoiler,
Deployement After\/ 1

eel
1

UNANLSST/R

PR

(Editor’s Note: This i
Inadvertent deceleratiq
high speed in case of
explosion in the landin

3.10.2 Aircraft Function
The Functional Hazard

outputs of the ARP4761
effects, classification an

[ mNaADTRR+v1 ] [ ~Napsec+v1 | [ inADw/B+

ol

O PROB: 5.00E-0940), Q PROB: 5.00E-09 (0) O

UNLSSEFFWB
B: 5.00E-03 (0) 1.00E-06

Unannunciated Loss

of All Speedbrakes on Unannunciated Loss

of All Wheel Braking

Contaminated Runway

3
D

bn before V1" would have to be considered. This failure condition can

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

FIGURE 9 - PASA: SYSTEM PROBABILITY ALLOCATIONS
only a subset of the complete list of failure conditions. As one €

rejected take off at'V1 or to a landing gear retraction with very hot

g bay and fire).

al Development Assurance Level (FDAL) (Documented in PASA)

Assessment is conducted as part of the safety assessment process desc

FHA\process, which provide inputs to the ARP4754A/ED-79A process, a

PROB: 5.00E-09 (0)

xample, non detected
lead to an over run at
brake and risk of tire

ribed in ARP4761. The
e the failure conditions,
ht Assurance Levels, as

] safety objectives. This information is used to determine the Developme

A

part of ARP4754A/ED-78A

(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 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
but are beyond the scope of this example).

Function Failure Condition | Phase Effect of Failure | Classification | Reference Verification FDAL
(Hazard Condition on to
Description) Aircraft/Crew Supporting
Material
Decelerate | Loss o Landing See Below
Aircrafton | Decelefation RTO, Taxi
Ground Capability
a. Unapnunciated | Landing, Crew is unable Catastrophic S18 Aircrpft
loss of RTO to decelerate the Fault Tre¢ A
Decelefation aircraft, resulting
Capability in a high speed
overrun
b. Anndinciated Landing Crew selects a Hazardous Emergency S18 Aircrpft
loss of more suitable landing Fault Tre¢ B
Decelefation runway, notifies procedures
Capability emergency in case of
ground support, loss of
and prepares stopping
occupants for capability
runway overrun.
c. Unapnunciated | Taxi Crew is unable Major
loss of to stop the C
Decelefation aircraft on the
Capability taxi way or gate
resulting inlow
speed‘contact
with\tefminal,
aircraft, or
Vehicles.
d. Ann{inciated Taxi Crew steers the No Safety
loss of aircraft clear of Effect E
Decelefation 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 surpri

ses due to these interactions.

detail. Some examples are provided here.

For the sake of brevity, these interactions are not discussed in

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).

There are also fun
deployed, which mu

For systems in gen€g
a data item labeled
validate the air datg
from the aircraft, m
purpose of a cross g

Electrical or Hydrau
powered by a powe
being read may not

The general process to |
identifying and describi
aircraft. In addition to
Intellectual property issy
the document.

Development of the inte
Interface Control Docuni
ICD does not need to c(
the development progre
should be rapid and sho|

Referring to Figure 11
perform these functions

common modes or othér problems.

accounted for. Failures

ot alon ha Ana~ntA

spoilers have already

ctional interactions (e.g. brakes will be ineffective unless the ground
d for)
A VI}.

slmeifsivpvivaae vivivie gy T

ral, the significance of data on system data buses requires close coordina
"PAMB" on an engine bus is taken to be the engine's value, and‘the v
signal. Careful review is required to ensure that the value used’is not t
paning that the two values being used to vote were the same value, ¢
heck.

ic Power can become an undetected common mode. ” Besides the obvig
r source that has failed, loads may be shed on the remaining buses, an
be anti-iced.

dentify and resolve these problems is for partner personnel to create intert
ng the analog, digital, power and physical interfaces between systems
the characteristics of the signals, the purpose, and uses of the signal
es and access control should be@plved such that it is easy to put the n

face definition should begin’as early in the development process as poss
ent (ICD). At early stages of the development, such as evaluating the a
ntain a lot of information, but the information should be correct, kept curt

Lld make all parties to the ICD aware of a proposed change.
below, the functions and hazards flow down to systems; signals are ide

on the-ICDs. Integrators at both the aircraft and systems level stud
The systems are iterated until all common mode events

should be considered at this stage at least down to the level of limited time

tion. It can happen that
blue taken and used to
he same air data signal
bmpletely defeating the

us loss of the systems
H probes which are still

ace control documents,
5, subsystems and the
5 should be described.
ecessary information in

ble and captured in the
rcraft architectures, the
ent, and controlled. As

5ses, the interface definition will become more detailed. The process of npaking changes to ICDs

ntified as necessary to
y the signal usage for
nteractions have been
dispatch.
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Aircraft-Level Modes Leading To Loss Of
Aircraft Due To Deceleration Failure Event

v

Aircraft-Level
Hazards

v

y

v

U ated L of Other Failure
nannunciated Loss s
Deceleration Capability Inadvertent Deceleration Conditions
v After V1
Catastrophic Aircraft-Level Systems Catastrophic
Utilized For The
Decelerate Aircraft On-
Ground Function
Contribfifing Contributing
Systemp Systems
A 4 A A . kKA
Wheel Thrust Spoilers Other Systems
Braking Reversers P {e.gathrust lever
position,
interlocks, air/
ground, etc.)
I\
Incorporation of
Interfacing
Requirements At
Aircraft-Level
PASA
Validation Of
Systems
Interactions At The
Aircraft-Level
) PASA Outputs
AFHA AIC Level
Output Architecture \ \—/\
FDAL

FIGURE 11 - SYSTEMS INTERACTIONS


https://saenorm.com/api/?name=93d936810c692a36c5035a2a095b74a9

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 FEC|b
asymmetric loss of directional
control) (14CFR 25.708)

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 catastrpphic failure
assurance level of A as conditions in Figure 1D. Reference FC
described in SAE ARP4754A /.| a.

ED-79A.
Inadvertent deceleratipn 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 reversecthrust 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 conditiong have been taken
into account, both Cafastrophic.

S18-ACFT-R-1324 Safety | The brakes and reverse thrust | The failure condition that drives the
functions shall be developed to | more stringent requirgment (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 s been created to track
the status of validating| each requirement and the set of requirements as a whole. The read¢r should note that the
Associated Function and the FDAL column does not imply that each requirement has a specifjc 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 Valjdation | 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 | Valig
on the YYY
Aircraft shall have a ground

means to decelerate on
the ground in
accordance with 14CFIR

25.735

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

autobrake function

S18-ACFT-R-0135 No Business Case Form XXX or PR | Valig
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)
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S18-ACFT-R-0933

The function responsible
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
There shall be functional
independence between
brakes and reverse
thrust functions.

FHA Form XXX or PR

YYY

Yes Valid

PASA.
Independence
requirement

Form XXX or PR
YYY

Yes Valid

PASA.
Independence
requirement

S18-ACFT-R-1324
The brakes and revers¢
thrust functions shall bq
developed to functional
development assuranc
level A as described in
SAE ARP4754A/ED-
79A.

Form XXX or PR
YYY

Yes Vali

FIGURE 13 - AIRCRAFT REQUIREMENTS VALIDATION MATRIX (SAMPLE) - CONTINUED

3.12 Aircraft Systems Architecture Integration and Validation

bs place from requirements capture untilaircraft verification. System Int
y as possible, between aircraft or system level requirements or impleme
vhen considered separately, but which can't both be implemented.

egration activities try to
htations which are valid

Systems integration tak
identify conflicts, as ear
and logically consistent

afe state for a function
rent as the aircraft and
leration or deceleration
kes and the spoilers all

rent at the requirements levéel, for example, in the assumption of a failg|
nt condition, but not for another. More often, a problem will become appa
refined. In this examplé, all the elements which can cause aircraft acce
nd indication. It is typical that the power plant, the thrust reverser, the brg

This may become appd
which is safe in one flig
system architecture are
require a robust air-grou

need such a robust air-g

on any one source. Wi
more challenging. Sy

round indicationbut/also as a rule, are constrained not to use the same
h only a few available sources, this is a challenge. With several differen
tems integratioh, especially among multiple suppliers, will work better

sources and not to rely
suppliers involved it is
if the participants can

ribe the behavior of the

establish close working [relationships.and write interface control documents that adequately desc
systems on both sides of the interface.

into the formal analyses.

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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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.

The architecture definition clearly defines what functions are performed by each system.

The architecture considered the following:

O 0O OO OO OOOO0OO0OO0ODO0OO0OO0OO0OO0OOO0OOOLOOOOOOOOOOOoOOo

Availability

Commonality
Cost and schedule
Growth potential

Operational

capability

Parts obsolescence

Reliability

Retrofit
Arrangemer
Capacity
Dispatch ca
Bonding ang
Electrical ch
Electromagt
Environmen
Flammability

t in the aircraft

Dability

grounding

aracteristics

etic effects (lightning, High Intensity Radiated Fields (HIRF); etc.)

tal (temperature, humidity, pressure, vibration, exposute)to fluids, fungus,
and toxicity

Flight Regime (orientation/attitude)

Function
Functional t
Human-mad
Integrity
Interchange
Maintainabil
Materials
Noise
Performanc

Planned opﬂons

Regulatory
Safety

Size and sh
Weight
Corrosion

High level schematiq

Preliminary routing /sy

bst
hine interface

Ability and inter-mixability
ty

D

equirements

hpe

s and{other high level documentation developed for the aircraft system ar

hir quality)

chitecture

ovctam cana
StorH—ot

Analyses and simulations, as necessary, conducted to initially size hardware

O O O O O O O O

FDAL

Etc.

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

ration coordinated.


https://saenorm.com/api/?name=93d936810c692a36c5035a2a095b74a9

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 d

cvelopment of a system

architecture involves ts
systems, and other actiy

This example contains 1

king system functions, requirements, results of the safety assessmey
ities into account.

eferences to documentation that a company may use to assure.itself of th

Some of these documents are submitted to the regulatory agencies for the purpose of/eertificatio

System FHA). Other d
that these documents
Certification are not sy

bcuments are internal to the company and not required for-certification.
should all be submitted to a regulatory agency and/none should bg
nonymous terms. This example shows the systems’ engineering pro

development on an airciaft, including those processes that go beyond certification requirements.

411 Braking System

The braking system d¢
aircraft functions to the
Level Functions” block i

(Editor’s Note: The fq
Document).

Description
sigh team developed a top-level Design, Requirements Document to ¢
braking system and to describe the basi¢ system architecture. This satisfie
h Figure 1.”

pllowing excerpt is taken from the S18 Wheel Brake System (WBS)

t analyses, interfacing

e safety of its products.
h (e.g. the Wheel Brake
No implication is made

implied. Safety and
cess as applied to the

pture the allocation of
s the “Develop System-

Design Requirements

The S18 Wheel Brake §
and autobrake system
indication system, and 1
systems architecture in

The aircraft has two ma
the two main landing ge

bystem (WBS) is comprised of the pedal brake control system, brake hy¢
5, brakes/wheels/tires, brake temperature monitor system, brake cool
ire and brake manitoring system. For brevity, the example will only shoy
Hetail.

n landing.gear attached to the wings and a nose gear. The Wheel Brak
ar. ThHe'nose gear wheels are un-braked.

raulic system, anti-skid
ng fans, tire pressure
v certain aspects of the

p System is installed on

Braking on the main gearwheels is used to provide safe retardation of the aircraft during taxiing 3

nd 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 plannin

documents would be
avoided to maintain a r

al program all planning
example duplication is

itten at both the system and the aircraft levels as required, but inthis
sonable-sized document.

