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[0} Function Failure Condition (Hazard description] Phase Aircraft/Crew Classification H:ﬁ
— E— — E—
. Crew is unable to decelerate the

. o, [AFHA_H1.1] Unannunciated loss of — . A . . - .

AFHAT | @ [FT] Descelerate aircraft on the ground ¥ deceleration capability 'EEHHW.Q‘K aircraft,resulting in a high speed Catastrophic
~ overrun A System probabilty allocation - AIR6110_181105 |5 Preliminary sircraft fault tree - AIRG110_181105 53
ﬁvﬂ%vi»—uovul.vllml)(mgg |7595 “

- [AFHA_H1.2] Annunciated loss of . i @ [50_01] Avoid Total Loss of aircraft braking | ¢ siracess. L oes of sirerart

AFHA2 | @ [FT] Descelerate aircraft on the ground ! deceleration capability Landing Minor ﬂl |
En

. o, [AFHA_H1.1] Unannunciated loss of . .

AFHAZ | @ [F7] Descelerate aircraft on the ground ¥ deceleration capability Taxi Major
J |1
[
i Crew steers the aircraft cl of . P
AFHA4 | @ [FT7] Descelerate aircraft on the ground ! [AFHA—H.1 21 Annu_n;lated loss of Taxi any cbstacles and calls%\ Mo safety ' 5::;:;227:::;3:; | F s | | Orherfailure conditions |
deceleration capability - cts
or portable stairs.

Inadvertent thrust reverse Inadverten: spoiler
after\t deploymen: after V1

Inadvertent whes! braking

< [SR_TR_01] DETECT/PREVENT: Unannunciated loss of thrust reversars
aftarVt

AFHARR B S 8RS TE PASA RikE— 5547
 EEFEWERETR m - T

~. hN
- 1$ S The requirements of SE-7 per fiight for “Unannuncizted loss of sl spesd brak
g Y/ rumway" and for “Unannunciated loss of all wheel brakes” result from the classification of these
faik ditions as Hazardous (this fion is equivalent o 1E-7 per fight hour). These

classfications are basad on knowledge and experince with thess system failures conditions. [

Thes requirements result in 3 requirem ant probability of 12-6 per fight fLe., 2GE-7 par fight hr) [
st the maxt higher level of “Uinannunciated loss of effective whel braking™.

Unannuncizted loss of | ‘ Loss of effective wheel |
ectracens

thrust reversers braking

Unannunciated loss of all
speedbrakes on Unannciated loss of all

contaminated runway whesl braking
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i pants |Potential diton
light Phase tion Aircraft Effect | Crew Effect Effect |Verification |C FDAL
Crew selects a
.
v = S18 KT 2 MR {G_ARP4TE1A
=| README. vt © [F&.1.001] CIMEMEThE oM Hazardous B
- -
= EiIEe R
- Py
v (& HIREIETT : : :
sy 2 L
=l R TREE BT
. e MF023] 25 S R N AFHA_H12] i ) .
> Table A2.docx © [F5.1.001] EHLASHEIH 4 o [MFezal B |~ Annuncisted o BERASALT ne NoSafetyEffect €
=l KRS ERA
(= &Y e BARRABE |10 o ndicaion | LEHAHLIIEE e s .
= FHA
&= = 2% @ Fa1.001) EMemmAET © [MFO31] mshati perceived Faivciiniis ne Hazardous 8
= L] 1
L= = \.éﬁlﬁrl_
_ 3 viEm c
& PSSA g or comse |
= 55A ' @ [Fa.1.001] TPERET R Nolndication & arh At ) SEBEs Catastrop A
= CCA - - -
© [F5.1.001] VLR oM IR FAEEE || onding No Indication @ [;‘l'lrﬁ"'?“%]:f: A
2 Aircraft FHA - A al archit AFHA failure Aircraft Leve Preliminary aircr | System FHA Wheel
Scenario Analysis = -

Failure Condition (Hazard
cription)

. FC1] Loss of all wheel

braking
e hmwma sk
. fwheel braking coupled
a o n—— x [F009] [50_01] Aveid ith loss of rudder or nose wheel steering durir ‘
- - ecalerats the [FC2] Unannunciats i e
2 e e the ot p FC2 Unannunciated | ] s than 5X10-7 per flight all wh
n the of whesl braking -

ng with all
1 shall be less than

[«

1 Annunciated loss of
¢l braking




= HIN#: & Validation Rules

E=! Wheel brake system FHA - AIR6110_181105 52 =&
Scenario Analysis £
type filter text A e A& L
Failure Al =

Effect of failure condition | Condition
D Function Malfunctioning Behaviour | Failure Condition (Hazard description) | Phase on Alircraft/Crew Classification | DAL Hazard/Safety requirement Description B | =
[SR_WBS_02] Loss off all wheel | =

[F11] Decelerate the

SFHAT wheels on the ground

@ [F11] Decelerate the

_ [MFo0g]
@ Unannunciated loss of

wheel braking

(o [MFODS] Annunciated

[FC2] Unannunciated loss of wheel

braking

[FC3] Annunciated loss of wheel

Crew detects the failure
when the brakes are
operated.