The Braking System Requirements Management Plan identifies the scope, rolessand resp
procedures and tools {fo be used to manage requirements during the system ¢development

onsibilities, processes,
life cycle. Roles and

responsibilities include |program management, configuration management, customers, verification and configuration

control board. Requirements management processes include identification;‘recording, modi
reconciliation of requirements. Requirements management tools include version and change con

access control and data

The Braking System R¢
and how assumptions
gathered or generated,
validation information, H
responsibilities for valida

The Braking System
demonstration, and ser
Verification Plan also d
system development te

base management. High level documentation requirements and conventid

quirements Validation Plan outlines how requirements will be shown to b
ill be managed. The plan includes deseriptions of the methods to b

ow the validation status will be maintained when changes are made to
tion activities, and schedule of activities.

Verification Plan describes_the verification methods (review, insp
ice experience) used to verify that the Brake System as designed satisfie
bscribes the roles and responsibilities of the verification team including

fication, validation and
trol, linking and tracing,
ns are also included.

b complete and correct,
b used, the data to be

-

what should be recorded (summaries,-reviews, investigations), the megns for timely access to

equirements, roles and

ection, analysis, test,
s its requirements. The
independence from the

bm, the sequence andischedule of verification activities, the problem reporting system,and how

credit will be taken at thg¢ system level for.item-level verification.

4.3 Braking System Development

4.3.1 Braking System|Functions

(Editor’s Note: The fol
Document).

lowing excerpt is taken from the S18 Wheel Brake System Design Rer;uirements

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 deceleratipn force to wheels
8.1.2 Control wheel de¢celeration

8.1.3  Provide brake system annunciation

Figure 14 also depicts |how the aircraft level interfacing functions, “Provide €lectrical power”
power”, support the braking system sub-functions. Likewise, the braking system sub-function

annunciation” is identified as supporting the interfacing function “Display ‘System Annunciation

operational awareness tp braking system status.

and “Provide hydraulic
‘Provide brake system
" which provides crew

Provide Pdwer
Generationfand
Distributior] (6)

Provide Control
on the Ground (8)

Operational
Awareness (4)

Provide

— 1 BRSNS :

r '

Awareness of
Emergency

Provide Hydraulic Provide Electric Control Speed

Situational
Awareness

(Displays)

Configuration

T T

Decelerate
aircraft on the
ground (stapping
on the runway)

Tl T T

Provide Primary
Stopping Force

|

8.1 Decelerate
Aircraft using
Wheel Braking

T T

Fu
Co

ction or
ponent

Functi

al Flowdown

S
8.1.1

i

Apply 8.1.2
Control Wheel
Force to Deceleration
Wheels Brake System Functions

8.1.3
Provide Brake
System
Annunciation

y

o | Display System

Annunciation

3 e T

Brake Control

Valves BSCU

Brake Discs Brake Pistons

Brake System Components

Display System

Functional Decomposition
Multiple Subfunctions -
only key flowdown shown

e

Supporting Function/Service

FIGURE 14 - DECOMPOSITION OF BRAKING SYSTEM FUNCTIONS

Legend
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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 Systemy in order to define initial
system architecture for use in the safety analysis defined in ARP4761. The figure also containg 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 uppn with the certification
authority. The certification requirements may be finalized after the Wheel Braké/System architecfure is agreed to by the
OEM and applicable suljcontractor.

The brake system requifement set is provided at this point in sufficient.detail so that the system|level FHA process can
commence. For the brgvity of the example, only some of the requirements related to the functiops and their associated
effects are shown. The fequirements allocation and derivation process will continue parallel to the|safety analysis.
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FIGURE 15 - INITIAL WHEEL BRAKE SYSTEM REQUIREMENTS (EXCERPT)
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With the initial requirements set, the architecture studies and the system safety assessment process (commencing with
the system functional hazard assessment) can now begin. The requirements development process is a coupled process
where the system designers deriving the requirements should work closely with the safety and reliability group. The
results of the requirements development and system safety assessment processes are uploaded to the requirement
database simultaneously. Through the architecture development and the FHA studies the interface requirements are
clarified between the Wheel Brake System and other aircraft supporting functions. Section 4.5.2 describes how these
interface requirements are derived from these studies.

4.3.3 Wheel Brake System Safety Assessment Process

The Wheel Brake System safety assessment process is a critical task in the system development assurance process (see
ARP4754A/ED-79A section 4.1.2) that establishes and drives system requirements from the aircraft level down to the
Wheel Brake System and item level. This requires the safety analyst to ensure the failure conditions and their associated
assumptions at the system level are complete and correct to gain confidence that all the critical risks have been
adequately captured. The Wheel Brake System safety assessment process is iterative and, dependent upon safety
requirements originating| at the aircraft level that lead to derived safety requirements for both the)\Wheel Brake System and
its components.

Figure 16 depicts the inter-relationship of the Wheel Brake System preliminary safety-'assessment process, in the first
stages of system development, with the overall safety assessment process. This diagram oltlines the assessment
stages undertaken and safety interfaces considered in the safety assessment process.

Aircraft Level Design:
e —— — —

)\_] allocation of stopping to - ]
braking, thrustreversal, (Oth pr _S_tgpplng system
Aircraft FHA " |and spoilers capgbilities.

e —— ——

Associated Hazards
(by flight phase, with and

Aircraft function: Stop J\
Aircraft on ground ] | without annunciation) PASA

Loss of Deceleration

Decelefation A/C
Probabilities/Failures Budgets Requirgments

Assymetric Deceleration N FDAL Assignment

Inadvertent Deceleration

\_ J
_ i Wheel Braking System 7) Wheel Braking System fWhee Braking 7)
Braking System FHA Safety Objectives Architecture [ 7] | systein
- Requirements
Associated Hazards N
(by flight phase, with and
without annunciation) /
L | Wheel Braking System _—
\_ ) PSSA 1 \_ )

FIGURE 16 - WHEEL BRAKE SYSTEM SAFETY ASSESSMENT PROCESS
4.3.4 ARP4754A Inputs to ARP4761 System Functional Hazard Assessment Process

The functions that were developed in section 4.3.1 as part of the braking system functional decomposition in
ARP4754A/ED-79A are provided as inputs to the system functional hazard assessment process in ARP4761.
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4.3.5 ARP4761 Outputs from Braking System Functional Hazard Assessment

The braking system functional hazard assessment process is conducted for each of the braking system functions
identified in section 4.3.1 but, as stated earlier, this example focuses on one of these functions, “Decelerate aircraft on the
ground using wheel braking”. 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 and malfunction of a function. This process is aided by an understanding of the overall system-level
functional requirements, especially when the effect of a certain failure depends on the integration and interaction of
another function (as may be the case when considering the effects for the interfacing functions identified in section 4.3.1).
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.

The results of the ARP4761 assessment process conducted for the system-level function “Decelerate aircraft using wheel
braking” are shown in the braking system level functional hazard assessment matrix (Figure 17). This matrix lists the
functional failure conditibns evaluated during the assessment process and their associated hazard classification, which is
the starting point for the allocation of safety requirements and the determination of the brakirlg system development
assurance level.

The above process wag repeated for the remaining braking system functions identifiedyin section|4.3.1 for completeness
of the braking system fuphctional hazards assessment matrix.

(Editor’s Note: For thHe purposes of this example, Figure 17 analyzes-the braking system function “Decelerate
aircraft using wheel braking” only. Though not shown in this example; the remaining braking system functions
and the associated interface functions were also evaluated in the same manner).
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brakes increases and
could reach point
where wheel/fire
failure occurs.
Depending on
number of brakes lost
result could be an
overrun.

Function Failure Phase Effect of Failure Classification | Reference to | Verification
Condition Condition on Supporting
(Hazard Aircraft/Crew Material
Description)
Decelerate Total Loss of Landing | See Below
Aircraft using wheel braking | or RTO
Wheel Braking
a. Landing Crew detects the Hazardous S18 Aircraft FTA
Unannunciated | or RTO failure when the
loss of wheel brakes are operated.
braking The crew uses
spoilers and thrust
reversers to the
maximum extent
possible. This may
result in a runway
overrun.
b. |Annunciated | Landing Crew selects a more Hazardous Crew S18 Aircraft FTA
logs of wheel suitable airport, procedures
braking notifies emergency for loss of
ground support, and normal and
prepares occupants reserve
for runway overrun. modes
The crew uses
spoilers and thrust
reversers to the
maximum extent
possible.
Partial Landing | See below
Symmetrical or RTO
Loss of Wheel
Braking
a. Landing The'crew detects the | Major to Additional Potentially
Unannunciated or RTO failure when the Hazardous study catastrophic — to
paytial brakes are used. required to be confirmed by
symmetrical Crew uses available determine analysis
Io{; of wheel wheel braking, classificatign
braking spoilers and thrust
reversers available to
maximum extent to
decelerate the
aircraft. The
temperature on
wheels of the loaded

FIGURE 17 - WHEEL BRAKE SYSTEM FUNCTIONAL HAZARD ANALYSIS



https://saenorm.com/api/?name=93d936810c692a36c5035a2a095b74a9

SAE INTERNATIONAL

AIR6110™A

Page 36 of 107

Function

Failure
Condition
(Hazard
Description)

Phase

Effect of Failure
Condition on
Aircraft/Crew

Classification

Reference to
Supporting
Material

Verification

b. Annunciated
partial
symmetrical loss
of wheel braking

Landing

The crew is aware that
there is a partial loss of
braking before landing.
Crew uses wheel
braking, spoilers and
thrust reversers
available to maximum
extent to decelerate

tha ot £t Tho
te—omrorart—T e

Major

temperature on wheels
of the loaded brakes
increases and could
reach point where
wheel/fire failure
occurs. Depending on
number of brakes lost
result could be an
overrun.

Asymmetrical
Logs of Wheel
Braking

Landing
or RTO

See below

a. Asymmetrical
losq of wheel
braking — brake
sysfiem failure
only

Landing
or RTO

Decrease in braking
performance.
Tendency to\veer off
the runway, For
braking performance
and brake temperature
theeffects are the
same as partial brake
loss above. The crew
keeps the aircraft on
the runway by using
rudder at high speed
and nose wheel
steering at low speed.
Consequences are
TBD pending results of
the justification
studies.

Potentially
catastrophic —
to be
confirmed by
analysis

Additiond
studies
required fo
determing
classification.

b. Asymmetrical
loss of wheel
braking and loss
of rudder or nose
wheel steering

Landing
or RTO

Decrease in braking
performance.
Tendency to veer off
the runway. For
braking performance
and brake temperature
the effects are the
same as partial brake
loss above. The crew
cannot maintain
runway centerline and
results in an offside
excursion.

Hazardous

S18 Aircraft
FTA

FIGURE 17 - WHEEL BRAKE SYSTEM FUNCTIONAL HAZARD ANALYSIS — CONTINUED
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Function Failure Phase Effect of Failure Classification Reference Verification

Condition Condition on to
(Hazard Aircraft/Crew Supporting
Description) Material
Inadvertent See below
wheel brake
application
a. Inadvertent Takeoff The crew stops the Minor
wheel brake before aircraft on the
application V1 runway
without wheel
locking
b. hadvertent Takeoff Potential burst of all Hazardous. S18 Aircraft FTA
wheel brake before tires and loss of
apglication with | V1 braking efficiency
all wheels
locked
c. Inadvertent Takeoff Crew cannot takeoff | Catastrophic S18 Aircraft FTA
wheel brake after V1 or safely RTO
appglication with resulting in high
all Wheels lock speed overrun
ed pr not locked
d. Undetected Takeoff Crew cannot detect Catastrophic S18 Aircraft FTA
inaglvertent the failure by the
wheel brake on asymmetry which is
ong wheel very small. Brake
without locking temperature can
of the wheel reach very high

temperature.\Crew

retract geanresulting

in possible wheel

fire-of tire failure.
e. |nadvertent Takeoff Crew cannot detect Minor Crew
apglication on failure by asymmetry procedure
ong wheel which is very small. for leaving
without locking Brake temperature the gear
of the wheel can reach very high down in cage
coupled with temperature. Crew of detected
detected high detects high brake hot brake
brake temperature and temperaturgs
terperature leaves gear

extended to cool

brake

4.3.5.1

Summary of Wheel Brake System Safety Requirements

FIGURE 17 - WHEEL BRAKE SYSTEM FUNCTIONAL HAZARD ANALYSIS — CONTINUED

The completion of the Wheel Brake System FHA provides the high level safety and development assurance process
requirements that are passed on as inputs and guidance to the design selection process. The Wheel Brake System
safety assessment process map depicted in Figure 16 can now be populated with the system safety requirements

identified to be used in the design architecture trade study process.
assessment process map is shown Figure 18.

The updated Wheel Brake System safety
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FIGURE 18 - POPULATED WHEEL BRAKE SYSTEM SAFETY ASSESSMENT PROCESS MAP
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4.4 Braking System Architecture Development

(Editor’s Note: This section focuses on the development of the architecture which will implement the functions
for which the Wheel Brake System is responsible. The system level functions and results of the system FHA are
input into this process. This process normally starts very early in the system development life cycle and is very
iterative in nature. This example shows how the system architecture evolves throughout the development life
cycle).

Although this section is shown prior to the system requirements section, in reality, the development of the system
architecture is tightly coupled with requirements development (especially interface requirements) and is not complete until
the requirements associated with the architecture have been validated.

4.4.1 Initial Architecture Concept

(Editor’'s Note: Thene is no one recommended method to capture and document tte candidate system
architectures. For the|purposes of this example, the output of this process will consist-of architecture diagrams
and a system design document. Normally a system design document would include things|such as a description
of the system interfagde with other systems. Since that information is already.present [n other areas of this
example, our system design will consist only of a high level description supported by architecture diagrams).

4411 Preliminary System Description

When developing the inftial concept for the S18 aircraft Wheel Brake System, several new technglogies, such as electric
brake actuation, were considered. Given schedule limitations, a hightlevel design decision wag made to implement a
hydraulic Wheel Brake Bystem architecture. The hydraulic braking system will be similar to a predecessor of the S18
aircraft, and thus most pf the expertise needed to develop the braking system is already in place at SAE and leading
braking system suppliers.

The system functions ag shown in Figure 14 were used in gonjunction with the following high levelfinterface logic diagram,
Figure 19, to help the team develop the initial architecture‘concept.
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Autobrake Command Brake System

-¢———Set Autobrake Mode———
Control Panels

) J

Wheel & Left Pedal Brake Position Left Pedal Brake Push
Braking Right Pedal Brake Position Pedals e Right Pedal Brake Push Human
System Pedal Rudder Position Pedal Rudder Position Adjustment

Brake Status
In Air/On Ground

Apply Braking Force to Wheels
Anti-Skid Commands

n|Air/On Ground Status
System Status
Status Messages

Avionics, Airframe
and other aircraft

systems

Wheels Wheel Spee

Weight-on-Wheels
Status

Apply Stopping
Force to
Airframe

Apply Stopping
Force to Gear

Landing Gear

Note: There are commdn resources
(power, etc.) which, for fhe sake of
brevity, are not shown onlthis diagram.

Apply Friction Force to Wheels

Runway

FIGURE 19 - HIGH LEVEL INTERFACE DIAGRAM

The Wheel Brake System is installed)on the two main landing gear. Braking on the main gear whgels is used to provide
safe retardation of the gircraft dufing taxiing and landing phases, and in the event of a rejected take-off. The wheel
brakes also prevent unintendedsaircraft motion when parked, and may be used to provide differential braking for aircraft
directional control. A s¢condary 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. The Autobrake function allows the pilot to pre-arm the deceleration rate prior to takeoff or landing.

The initial Wheel Brake System architecture implementing the Wheel & Braking System block diagram in Figure 19 is
shown in Figure 20. 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).
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The BSCU will be responsible for the following:

Interface with oth

Interface with oth

failure.

In addition to a BSCU, thl Braking System will consist of:

Shutoff Valves

The shutoff valves will res

e Metering Valve
The function of the Mete
Anti-Skid function.

e Gas-Charged A
The accumulator will prd
enough pressure to appl
supply pressure to the pa

e Anti-Skid Valve
The Anti-Skid Valves will
used to restrict the hydral
prevents wheel skids. |
pressure in excess of tha

Braking Pedal

The braking pedals will pj
the pedals will be linked
to the BSCU. The BSCU

Wheel Brakes

The wheel brakes will provide friction force to the wheel.
provide brake temperature

Parking Brake

Provide commands to control hydraulic pressure to the wheel brakes
Anti-skid commands
Braking commands

Provide Brake System Annunciation for display to pilot

er components of the Brake system

er aircraft systems

Provide advanced health monitoring of the brake pads and brake actuators to detect component fatigue prior to

pond to commands from the BSCU to apply hydraulic pressure‘to the brak

Uy

fing Servo Valve is to control pressure to the demanded level and to pro

ccumulator

vide an emergency reserve of hydraulic' pressure. A fully charged ac
pressure for the required number of\presses of the braking pedal. The
rking brake.

S
follow BSCU commands to control hydraulic pressure to the braking pa
ulic line pressure to the.brakes in order to prevent locking of the wheels.

[t optimizes braking by reducing brake pressure when the pilot or autq
required to skid the tires.

rovide beth mechanical and electrical braking commands to the braking s

Hirectly to metering valves. The braking pedals will also provide pedal fofice and position inputs

ing discs.

vide regulation for the

cumulator will provide
accumulator will also

ds. These valves are
The anti-skid system
brake system meters

ystem. Mechanically,

Ives.

willuse these inputs to calculate commands to the shutoff and anti-skid va

to the BSCU.

The brakes will also house temperature sensors which will

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 then 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. The parking brake has been intentionally not
detailed in Figure 20 so as to not overload the schematic.
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The parking brake has Heen intentienally not detailed in Figure 20 so as to not overload the schem

(Editor’s Note: Now that 'a proposed high level architecture has been established, it mus

the system level fund
identified thus far).

FIGURE 20.sHIGH LEVEL WHEEL BRAKE SYSTEM ARCHITECTURE
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44.1.2

(Editor’s Note: The Wheel Brake System preliminary safety assessment (PSSA) begins as soon as the SAE
systems design team has an initial architecture concept.

Architectural Decisions Based on Safety Requirements

against the aircraft level requirements and the System and aircraft FHAs).

The paragraph below describes the feedback from this initial analysis. Though at this point there is not a formal PSSA, it
is important to start documenting any design decisions which occur as a result of receiving feedback from the safety
assessment process. Figure 21 lists the result of this analysis and the design decisions that the design team made based

on this information:

The team analyzes the initial architecture concept

during takeoff roll before
V1 shall e less than 5E-7

design.

Safety Requirement Design Decisions Remarks

1. Loss of all wheel braking More than one hydraulic The overall Wheel Brake
(unannuneiated-er system-requirecto-achieve-the1-Systemavaitabili-should
annunmaked) during objective (service experience). | satisfy this requirenjent. See
landing or RTO shall be For example, the design PSSA FTA. (Ref-Figure 25)
less than|5E-7 per flight. chosen in this example of the

system design is composed of
two redundant BSCUs in order
to provide better availability
and multimode brake
operations.

2. Asymmetrical loss of wheel | Separate the rudder and nosé._|* To reduce the likelijood of
braking coupled with loss wheel steering system from common causes affecting the
of rudder|or nose wheel the Wheel Brake System; wheel brake system, nose
steering during landing Balance hydraulic supply to wheel steering and fudder
shall be Iess than 5E-7 per | each side of the Wheel Brake | systems. System sgparation
flight. System. between these systéms will be

shown in the zonal safety
analysis and particular risk
analysis.

3. Inadvertgnt wheel braking None Requirement 4 is mpre
with all wheels locked stringent and hence| drives the

per flight,
4. Inadvertgnt wheel braking No single failure shall result in | None
of all wheels during-takeoff | this condition. This results in
roll after V1 shall be-less the need for independent
than 1E-9 per takeoff. command and monitor
functions in the BSCU.
5. Undetected-inadvertent No single failure shall resultin | None

1E-9 per takeoff.

wheel braking on one
wheel w/o locking during
takeoff shall be less than

this condition. This results in
the need for independent
command and monitor
functions in the BSCU.

FIGURE 21 - DESIGN DECISIONS BASED ON SAFETY REQUIREMENTS

As a result of the analysis, the following requirements will be added to the requirements database along with justification

information from the table above:

e S18-WBS-R-0508: The wheel braking shall have at least two independent hydraulic pressure sources

e S18-WBS-R-0509: Wheel Brake System shall have dual channel BSCU and multimode brake operations to provide

the required redundancy.
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The system description and architecture diagram are updated as follows:

Figure 22 below depicts the new architecture (ARCH 2), which implements the design decisions in Figure 20 and the
derived requirements listed above. The ARP4761 process determines that redundant BSCU systems are required in
order to meet safety objectives. Things to consider for trade study include, but are not limited to:

a. Where to install two LRUs

b. Cost of two LRUs versus cost of one LRU with two systems

¢c. Common Mode Analysis (CMA) and Zonal Safety Analysis (ZSA)

d. How will the two systems coordinate with each other

Elec
Pedal Srogn Pump Sip P
(51 6
i N /

| | T

T et 1T Shutoll
BSCUI —L-"'-)—EJ Veive Isaciatacn
LA Ea Valve
-
l Elec g Vol
2 Pedal [ ]
o PWR2 Pos 2 S Y VSR
% '_thrqrj\_\—_ﬂ)l
AS
CMD Ani-aiod
I PSS W

oo [
2
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1
i

4 Mater
Vahe

o |\
_ oV

FIGURE 22 - MODIFIED BRAKING SYSTEM ARCHITECTURE ARCH 2 (DUAL HYDRAULICS, 2 BSCUS)
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Modified Braking System Description

Braking on the ground is commanded manually, via brake pedals, or automatically (autobrake) without the need for pedal
application. The Autobrake function allows the pilot to pre-arm the deceleration rate prior to takeoff or landing. Autobrake
is only available with the NORMAL braking system.

The eight main gear wheels have multi-disc carbon brakes. Based on the requirement that loss of all wheel braking is
less probable than 5E-7 per flight, 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 GREEN hydraulic supply and is used in the
NORMAL braking mode. The Alternate Mode is on standby and is selected automatically when the NORMAL system
fails. It is operated independently using the BLUE hydraulic power supply and is backed by an accumulator which is also
used to drive the parking brake. The accumulator supplies the ALTERNATE system in the EMERGENCY braking mode,
when the BLUE supply is lost and the NORMAL mode is not available. Switch-over is automatic under various failure

conditions, or can be

connect the BLUE supp
ALTERNATE modes, an|

In the NORMAL braking
to apply anti-skid. In thg
four servo valves which
precluded when the NOH

In the NORMAL mode
corresponding control s
critical aircraft and systg
warnings, indications an
System Control Unit (BS|

Takeover of manua
during CAT llIb land

a.

b. Control of interfaces

rrr

GREEN supply itself or from its removal by the BSCU due to the presence of faults, causes an-dut

nually selected. Reduction of GREEN pressure below a threshold va
y to the ALTERNATE brake system. An anti-skid facility is available’in
d operates at all speeds greater than 2 meters per second.

mode, all eight wheels are individually braked from their own ‘'servo valve
ALTERNATE mode, a dual metering valve provides a/ow’/pressure hyd
provide the anti-skid function to four pairs of wheels¢™~Operation of the
RMAL system is in use.

the brake pedal position is electrically fed to“a braking computer.
gnals to the brakes. In addition, this computer monitors various signal
m states, to provide correct brake functions' and improve system fault to
d maintenance information to other systems. This computer is accordin
CU). It automatically provides the following functions.

ng)

with other aircraft systems

ue, either from loss of
bmatic selector valve to
both the NORMAL and

s, which are also used
raulic braking input via
ALTERNATE system is

This in turn produces
5 which denote certain
erance, and generates
gly named the Braking

braking (brake pedals), or autoniatic controls (engagement of Autobrake, autopilot commands

(Editor’s Note: Interfaces with other systems may include the hydraulic system, the brake tamperature

monitoring system, etq.)

c. Generation of braking commands, according to commands received and the status of the systgm

d. Braking regulation irf orderto avoid skidding of the main wheels

e. Transmission of information{indications; fights, warnings, etc)to thefliight deckamdtothevatious aircraft computers
concerning the BSCU status.

4.4.1.3 Architecture Trade Studies

(Editor’s Note: There is no requirement in ARP4754A/ED-79A to perform trade studies during the development of
an aircraft. However, since trade studies can often help to find and optimize solutions to design problems, the
S18 Braking System Team has decided to perform one to help refine the system architecture. There are many
methods and procedures for performing trade studies and ARP4754A/ED-79A does not prescribe or recommend
any particular method or procedure. Therefore, we will not show the details of the trade study, instead we will
show only the results and how the results were utilized to finalize the architecture with which we will continue
our development. Note: the parameters in the trade study results are examples of possible parameters. The
inputs to and the outputs of a real trade study will depend upon the system at hand, environment in which the
development is taking place, the business, and numerous other factors).


https://saenorm.com/api/?name=93d936810c692a36c5035a2a095b74a9

SAE INTERNATIONAL AIR6110™A Page 46 of 107

The purpose of this section is to illustrate that development of a systems architecture involves taking system functions,
requirements, business constraints, safety objectives, etc. and using these parameters to propose solutions which can
then be analyzed against those parameters. There are no guidelines given in ARP4754A/ED-79A for how many
architecture options to analyze or when to stop creating new architectures. The actual number of options will vary and
depend on the type of system, current technologies used to implement the system, cost/schedule constraints, etc. This
process should continue until a proposed architecture meets the required parameters.

Summary of Architecture Trade Study Results

(Editor’s Note: Once the architecture has been selected which meets our design parameters, we can continue with
the requirements development process, allocating system level requirements to system components. This
architecture will continue to be analyzed and has the potential to change until the requirements have been
validated. To ensure a successful development life cycle, it is important that architecture at this point is firm enough

to ensure that future changes will have little or preferably no impact on other systems. Therefore the validation of
interface requirementsl should be thorough and completed fairly early in the requirements validation process).

Figure 23 summarizes [the braking system trade study. The outcome of this study is the decidion to proceed with the
development of Architecture 3, shown in Figure 24. This architecture consists of‘one BJCU which houses two
independent systems. Each BSCU system has independent command and monitor,channels.

S8-18 Aircraft Braking System Trade Study Surmmary

System Archifecture: ARCH2 (2 BSCU) ARCH3 {1 Dual BSICU)
Uses the followihg assumptions:

1) All costs are pased on system supplier
rates
2) Arch 21is baskd on reuse of previous 518
arcraft braking pystem design

Cost ARCH2 (2 BSCU) ARCHS3 (1 Dual BSCU)
OEM Cost
Non-Recurrifig Cost $x $Y
Recurring Cgst
Frice pef Aircraft: Fx1 $v 1
Manufadturing per Aircraff RO $x2 $v2
Total Recurring: $43 $v3
System Chargcteristics ARCH2 {2 BSCU) ARCHS3 (1 Dual BSICU)
MNumber of Line|Replacealile Units S hd
System Weightjnka X Y
irih Y
Power Consumption in W K Y
Installation Hours {Hrs) A Y
Difficulty of installation 3 - Mote due to location of second BSCLU and
(1Difficult-10 easy) interconnect switches 53
Technical
FAR 25 735 Compliant Yes Yes
MWeets Safety Objectives Y es ' es
Certification Risk Lo Lo
Reliability f Maintainability ARCH2 (2 BSCU) ARCHS3 (1 Dual BSCU)
WTBF
System in flight hours: S Y

FIGURE 23 - WHEEL BRAKE SYSTEM ARCHITECTURE TRADE STUDY SUMMARY



https://saenorm.com/api/?name=93d936810c692a36c5035a2a095b74a9

SAE INTERNATIONAL

AIR6110™A Page 47 of 107

Elec Elec
Pedal Pedal
PWR1  Pos1 Pos2 PWR2
Architecture 3
Trade off with supplier determines 1 LEU is more cost effactive,
- eases installation and maintenance, and siill meets the safety
objectives
System 1 System 2 Things o eansider for trade study:
1} Validation process that finds emors in location of accumulator
and mechanical pedal position input
Manitor 1 — Monitor 2
e =] B gl =} P
Copmand 1 Command 2
] Shutoff Isclation
[ Valve L4 Valve
CMIDY a
AS1 CMD/ AS 1 2
A1 AS 1 3
Selector Valve E
- - 3
<
- Resdree
Anti-skid
':j Shutoff
[l Valve
] Meter
] Valve Mechanidal
|::| Pedal Posifion ,
y

eal

©

FIGURE 24 - ARCHITECTURE ARCH 3 -SINGLE BSCU WITH DUAL COMMAND/MONITOR SUBSYSTEMS

Architecture 3 will be carried forward for the rest of this example.
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4.4.1.4 Wheel Brake System (ARCH 3) Preliminary System Safety Assessment (PSSA)

The Wheel Brake System PSSA is a compendium of the assessments and analyses performed during the concept and
preliminary design phases of the Wheel Brake System. The elements entered into the PSSA process included a
complete list of the initial safety requirements derived from the aircraft level and Wheel Brake System FHA’s and common
cause analyses, details from the design proposals that were reviewed to satisfy these requirements and assessment of
the design decisions undertaken for establishment of derived safety requirements for systems and installations.

The design proposals presented during the design review process are detailed in section 4.4.1.1.
architectural changes resulting from this review that were fed into the PSSA process are as follows:

The significant

Provide two means of applying wheel brakes by requiring normal and alternate braking system paths

The normal and alt
system

ernate—brake—systemwittmeet-thereqtirements—withotut-anyretiance—omthe emergency braking

Determined that thdg CU channels contained

within a single BSC

system safety requirements could be satisfied utilizing two, separate BY
.

44141 Fault Tree Analysis for the Wheel Brake System Architecture (ARCH3)

(Editor’s Note: This section would normally contain the fault trees for all significant fajlure conditions. This

example shows the
approach only was us

The fault tree depicted
changes stated above.
operating modes (norm
The analyses performeg
architecture proposed.

44142 FDAL Assig
Following the guidance
functional development

function. The required
Figure 17).

valuation of “Unannunciated loss of all wheel braking” only. T
ed for this example).

n Figure 25 reflects the design proposal.selected which incorporates thg
The fault tree identifies the initial allogations of probability budgets to e
al, alternate and emergency braking) 'with the normal mode given the m
confirmed that the derived safety(fequirements for the Wheel Brake Systs

nment for Wheel Brake System Functions

of ARP4754A/ED-79A section 5.2, the Wheel Brake System functio
assurance levels'that will be applied to the various development process

he fault tree analysis

significant architecture
hch of the three system
ost stringent allocation.
bm are satisfied with the

ns are to be assigned
s associated with each

FDALs for the braking system functions were derived directly from the braking system FHA (see

The braking system FH
failure condition resultin

A outputshows that the function “Decelerate aircraft using wheel brakin
j ina'Catastrophic event for the following conditions:

g” has the most severe

e [nadvertent wheel b

rake application with all wheels locked or not locked, or
L]

Undetected inadvertent wheel braking on one wheel without locking the wheel

As a result, the Wheel Brake System functions responsible for decelerating the aircraft while on the ground shall be
developed using a functional development assurance level of A.

The remaining functions that are part of or interact with the Wheel Brake System function as depicted in Figure 14Figure
are assessed separately to determine their respective FDAL assignments. The individual FDALs are inputs to the PASA
to confirm they match their respective aircraft-level function relative importance (aircraft-level FDAL) as depicted in
Figure 10. Following validation of FDAL of the system-level function at the aircraft-level, the braking system functions
FDALs are used in further development of the Wheel Brake System Preliminary System Safety Assessment:
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Loss of hydraulic
campanents

Wiheel Braking I

LIMARLSWIE

5S00E-07
Reguirement iz per s
flight baurs

Loz of Al'Wwhee! Braking

L=z of Annunciation
Capability

I LOSSaL LWE I

I MOAMCREDIT I

3 .00E-07

Fequiremert iz per 5

flight biowrs

AN\

PR GE: ApoE-00
Mg Sredil Taken

Mormal Brake System Does Alternate Brake Sydem Emergency Brake System
Mot Operate Does Mot Operate DoesMot Operste
LOSSH ORMYWE LOSSAL TWE LOSSEMRWE

1 .00E-04
Budgeted Prakbahility
per fight iz operationa
bioal

LOSSGRMN

PROB: 3 30E05
Budgeted Prakb.

Loz of Hydraulic
Components

Lozs of BSGN Ahility to
Command Braking

PROE 330E05 330E-05

Budgeted Prob.

PROENS DOE-03
Budgeted Prakb.

PROB: 1 .QOE-00
Mo Credi [Taken

Bzl Faut Causes Loss of
Braking Commands

Loz of Arcratt Eledrical
Power to BECU

BOTHBSCUSF

3.30E405

LESBSCUPMYWR

PROB: 1.00EL7
Higtaricsl Dsta

BECU 1 Failure Causes
Lozs of Braking Commandz

B=CU 2 Failure Causes
Lozs of Braking Commandz

BSCLMFAILS

BSCUZFALS

PROB: 575E-03 (1) PROB: 57FED3 (1)
RATE: 1.13E-03 ™ RATE 113E03 ™
EXPC: 5 H EXPC: 5 H

Budgeted FR Budgeted FR

FIGURE 25 - FAULT TREE FOR “UNANNUNCIATED LOSS OF ALL WHEEL BRAKING”
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4.4.1.4.3 Wheel Braking Sub-System (BSCU) Requirements

From the requirements identified at the aircraft level and Wheel Brake System FHAs and through the analyses carried out
during the PSSA process, lower level derived safety requirements are identified and passed down for assessment at the
BSCU sub-system level. For the braking system architecture selected, the lower level derived safety requirements are
input to the Wheel Brake System requirements, resulting in a reassessment of the system architecture as depicted in
Figure 26. The reassessment confirms the proposed design satisfies the lower level safety requirements identified.

Wheel Brake System
Architecture

Wheel Brake System (lower
level) Requirements

BSCU b

The probability of “‘BSCU Fault Causes Loss of Architecture

Braking Commands” shall be less than 3.3E-5

per flight. e,
The probability of “Loss of a single BSCU” shall P .»»"”" ‘i
be less thgn 5.75E-3 per flight. e R il
The probability of “Loss of Normal Brake Wheel Brak S | arimm™
System Hydraulic Components” shall be less ~~—T Psgf\ rake System &

than3.3E-% per flight.

The probapility of “Inadvertent braking due to
BSCU” shall be less than 2.5E-9 per flight.
No single failure of the BSCU shall lead to
“Inadvertent braking”.

The BSCU shall be designed to Development
Assurance| Level A based on the catastrophic
classificatipn of “Inadvertent braking due to

BSCU".

FIGURE 46 - WHEEL BRAKE SYSTEM DERIVED (LOW-LEVEL) SAFETY REQUIREMENTS

Figure 26 identifies thel link back from the BSCU._architecture to the wheel braking PSSA progess. Thisindicates the
reassessment activity required for the architectural decision, which was made late in the design process, to utilize a
single, dual channel BSCU to meet the Wheel\Brake System safety requirements.

4.4.1.4.3.1 Fault Treg Analysis Results for the Wheel Brake System Control Unit (BSCU)

BSCU only. Relevant fault trées for the remaining components of the wheel brake system were also prepared but

(Editor’s Note: This slection contains the fault trees for the significant failure conditiorzf associated with the
not shown in this example.. The fault tree analysis approach only was used for this example.)

The fault tree depicted T Figure 27 reflects the assessment performed speciiically for the dual channel BSCU design
(ARCH 3) selected in section 4.4.1.3 above. The analysis performed confirmed that the proposed architecture reasonably
satisfied the derived safety requirements for the wheel brake system at the item level. Figure 27 shows that the actual
predicted failure rate for “BSCU Fault causes loss of Braking Commands” is 1.5E-6 per flight, whereas the requirement in
Figure 26 for this event, which derives from the fault tree in Figure 25, is 3.3E-5 per flight.
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BECU Fault Causes
Loss of Braking
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1 .50E-06
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LOSEEYS182

4.73E-03
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RATE: 1.60E-07 M
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Systemn 1 Position and

Switch Failed Stuck in
| " tion

Switch Failed Stuck to
Systemn 2 Position and

TereTT

TEeTT

it

CESER|

2ATE-D4

Fage 2

2ATE-D4

BECUSWTCHF

PROCB: &
RATE: 1.30E-07 M
EXPO: 5 H

S0E-07 (1)

Loss of BSCL System 1

Switch Failed Stuck in
Systemn 1 Position

Loss of BSCL System 2

Switch Failed
System 2 P

Stuck in
ition

| Losssvst |

| swTcHFADLT ] |

Losssysz |

| SWTCHF

puLz |

2ATED4

Page 2

O

PROB: 130E-05 (1)
RATE: 1.30E-07 M
EXPO: 100 H

Power-up Test

2ATED4

Page 2

@)

PROB: 130E-05 (D
RATE: 1 30E-0F M
EXPO: 100 H
Power-up Test

FIGURE 27 - FAULT TREE FOR DUAL-CHANNEL BSCU

(Editor’s Note: Expansjion of the fault tree was carried out but not included for brevity.)

441432

The lower level PSSA g

BSCU Ha

fault tree analysis cond
tree analysis identified t
elements of the proposed BSCU design (that must be satisfied in order to meet the overall safet
outlines these key safely requirements derived from the wheel brake system level assessment
complex hardware and goftware ites-of the BSCU.

rdware and Software Item-Level:Requirements

rocess conducted for the BSCU established the relevant item level safet
icted confirmed that.these requirements were satisfied for the architectu
e set of safety requdirements that would filter down and be allocated to the

y requirements and the
re proposed. The fault
hardware and software

objectives. Figure 26
will be allocated to the

Apart from the BSCU cdmplex hardware and software, items in the system can be considered as
do not contain any softwar&>or complex electronic hardware. Therefore they may be consider
confidence equivalent tq IBAL A, provided they are appropriately fully tested and/or fully analyzed

cycle per section 5.2.3.3 of ARP4754A/ED-79A.

non-complex items and
d to provide a level of
uring the development

In addition, the independent voting-selection logic shown in the final

brake system architecture (Figure 24) is assigned an IDAL A as the result of assigning FDAL A to the entire BSCU
(Figure 28). For the BSCU, the FDAL and IDAL assignment will be performed as per Section 5.2.3 of ARP4754A/ED-
79A. The chosen assignment must be valid considering all hazards that can be produced by the BSCU. For instructional
purposes, only three of these hazards are detailed in this example, although the BSCU is involved in all failure conditions
of the System FHA shown in section 4.3.5. These hazards are:

a.

b.

C.

CATASTROPHIC.

Total loss of wheel braking (annunciated) at Landing, which is HAZARDOUS;

Inadvertent wheel brake application with all wheels locked at Takeoff after V1, which is CATASTROPHIC;

Undetected inadvertent wheel braking on one wheel without locking of the wheel at Takeoff, which is
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For each one of those failure conditions the Functional Failure Sets (FFS) involving the BSCU channels have to be
identified. Fault trees can be used as a tool to identify the FFSs, but caution is required as the FTA would identify the two

BSCU channels as separate elements of a cut set.

The item level IDAL’s determined from ARP4761 PSSA process are shown in Figure 28, below, and are used as an input
to the software development assurance processes of DO-178/ED-12 or the electronic hardware assurance processes of

DO-254/ED-80.

Elec Elec
Pedal Pedal
PWR1  Pos 1 Pos2 PWR2
Architecture 3
Trade off with supplier determines 1 LRU is more cost effective,
eases installation and maintenance, and still meets the safety
objectives
Things to consider for trade study:
1) Validation process that finds errors in location of@ecumdlator
and mechanical pedal position input
Mgnitor 1 Monitor 2
IDAL B H— IDAL B
(Hardware & (Hardware &
Software) Software)
Green Pump Blue Pump
Chpnnel 1 ﬁnawel 12
Corfimand 1 Command 2
IDAL B IDAL B
(Hardware & (Hardware & ]j Shutoff [ Isolation
Software) Software) N Valve A Valve
oMo/ AS 1[ MDD/ i
AqT ASt 2
Selector Valve E
£
B Reserve
Anti-skid
O ol S
‘ ]
! Valve
LW % Meter
el Valve Mechanical
| Pedal Position
_— g
| (All other items IDAL A)
Non-DO 254 Wheel
items
IDAL A O

FIGURE 28 - IDAL DETERMINATION FOR BSCU


https://saenorm.com/api/?name=93d936810c692a36c5035a2a095b74a9

SAE INTERNATIONAL AIR6110™A Page 53 of 107

The following derived requirement was added at the BSCU level for IDAL determination:
e |tem Development Assurance Level Requirements

Complex hardware and software development for the BSCU shall be performed to an item development assurance
level of at least level B for both channels, or to level A for one channel and at least level C for the other channel.
(Hardware in common to both channels (e.g. voting) remains at level A.). The BSCU Safety Assessment identified
that sufficient independence attributes exist to implement the system in either manner. (Case 2 in ARP4754A/ED-
79A Section 5.2.3.2.3.2).

Item Development Independence between each channel/Com-Mon shall be validated and verified to FDAL A.

T_he design team chose-to-develop-the independent command—and-monitor ineach channel tp IDAL B as shown in
Figure 28.

441.4.4 Derived Requirements Identified From PSSA

In addition to the wheel brake system item requirements, there are derived requirements identified|from the PSSA that are
to be assessed separatgly in the overall system safety assessment plan and includé the following:

e Installation Requirements

(i) The primary and secondary hydraulic supply systems are to be segregated or sufficiently sgparated and verification
done in Zonal Sgfety Analysis and Particular Risk Analysis (ref.(/ARP4761).

(ii) BSCU system 1 requires a source of electrical power independent from the source supplied tq the BSCU system 2.

(Editor’s Note: Additignal installation requirements are developed from the fault trees byt they are not shown
here for brevity).

e Requirements on Other Systems

An additional safety requirement has.been identified in the wheel braking PSSA, which affects/poses a constraint
on another system: “Loss of Green-Hydraulic supply to the Normal brake system” shall|have a probability less
than 3.3E-5 perf{flight.” This requifement is carried over and included in the hydraulic sydtem safety assessment
process.

(Editor’s Note: Additignal requirements on other systems are developed from the fault trees but they are not
shown here for brevity).

e Safety MaintenancelRequirements

It was determined that a maintenance task to functionally check for latent failure of the ALTERNATE braking
mode is necessary in order to satisfy the wheel brake system safety requirements. An Exposure time of 14,750
hours was budgeted for latent switch failures as this is the maximum exposure time which allows the top level
probability requirement to be met.

(Editor’s Note: Additional maintenance requirements may be developed from the fault trees but they are not
shown here for brevity).

(Editor’s Note: At this point in the example, it is assumed that the PSSA is sufficiently developed to enable detail
design implementation).
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4.5 Braking System Requirements Capture
451 Derived Braking System Requirements

(Editor’s Note: The following requirements were captured from the Systems FHA and implemented to the
requirements database. The requirements for a failure condition to be extremely remote or extremely improbable
follow from the assignment of failures in the FHA as hazardous and catastrophic, respectively).

The safety assessment, reliability and the design team discussions about the above requirements resulted in a new
architecture. The BSCU supplier declared that the past experience of the BSCU design shows that the failure rate of a
single control system cannot satisfy the safety objectives of the system FHA. In response to the BSCU declaration, the
Braking System supplier documented this change in Coord Memo S18 CMO0XX. The following requirements are inserted
into the Braking System specification.

Requirement Type of Description Source

Number Req

S18-WBS-R-0508 | Derived The wheel braking shall have at least two independgnt Coord Memo
Safety hydraulic pressure sources S18a-CM0O0XX

S18-WBS-R-0509 | Derived Wheel Brake System shall have dual channel BS€U and Coord Memo
Safety multimode brake operations to provide the required S18a-CM00XX

redundancy.

S18-WBS-R-0510 | Derived The rudder and nose wheel steering functions shall not be Coord Memo

Safety implemented by the wheel brake system. S18a-CMO0OXX

FIGURE 29 - BRAKING SYSTEM SPECIFICATION

The above requiremerfts imposed a new architecture and the-architecture trade studies gontinued until all the
requirements were validated.

The following requireménts apply to the new architecture) with a dual channel BSCU and twg hydraulic systems as
described in Section 4.4.1.2. Within the new architecture, new requirements are inserted to the database from safety
assessments, certificatign requirements and design decisions.

Requirement # Type of Req Description Rationale

S18-WBS-R-0631 | Certification Wheel Brake System shall indicate individual wheel temperature 14CFR
25.735

S18-WBS-R-0632 | Certification Wheel Brake System shall control individual wheel pressjre 14CFR
25.735.

S18-WBS-R-2971 | Degsign Decision | Wheel brake system shall have one NORMAL operating jnode
S18-WBS-R-2972 D¢sign Decision | Wheel brake system shall have one ALTERNATE operating mode
S18-WBS-R-2973 Defsign Decision | Alternate system operation shall be precluded during normal

oneration

peration
S18-WBS-R-2974 | Design Decision | An accumulator shall be used to back up ALTERNATE brake
system operation.

S18-WBS-R-2984 | Safety The normal and alternate operating modes shall be designed to S18 WBS
mitigate any common threats (e.g. tire burst, tire shred, flailing PSSA
tread, structural deflection).

S18-WBS-R-2985 | Safety The normal and alternate operating modes shall be designed to S18 WBS

preclude any common mode failures (hydraulic system, electrical | PSSA
system, maintenance, servicing, operations, design,
manufacturing, etc.).

S18-WBS-R-2986 | Safety The BSCU shall be designed to Functional Development S18 WBS
Assurance Level A. PSSA
S18-WBS-R-2997 | Safety The BSCU shall have two independent command channels. S18 WBS

PSSA
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Requirement # Type of Req Description Rationale
S18-WBS-R-3000 | Safety The IDAL allocation for BSCU Com shall be IDAL B. S18 WBS
PSSA
S18-WBS-R-2998 | Safety The BSCU shall have two independent monitor channels. S18 WBS
PSSA
S18-WBS-R-3001 | Safety The IDAL allocation for BSCU Mon shall be IDAL B. S18 WBS
PSSA

S18-WBS-R-2999 [ Design Decision | The BSCU shall have two independent power sources
S18-WBS-R-3011 | Design Decision | Brake pedals shall be independent from the rudder control

S18-WBS-R-3213 | Design Decision | Normal brake hydraulic system shall be powered from Aircraft's
Right Hydraulic (Green Line) System

S18-WBS-R-3224 | Design Decision | Alternate brake hydraulic system shall be powered from Aircraft's
I——Gente#Resewe-Hydmhe-éBlue-I:me)-System—
S18-WBS-R-3245 | Dé¢sign Decision | Alternate operating mode shall be automatically selected when
the normal mode fails

FIGURE 30 - WBS REQUIREMENTS FOR DUAL CHANNEL BSCU AND TWO HYDRAULIE€ SYSTEMS ARCHITECTURE

The above higher level requirements have to be further decomposed into the item devel and interface requirements. The
following sections describe some of these capturing processes.

4.5.2 Interface Requirements

(Editor’s Note: The braking system must be integrated with other aircraft systems in order td be able to achieve the
aircraft level function of decelerating the aircraft while on the ground. Managing the associated systems interface
requirements is a critigal part of the Wheel Brake System integration at the aircraft level. It js important to ensure
that the Wheel Brake Bystem is both receiving inputs reguired from other systems as wel| as providing outputs
required by other aircraft systems functions. The development of associated interface requirements begins with
the identification of which aircraft systems support the"Wheel Brake System function (which in turn supports the
accomplishment of system derived safety requirements). Likewise, those safety requirements for other aircraft
functions that are supported by the Wheel Brake System are also highlighted. A thorough assessment of the
associated functional failure conditions is performed during the PSSA process to gain an agcurate understanding
of the contribution each interfacing function.lends to the Wheel Brake System functional faijures assessed during
the Wheel Brake Systen FHA process and)the resultant hazard classifications. These interface details (e.g. hazard
classifications, development assurance’ levels) are then passed back through their respective system safety
assessment processes|for consideration in their system development assurance process).

4.5.2.1 Wheel Brake Bystem/Aireraft Interface Requirements (Inter-System)

The key system-to-systgm-interfaces that were considered for the braking system are as follows:

e Hydraulics

e Electrical Power System
e Pilot Controls

e Flight Deck Displays

e Propulsion

e Proximity Sensing

o Earth Reference System
¢ Landing Gear Actuation

e Health Management System
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The BSCU interface to the aircraft is comprised of two separate types of communication: those needed for the braking
function and those needed for health monitoring. The following Wheel Brake System interface requirements were added:

Requirement #

Type of Req

Description

Rationale

S18-WBS-ICD-0001

Interface

The BSCU shall receive the following
inputs from Pilot Controls:

eBrake pedal

eParking brake lever

eAutobrake selector switch

eThrust lever resolver angle

eFuel cutoff switch

Wheel Brake System
architecture trade study

S18-WBS-ICD-0002

Interface

The BSCU shall receive the following
inputs from the Propulsion system:

e Thrust lever resolver angle

o Fuel cutoff switch

Whee)-Brgke System
architeetufe trade study

S18-WBS-ICD-0003

Interface

The BSCU shall receive the following
inputs from the Proximity Sensing
System:

e  Truck tilt (on-ground)

e Speed brake lever

Wheel Brgke System
architecture trade study

S18-WBS-ICD-0004

Interface

The BSCU shall receive the following
inputs from Earth Reference System:
e Ground speed

e Pitch attitude

e Longitudinal acceleration

Wheel Brgke System
architecture trade study

S18-WBS-ICD-0004

Interface

The . BSCU shall receive the following
inputs from Landing Gear Actuation:
¢ Landing gear lever

Wheel Brgke System
architecture trade study

S18-WBS-ICD-0006

Interface

The BSCU shall receive power from
Electrical Power System.

Wheel Brgke System
architectuffe trade study

S18-WBS-ICD-0101

Interface

The BSCU shall transmit the following
outputs to Flight Deck Displays:
o Brake temperature

Wheel Brgke System PSSA

e [ire pressure
e Brake Pedal information
o Brake pedal

S18-WBS-ICD-0102

Interface

The BSCU shall transmit the following
outputs to Health Management System:
Fault reports

Wheel Brake System PSSA

FIGURE 31 - WHEEL BRAKE SYSTEM INTERFACE REQUIREMENTS
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The brake system safety assessment and architecture trade studies are not the only sources of the requirements. Other
aircraft systems can impose new requirements to Wheel Brake System. For example, the hydraulics system will be sized
based on the required inputs for the flight control systems and the braking systems. In this example, the maximum
hydraulic pressure is 2400 psi. This is a requirement imposed on the braking system. Moreover, the Wheel Brake
System also imposes requirements to other systems. For example:

The following requirement has been sent to the ground spoiler system: The spoilers shall increase the ground contact
force xx% at speeds greater than XXX on ICAO PCN XX/... runway surface.

4.5.2.2 Interface Requirements (Intra-System)

The following Wheel Brake System intra-system interface requirements were added for the interfaces between systems
and items of the braking system:

Requirement # | [Type of Req. | Description Ratignale
ARP-BRAKE- nterface The BSCU shall transmit the following to the Whegl Brake System
ICD-1001 brake actuator: architecture trade

e Total commanded clamping force study

o Brake temperature
e Wheel speed

ARP-BRAKE- nterface The brake actuators shall respond to/a*BSCU Whegl Brake System
ICD-1002 command within 5 ms of receiving.it timing analysis
ARP-BRAKE- nterface The brake actuator shall transmitthe following Whegl Brake System
ICD-1101 information to the BSCU: architecture trade

e Total measured clamping force study

e Brake actuator power valid status

FIGURE 32 - WHEEL BRAKE SYSTEM INTRA-SYSTEM INTERFACE REQUIREMENTS

(Editor’s Note: An end-to-end timing analysis, coupled with simulations, was used to deteriine the interface
timing constraints. THis level of detail is left outfor the sake of brevity).

4.5.3 Braking System|Requirements Specification

The final Braking Systems Requirements Specification contains the derived requirements| from the architecture
development, derived Safety requirements from the PSSA and the intra-system and inter-system interface requirements.

The following table identifies the origin of these requirements (operational or safety-derived) and a traceability roadmap
back to the aircraft and/pr braking system level requirements, as appropriate. These requiremenis then flow down to the
braking system and subtsystems developers as design specifications.

(Editor’s Note: Due to the complexity of the requirement integrity and size, not all requirements developed for
the braking system are shown. Those requirements which trace back to the aircraft requirements shown in
section 3.5 or to the system-level requirements shown in section 4.5.4.1 are shown here, as well as requirements
shown in the braking system validation and verification matrices).
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FIGURE 33 - WHEEL BRAKE SYSTEM REQUIREMENTS SPECIFICATION
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FIGURE 33 - WHEEL BRAKE SYSTEM REQUIREMENTS SPECIFICATION - CONTINUED
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FIGURE 33 - WHEEL BRAKE SYSTEM REQUIREMENTS SPECIFICATION - CONTINUED
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4.5.4 Allocation of Subsystem-Level Requirements

The following sampling of subsystem-level requirements are flowed down to the braking system sub-tier suppliers as the
result of the final system architecture and interface requirements determined in sections 4.4 and 4.5.2. For brevity, only
the BSCU sub-system requirements are shown in this example. Safety requirements allocated to the BSCU were
determined by the fault tree analysis of the BSCU shown in section 4.4.1.4.3.1. The BSCU requirements are traced from
their corresponding braking system requirements in the braking system specification.

4541 BSCU Subsystem Requirements

The following is a sample of the requirements for the Brake System Control Unit, which shows traceability back to the
Wheel Brake System requirements.

Requirement # SFHY-Description tRY Traced From
AIIocati0|||

The BSCU shall be designed to Functional

S18-BSCU-R-0001 | r | Development Assurance Level A based on the BSCU || S18-wBS-R-2986
catastrophic classification of “Inadvertent braking due
to BSCU".
The probability of “BSCU Fault Causes Loss of

$18-BSCU-R-0002 | Braking Commands’ shall be less than 3.3E-5pér | BSCU || S18-WBS-R-6104
flight.

The probability of “Loss of a single BSCU% shall be
less than 5.75E-3 per flight.

The probability of “Inadvertent braking due to BSCU”
shall be less than 2.5E-9 per flight.

No single failure of the BSCU shall lead to
“Inadvertent braking”.

BSCU shall calculate the.required braking force as
per graphs given in:"S38-WBS-R-1613

S18-BSCU-R-0003 | \¥ BSCU S18-WBS-R-6105

S18-BSCU-R-0004 | Y BSCU S18-WBS-R-6106

S18-BSCU-R-0005 | I BSCU S18-WBS-R-6107

S18-BSCU-R-0006 | N BSCU S18-WBS-R-1613

S18-BSCU-R-0008 | N BSCU shall control'the metering valves. BSCU Derived
S18-BSCU-R-0009 | N BSCU shall-control the anti-skid valves. BSCU S18-WBS-R-0044
S18-WBS-R-0045

S18-BSCU-R-0012 | [¥ BSCU shall control the shut off valves. BSCU S18-WBS-R-0049
S18-BSCU-R-0027 | ¥ BSCU shall have two channel single LRUs. BSCU S18-WBS-R-0509
S18-BSCU-R-0051 | [¥ Each BSCU channel shall have a monitoring unit. BSCU S18-WBS-R-00509
S18-BSCU-R-0075 | [¥ Each BSCU channel shall have a control unit. BSCU S18-WBS-R-0509
S18-BSCU-R-0099 | Y Each BSCU channel shall have independent power. | BSCU Derived
S18-BSCU-R-0123 | ¥ Each BSCU channel shall haye i'ndepe_ndent pedal BSCU Derived

input to both control and monitoring units.

The command units of each BSCU channel shall be S18-WBS-R-2997
S18-BSCU-R-0124 | Y | dependent. BSCU | s18-wBS-R-0509

The monitoring units of each BSCU channel shall be S18-WBS-R-2998
S18-BSCU-R-0125 | Y | dependent. BSCU | s18.wBS-R-0509
S18-BSCU-R-0126 | Y The command channel hardware and software of BSCU S18-WBS-R-3000

each BSCU shall be developed to IDAL B.

FIGURE 34 - BSCU SUBSYSTEM REQUIREMENTS
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4.6 Braking System R

equirements Validation

(Editor’s Note: This section focuses on the activities which took place during the requirements validation of the

Wheel Brake System

Requirements.

Requirements validation involves performing activities which provide

sufficient evidence that each requirement is correct and that the requirements as a whole are complete).

As described in ARP4754A/ED-79A Section 5.4, there are numerous methods for validating the requirements. For this

example, the following a

ctivities were performed:

Formal peer review of each requirement

Formal peer review

e Formal peer review

4.6.1 Braking System
The matrix given below
System development pr

(Editor’s Note: A valid,
validation process. T
requirements; only tw(

Example of some req
5.3.1 (safety require
performance requirem
This model is also us|
lower level requiremen

DT validation method 1or each requirement

pf validation method evidence
Validation Matrix
is a sample of how to validate the requirements (and assumptions)
DCESS.
e specific format is left up to the developer." This matrix should co
b are shown here.
irements are given in this matrix. All requirements defined in AR
nts, etc.) related to braking system should be validated by using th

ed to validate groups of requirements. Traceability between top le
ts should be established).

System simulation model to validate the system architecture and safety objectives of system components

hroughout the Braking

tion matrix or other adequate approach is desirable to track the statxs of the requirements

tain all of the system

P4754A/ED-79A para.

ents, functional requirements;\ customer requirements, operational requirements,

e same methodology.
vel requirements and
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FIGURE 35 - BRAKING SYSTEM VALIDATION MATRIX
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*These requirements are created by the Aircraft manufacturer and flowed down to system supplier. Validation of the
requirements will be done by the Aircraft manufacturer with assistance from the system supplier.

(Editor’s Note: This matrix should be updated regularly during the development and included in the validation
summary. This matrix will be finalized when all validation conclusions become valid or justified in an open
problem report. Because the example does not contain a complete set of requirements, it is not possible to
include a requirements completeness check.

Requirements, validation methods and validation evidence should be independently reviewed. Needs for
independent review depends on the development assurance level of the function related to requirements (see
ARP4754A/ED-79A section 5.4.5 for the needs for independency of validation). To ensure the independence of
validation the braking system supplier used the process shown in Figure 36, which was documented in their
Requirements Validation Plan. Other methods than this process flow may be used to satisfy independence. The

objective of independence is to ensure that if errors are made during requirements development, they are visible

in the validation evidehce).

Requiremgnts Development Independent Review Gf,Requinements
and Vahdation

A
. ™ -

L 4

‘ Create Indiyidual Requirements « Review Individual Requirements

L

Determine Validation Methods

for Individugl Requirements Review Validation Methods

Create Problem Report

L

Perform Validation and Create

Validation dvidence Review Validation Evidence

'y

FIGURE 36 - YALIDATION {INPEPENDENCE (TAKEN FROM REQUIREMENTS VALIDATION PLAN)

Editor’s Note: Problem reports'were established starting after the first baseline of requirements was created and
continued to be gene¢rated , throughout the requirement validation process. The braking system supplier’s
internal non-conformdncé control procedure was used to capture and maintain the problem reports during the
validation process.

Editor’'s Note: Correctness checks of the requirements should be carried out at each level of the requirements
hierarchy. The correctness checklist may be performed in accordance with ARP4754A/ED-79A paragraph 5.4.3.
For brevity’s sake, only a subset of the ARP4754A/ED-79A correctness check is included in Figure 37.

Editor’s Note: The following checklist was used by the system supplier to validate correctness of the braking
system requirements).
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Correctness Check Criteria

Results (Yes/No)

Problem Report No

Does the requirements have a
unique interpretation
(unambiguous)?

Y

If it is a derived requirement
supported by a rationale?

EPR-WBS-R-0007
EPR-WBS-R-0008

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

Is failure cond|tion classification
justified?

Are all system|failure conditions
identified and ¢lassifed correctly?

Does the requjrement set correctly
reflect the safety analyses?

F

(Editor’s Note: Below

js an example of a validation problem report description).

GURE 37 - BRAKING SYSTEM REQUIREMENTS\€ORRECTNESS CHE(K

EPR-WBS-R-0007

The requirement “S18-W
PSI will be sufficient to d
PSI value. Therefore, th{
a) simulation of the arc
b) airframer provided th

BS-R-0065: The accumulator shall be capable of providing 2000 PSI (ag
top aircraft) needs to be furtheranalyzed. There should be a rationale for getermining the 2000
p following methods may be'used for justification;

hitecture
e following information:

All information has been

need to be gble to apply the brakes 6 times during an emergency landing deceleration|(need to be able to
press and r¢lease to avoid skidding when anti-skid is not available).
the design df the brake actuator uses approximately 300 psi per full depress of the mefhanical pedal (source
of informatign is brake actuator supplier and is based on volume of actuator versus volume of accumulator

plus hydraulic line).
design margin of X%

evaluated about accumulator and we decided that we need accumulator ¢apable of at least 1800

sumption that 2000

PSI. And requirement is corrected as below;

S18-WBS-R-0065: The accumulator shall provide a minimum of 1800 PSI.

FIGURE 38 - EXAMPLE VALIDATION PROBLEM REPORT

(Editor’s Note: Completeness checks should be performed by reviewing outcome of validation process

(templates, checklists, reports, etc.).

certification authorities and developers.
accordance with ARP4754A/ED-79A Para.5.4.4.1. The following checklist was used by the system supplier to
validate completeness of the braking system requirements).

These checks may be performed by customers, users, maintainers,
Checklists may be used for completeness checks and prepared in
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Completeness check criteria

Results (Yes/No)

Problem Report No

Are the procedures /templates developed and the
system established for traceability of requirements

Y

Is traceability with supporting rationale established
from aircraft level to item level?

Are all requirements (performance, operational,
customer, etc.) from contract fully covered?

Are all higher level functions allocated to this system

fully covered?

Are all safety re

uirements. rnprnennfnd inthe

requirements se
assessments, in
etc.)?

(from FHA, previous safety
service lessons learned, novelties,

Are all regulator
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FIGURE 39 - BRAKING SYSTEM REQUIREMENTS COMPLETENESS CHECK

(Editor’s Note: After the completeness check of the requirements it was determined that the set of requirements
defining brake temperature was not sufficient. Brake temperature is very important data to prevent possibility
of a fire hazard. The following requirements were identified to be added to the Wheel Brake System requirements

specification to satisfy the completeness check).


https://saenorm.com/api/?name=93d936810c692a36c5035a2a095b74a9

SAE INTERNATIONAL AIR6110™A Page 67 of 107

o Wheel Brake System shall control individual wheel temperature.
o The brake system shall have a temperature monitoring system.

e The brake system shall indicate the brake temperatures to the crew through the flight deck indications.

The Brake temperature indications and warnings should be available to the flight crew to ensure:
e the brakes are not above the maximum temperature prior to take-off,

e brake temperature differentials are within limits,

e the delay of the retraction of the gears when the brakes are above a specified brakes hot temperature

4.6.2 Validation Results

There are two requiremgnts that need further analysis. Model base analysis has been €stablished fo finalize validation of
these requirements.

System requirement to he validated is:
S18-WBS-R-2973 Operation of the alternate system shall be preeluded when the NORMAL system is in use.
Derived system requirement from Arch.3 to be validated is:

The accumulatof shall be attached to the blue hydraulicline between the selector valve and the Anti-Skid Shutoff
valve.

Validation method used |s;
Model based analysis (i.e. Simulation).
Results of model based pnalysis;
Architecture 3 has been simulated and the behavior model for each system component hag been established.
Results of the modeling aré\that the schematic of the braking system architecture does no{ work and there are
some mistakes in the sechematic. Risk of hydraulics supply to brakes is possible in normallmode by accumulator.

Therefore accumulator position needs to be changed to meet the requirement S18-WBS-R-2973. Derived
system requirerrrents from arch.3 are not correct and needs to be changed.

Corrected requirement is: The accumulator shall be attached to the blue hydraulic line between the isolation valve and
the selector valve. (Architecture 4)

Requirement derived from the architecture 4 is correct, complete and valid. Correctness and completeness of the
requirement has been performed by using the checklist.

Design change according to validation process from arch.3 to arch.4 is given below:
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FIGURE 40 - ARCHITECTURE COMPARISON

4.6.3 Validation Summary

The applicable requirements were reviewed;“analyzed and validated for Braking System of S18 Ajrcraft. The validation of
the requirements has bgen performed in.compliance with the Braking System Requirement Management Plan. Additional
analyses were done to determine the)required rigor. The validation status of all requirements was [raised to “valid”. Model
based analysis has been used to support the validation of requirements.

4.7 Braking System Integration

This example focuses omthebrakingsystermmbutthere—are-nmteractions withrinterfacingsysterms™ that require integration
activity to manage these interactions. For clarity in the example these interactions are not discussed in detail in the rest of
the example, but some examples are provided here.

All the elements which can cause aircraft acceleration or deceleration require a robust air-ground indication. It is typical
that the powerplant, the thrust reverser, the brakes and the spoilers all need such a robust air-ground indication, but may
be constrained not to use the same sources, and typically may not use any one source. With only a few available
sources, it can be a challenge to avoid common modes. Additionally, brakes will be ineffective unless the ground spoilers
have deployed. An erroneous air ground indication for the both the thrust reversers and either the brakes or spoilers
would violate their independence.
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4.8 Braking System Process Assurance
4.8.1 Braking System Process Assurance Plan

The process assurance plan for the Braking System was developed during the project planning phase of the development
life cycle. For more information on process assurance, refer to ARP4754A/ED-79A, section 5.7.

4.8.2 Evidence of Process Assurance
Throughout the development life cycle, evidence was collected to document that the processes planned were adequately

followed. This evidence allowed auditors to assess the level of rigor that was carried out for each development process
and determine whether that rigor was appropriate for the relative importance of the system.

Each of the plans develpped-fo i included-i ' vas to be followed. For
example, WBS-0001-105, the WheeI Brake System Reqwrements Management PIan (see Appendix B) states that the
individuals who reviewed the validation methods and validation evidence must be independent flom the individuals who
created the validation g¢vidence. The process assurance activities included audits that verified that this independent
review of the methods apd evidence took place as shown below.

Requirement Inspection Issue Log

Inspection ID: WWEBS System Requirements Inspection Date of Inspection: 2-Dec-08

Type of Checklist
Inspector |ltern # Line|lssue Rule Brief Description Problem|Report (if opened)

The requirement state s "WEBS shall control individual
wheel pressurd™but should probably state "WES shall
ARP-BRAKE-R-0E32 Minar controlthe bydraulic pressure to each wheel individually.”

The requirement states "The braking system shall provide
aneautd brake system/ |s "auto brake system” meant to
be sEparate sub-system or just a function that the braking
ARP-BRAKE-R-0043 Ilajor systern should implement?

Based on the simulation results, the requirement needs to
be updated to state: "The accumulator shall be attached
to the blue hydraulic line between the selector valve and
ARP-ACFT-R-0184 Ilajor the AntkSkid Shutoff valye” EFPFR-ERRKE-F-0008

FIGURE 41 - BRAKING SYSTEM REQUIREMENTS INSPECTION LOG

The development process included major phase reviews. At the end of each major development phase, a project wide
design review was held to ensure that the program’s objectives were being met. Below is the review checklist sign-off
sheet indicating that the Wheel Brake System Systems Requirements Review phase was adequately completed and the
evidence reviewed.
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REQUIRED PARTICIPANTS

Design Lead Date
Systems Engineering Date
Date
Safety Date
oPTIONALPARTOPANTS |
Contracts Date
New Business Development Date
Reliability Date
Mfg Planner Date
Test Date
Servige Center Date
Other Date
Other Date
aeRovAs |
Desigh Mgr Date
Team|Ldr Date

4.9 Braking System Q

4.9.1 Configuration Id
The following table shoy
items identified from th
Figure 24. The braking
COM and MON hardwd

required DO-178/ED-12

configuration items. Sor
non-complex hardware i

FIGURE 42 - BRAKING SYSTEM REQUIREMENTS REVIEW ARTIFACT
onfiguration Management
entification

vs the braking system;-hardware and software configuration items (Cl’s) a
b final system arnchitecture shown in Figure 2Figure 0 and the item-leve
system itself, along with its associated data items, is at the top-level of cg
re and software are separate configuration items. The associated BSCU
and DO-254/ED-80 data items for the assigned IDAL of these s
he datasitems have been omitted from this example for brevity. All other|
tems_for which DO-254/ED-80 is not required.

hd their associated data
| architecture shown in
nfiguration. The BSCU
data items include the
oftware and hardware
configuration items are

All Cl identifiaction num
system ID number and t

he individual supplier part numbers.

pers—are abbiylu:u' 'uy the 'L)la'r\illg system illtcglatw, whomaintains—a—cross-reference between the
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FIGURE 43 — WHEEL BRAKE SYSTEM CONFIGURATION ITEMS - CONTINUED
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4.9.2 Configuration Baseline Establishment

The following table describes the established braking system configuration baselines and their purpose. A configuration
baseline is a snapshot of the system configuration consisting of a released version of each configuration item. Major
baselines (x.0) correspond to major system releases for major project milestones. Minor baselines (x.1,2,...) correspond
to iterations between major baselines. During system integration, minor baselines serve to highlight stages of integration,
as shown in the table.

WBS Baseline Cl Name Cl Version | Purpose
1.0 BSCU COM HW 1.0 Requirements compliance
BSCU COM SW 1.0 substantiation baseline
BSCU MON HW 1.0
BSCU MON SW 1.0
2.0 BSCU COM HW 2.0 First system integration baseline
BSCU COM SW 2. (BSCU COM onply)
2.1 BSCU COM HW 2.1 2nd system intégration baseline
BSCU COM SW 2.1 (BSCU COM+NMON)
BSCU MON HW 2.0
BSCU MON SW 2.0
2.2 BSCU COM HW 2.2 Final system infegration
BSCU COM SW 2.2 baseline (BSCW + hydraulics)
BSCU MON HW 2.1
BSCU MON SW 2.1
Shutoff Valve 1.0
Isolation Valve 1.0
Selector Valve 1.0
Anti-Skid Shutoff Valve 1.0
Metering Valve 1.0
Brake Pedal Position Sensor 1.0
Accumulator 1.0
3.0 BSCU COM HW 3.0 Flight Test basgline
BSCU COM SW 3.0
BSCU MON HW 3.0
BSCU MON SW. 3.0
Shutoff Valve 2.0
Isolation Valve 2.0
SelectorValve 2.0
Anti-Skid Shutoff Valve 2.0
Metering Valve 20
Brake Pedal Position Sensor 2.0
Accumulator 2.0
4.0 BSCU COM HW 4.0 Certification baseline
BSCUCOMSW 40
BSCU MON HW 4.0
BSCU MON SW 4.0
Shutoff Valve 3.0
Isolation Valve 3.0
Selector Valve 3.0
Anti-Skid Shutoff Valve 3.0
Metering Valve 3.0
Brake Pedal Position Sensor 3.0
Accumulator 3.0

FIGURE 44 - WHEEL BRAKE SYSTEM CONFIGURATION BASELINES
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4.9.3 Change Control and Problem Reporting

As an example of the Wheel Brake System change control and problem reporting procedures, consider the problem
report EPR-WBS-R-0007 shown in Figure 38. This problem report was written against Wheel Brake System requirement
S18-WBS-R-00XX. As a result of the recommendation of this problem report, a change notice was raised against the
baseline 1.0 of WBS-0001-103, the Wheel Brake System Requirements Document. This and other changes resulting
from the requirements validation process were incorporated into a minor baseline 1.1 of WBS-0001-103. The example
engineering change notice (ECN) is shown below.

ECN # 12345-67 Class I Date 03-DEC-08
Entered by : Jjsmith
Eng Resp : 01 Urgent : N Program : 12345
Released by : JSMITH
Customgr—Approvatr Regd T T CustT—Approvar Date 03=BE§-2008
Ref Op Code Iten| Number E/C Rev Qty Requested By
1 100 WBS10001-103 New 1 JSMITH
DESCRIPTION: Delefe requirement S18-WBS-R-00XX and replace by requirement S18-WBS-R-00YY.
S18-WBS-R-00XX:  The accumulator shall capable of providing 2000 PSI.
S18-WBS-R-00YY:  The accumulator shall capable of providing 1800 PSI.
REASON: The requirement has been adjusted based on additional infortdation provided by the airframer.
SUBSTANTIATION: See problem report EPR-WBS-R-0007.

FIGURE 45 - WHEEL BRAKE SYSTEM ENGINEERING CHANGE NOTIC

5. BRAKING SYSTEM|AND AIRCRAFT-LEVEL VERIFICATION

he verification process for the aircraft-level braking requirements given in[ section 2.5 and shows

and aircraft-level verification artifacts generated by this process.

This section describes t
the braking system-leve
pontrol Unit Verification

5.1 Braking System C

When developing the Bfaking System Requirements, the system supplier chose to create the vdlidation and verification

matrices at the same f
validation and verificatid
tried to determine the m
but the verification meth
shows some of the BSQ
to verify each requiren

me. Their implemeéentation method was to use the requirements data
n matrices. Forleach requirement the required verification attributes are
bthod of verification at the time of generating the requirement. This was n
od was determined and reviewed prior to the verification activities being
U-level requirements, their associated braking system-level functions, the
nent, seferences to the verification procedures, verification results an

pbase to also store the
stored. The company
ot possible in all cases,
performed. Figure 47
methods to be applied
i any problem reports

generated, and the verification-conclusion (pass/fail).

(Editor’s Note: The verification matrix is based on the BSCU-level requirements shown in 4.5.4.1. For each
requirement, appropriate verification method(s) are chosen. Since the FDAL of the Decelerate Aircraft on Ground
aircraft function is A (see requirement # S18-ACFT-R-0933), according to Table 5.4 of ARP4754A/ED-79A the
verification methods must include Analysis, Modeling or Test for Level A functions. Test of unintended
functions is also required. If it is not feasible to perform a test to verify the requirement, then an analysis method
is chosen. Verification of safety requirements, particularly those dealing with failure rates or to show that a
particular failure condition is extremely remote, is typically performed by an SSA).

Once the verification method(s) for each requirement are reviewed and determined to be adequate for the FDAL and
specifics of the requirement, the company begins to develop verification methods. In most cases, this involves formal test
procedures. For formal test procedures, the company has chosen to develop a test setup and test procedures to run on
that setup. The company has called these tests their System Integration Tests (SITs). The formal SITs test procedures
were documented on test procedure forms as shown in Figure 46. Each test procedure is traced to one or more
requirements depending on how many requirements the test exercises. After all of the identified test cases have been
identified, the test procedures were reviewed using the following checklist:
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Test Procedure Inspection Checklist

o Does each test have a header that identifies the author, revision date, test objectives, required configuration, and
initial setup?

e |s each test traceable to a specific requirement defined in the requirements?
e Does the test procedure define the exact sequence of steps required to execute the test?
e For each test, are the expected results clearly defined?

e Are the expected results consistent with the requirements?

o Are the test objectives achievable?
e Is test specimen configured and does it match data from manufacturer?
e |s test platform représentative and calibrated?

After all of the identified |verification procedures were written, the verificatioh.matrix was again revigwed. This time, each
requirement was reviewgd using the following checklist.

Requirement Verification Checklist
¢ Do the verification nmpethods allocated to this requirementfully verify the requirement?

e Are any limits specified within the requirement accutately tested?
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System Integration Test (SITs) Procedure
Test No: S18-BSCU-SIT-0068 Date:

Test Procedure Name: Maximum Braking Force Calculation

Requirements Coverage: S18-BSCU-R-0006
S18-BSCU-R-0008
S18-BSCU-R-0009
S18-BSCU-R-0012
Add ARP_BRAKE_XXXX
Add ARP_BRAKE_XXXX
Add ARP_BRAKE_XXXX

Test Description:

This test demopstrates the proper determination of braking force required given varying/Wheel speed and
air speed inpufls. This test is performed for each condition defined S18 Brake Force*Analysis AAS18-
XXX.

Test Setup:

Figure NN.N depicts the test setup for S18-BSCU-SIT-0068. The aireraft simulation (locgted in the test
station) providgs simulated wheel speed and airspeed to the BSCU.) The test station loops through the
various conditipns defined in S18 Brake Force Analysis AAS18-XXX and provides the appropriate inputs
for each test cqse. It also records the output of the BSCU to determine if the BSCU matdhes expected
results.

Test Steps and Success Criteria:

Test  Test $tep Description Expected Actual Results Pass
Step Results [Fail
1 Wit: XXX, XXX Ibs XXX psi

Autohrake mode: AUTO Green Meter

Whegl Speed: XX rpm Valve Actuation

CAS:|XX knots
Whesgl Temperature: XX'degrees F

2 Wit: XXX, XXX Ibs YYY psi
Autolrake mode: AUTO Green Meter
Whegl Speed: ¥X<pm Valve Actuation

CAS: (XX knots
Whesgl Temperature: XX degrees F
3

NOTE: the test station records the inputs from the BSCU and flags a test failure if it does not meet these
criteria. The recorded data is stored on the test station for post processing after the test is complete.

Test Results: PASS FAIL

Failure Description:

Failure Resolution:

FIGURE 46 — BSCU SYSTEM INTEGRATION TEST PROCEDURE
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FIGURE 47 — BRAKING SYSTEM CONTROL UNIT VERIFICATION MATRIX (EXCERPT)
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5.2 Wheel Brake System Level Verification

The verification matrix (Figure 40) shows the Wheel Brake System-level requirements flowed down to the BSCU, their
associated system-level functions, the methods to be applied to verify each requirement, references to the verification
procedures, verification results and any problem reports generated, and the verification conclusion (pass/fail).

(Editor’s Note: The verification matrix is based on the system-level requirements shown in section 4.5.3. For
each requirement, appropriate verification method(s) were chosen. Since the FDAL of the Decelerate Aircraft on
Ground aircraft function is A (see requirement # S18-ACFT-R-0933), according to Table 5.4 of ARP4754A/ED-79A
the verification methods must include Test and one or more others for Level A functions. Test of unintended
functions is also required. Note that testing of certain system-level requirements must be deferred to the
aircraft-level (see for example S18-WBS-R-0020. If it is not feasible to perform a test to verify the requirement,
then an analysis method is chosen. Verification of safety requirements, particularly those dealing with failure
rates or to show that a particular failure condition is extremely remote, is typically performed by an SSA).

Figure 48 below is an eample of a system integration test procedure form.

System Integrati
Test No: S1

pn Test (SITs) Procedure

B-WBS-SIT-0099 Date:

Test Procedure Name: Autobrake Function

Requirements Cpverage: =~ ARP_BRAKE_0043

Test Description

This test demon

engages pressu
surface. The airq
aircraft drag and

Test Setup:
Figure NN.N dey

station) provides
and airspeed to

Test Success Cijiteria

strates the proper operation of the autobrake function. This function autom
ized wheel braking at the pilot-selected pressure level upon touchdown to
raft automatically decelerates at the selected level regardless of other fac
other deceleration methods:(such as deployment of thrust reversers or sp

atically

the landing
ors, such as
oilers)....

icts the test setup-for S18-WBS-SIT-0099. The aircraft simulation (locate
the touchdown.indication, the pressure level selected by the pilot, simulat
he BSCU. ‘Fhe‘test station receives...

1) For each con

Tition listed above, the Wheel Brake System shall ....

i in the test
cd wheel speed

2) ...
3) ...

NOTE: the test station records the inputs from the Wheel Brake System and flags a test failure if it does
not meet these criteria. The recorded data is stored on the test station for post processing after the test is

complete.

Test Results:

PASS FA

Failure Description:

Failure Resolution:

IL

FIGURE 48 — WHEEL BRAKE SYSTEM INTEGRATION TEST PROCEDURE
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FIGURE 49 - WHEEL BRAKE SYSTEM VERIFICATION MATRIX (EXCERPT)
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FIGURE 49 - WHEEL BRAKE SYSTEM VERIFICATION MATRIX (EXCERPT) - CONTINUED
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5.3  Aircraft Level Braking Verification

The verification matrix shows the aircraft-level requirements flowed down to the braking system, their associated aircraft-
level functions, the methods to be applied to verify each requirement, references to the verification procedures,
verification results and any problem reports generated, and the verification conclusion (pass/fail).

When developing the aircraft-level braking requirements, the company chose to create the validation and verification
matrices at the same time. Their implementation method was to use the requirements database to also store the
validation and verification matrices. For each requirement the required verification attributes are stored. The company
tried to determine the method of the verification at the time of generating the requirement. This was not possible in all
cases, but the verification method was determined and reviewed prior to the verification activities being performed.

(Editor’s Note: The verification matrix is based on the aircraft-level requirements shown in section 2.5. For each
requirement, appropri ificati ] ate Aircraft on
Ground aircraft functign is A (see requirement S18-ACFT-R-0933), according to Table 5.4,0f ARP4754A/ED-79A
the verification methods must include Test and one or more others for Level A functions. Test of unintended
functions is also required. If it is not feasible to perform a test to verify the requirement, thep an analysis method
is chosen. Verification|of safety requirements, particularly those dealing with failure-rates of to show that a
particular failure condition is extremely remote, is typically performed by an SSA))
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Below is an example of an aircraft-level test procedure form.

Aircraft Test Procedure
Test No: AAS18-Test-007 Date:

Test Procedure Name: Maximum Weight Landing

Requirements Coverage:
S18-ACFT-R-0010

S18-ACFT-R-0011

S18-ACFT-R-0012

Test Descriptign:

This test demonstrates the proper maximum weight aircraft deceleration rates and landing distances.

Test Setup:
Figure NN.N dé¢picts the test setup for AAS18-Test-007.
Test Success Criteria

1) For each copdition listed above, the aircraft shall ....
3

NOTE: the tesf station records the inputs from the aircraft and flags a test failure if it doeq not meet these
criteria. The rgcorded data is stored on the test station for post processing after the test is complete.

Test Results: PASS FAIL

Failure Descrigtion:

Failure Resolution;

FIGURE 50 — AIRCRAFT LEVEL TEST PROCEDURE FORM
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Below is an example of an updated verification matrix with procedures and results partially completed.
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FIGURE 51 - AIRCRAFT LEVEL BRAKING SYSTEM VERIFICATION MATRIX
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FIGURE 51 - AIRCRAFT LEVEL BRAKING SYSTEM VERIFICATION MATRIX - CONTINUED
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FIGURE 51 - AIRCRAFT LEVEL BRAKING SYSTEM VERIFICATION MATRIX — CONTINUED
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