The crew uses spoilers and
thrust reversers to the
maximum extent possible.
This may

resultin 2 runway overrun.

Crew selects a more suitable

Catastrophic

o braking (annunciated or

unanunncated) during landing
or RTO shall be less than 5X10-7
[SR_WBS_03] Asymmetrical loss
of wheel braking coupled with
055 of rudder or nose wheel
steering during landing shall be
less than 5K10-7 perflight all
whel braking (annunciated or
unanunncated) during landing
or RTO shall be less than 5X10-7
[SR_WES_03] Inadvertent wheel
braking with all wheels locked
D during takeoff roll before V1
o PraKIng (annunciaTea of

fud

K-

« FENEMNAT

S

SPHAZ wheels on the ground loss of wheel braking | * braking sirport, nofifies emergency | H1222130U8 unanunncated) during landing
[MFo0g] The crew detects the failure raking (annunciated or
SFHA3 @ (P11 Decelerstethe |y 1y ciated loss of | <4 Unennunciated partial when the brakes are used. | Hazardous @ nanunncated) during landing | Potentially catastrophic (to be confirmed by analysis)
wheels on the ground whel breking symmetrical loss of wheel braking Crew uses available whee! R0 e b o o S0 g R
The crew is aware that there [SRWBS_03] Asymmetrical loss u . VA S F A VTR
sFrA e [FIT] Decelerstethe | () [MFO0S] . partial symmetrical isa partialloss of braking |y . of wheel braking coupled with
- heels on the ground | loss of wheel braking | © loss of whee! braking before landing. g Io55 of rudder o nose wheel
Crew uses wheel braking, . steering during landing shall be +
SFHAS @ [FIWDeceleratethe | ) [MFO25] Asymmetrical | 5 Asymmetrical loss of wheel Decrease in braking Catastraphic ‘Df,;hEE"m‘kmg coupled with — I D
. wheeNon the ground | loss of wheel braking | * braking- brake system failure only performance. P loss of rudder or nose wheel
o oraki SRWBS_02] Loss off all wheel
ecresse in braking < braking (annuncisted or
pefomence, unanunncated) during lending
en e"‘gmgei’” the or RTO shall be less than 5X10-7
runway. For braking
Dt MF025] Asymmetrical | Asymmetricel lozs of wheal performance and brake [SfRf:"B?fbD”kA%’mme“”;E‘ ‘“’h“
SFHA_T (D] et fwh;é brokin © braking and loss of rudder or nose |Landing/RTO | temperature the effects are | Hazardous B f ! ?E d: ing coup Eh W“t
E 9 | wheelsteering the same a5 partial brake o of rudder or nose whee|

o stesring during landing shall be
less then 5K10-7 per flight all
wheel braking (annunciated or
unanunncated) during landing

loss above. The crew cannot
maintain runway centerline
and results in an offside

exeursion. or RTO shall be less than 5X10-7
[F11] Decelerate the | -, MFO26] Inadvertent Inadvertent wheel brake Takeoff The crew stops the aircraft
SFHAS © wheel brake i ! Minor D
wheels on the ground application without wheel lockiMi before V1 | on the runway.
application
SR_WBS_03] Inadvertent wheel
cun s \ | [FiTlDeceerstethe | o, INFORELInedvertent [ o ventent wheel brake oyl AR a o g e e ok

roblems View - AIR6110_181105 &2

Problem ID

— =T T e R Ty Rt
¢ Part Green pump do not add to 100.0%. Value is: 0.0 0024 pump

Dedeription Location

The 'Hazardous Event [3FHA_1] Unannunciated loss of wheel braking' has no 0033

Tt e Functional hazard assessment:System FHA:SFHA: Wheel brake systern FHAz[5FHA_1] Unannunciated loss of wheel braking

The 'Hazardous Event [3FHA_1] Asymmetrical loss of wheel braking and loss
- : L 0033
of rudder or nose wheel steering’ has no (unique) identifier

Functional hazard assessment:Systern FHA:SFHA: Wheel brake systern FHAz[5FHA_1] Asymmetrical loss of wheel braking and loss of
rudder or nose wheel steering
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Preliminary System Safety Assessment

ARP 4754AMIF&RIZTE ARP 4761HZ £ THiITE
FDAL-Development
FHA Assurance Level of the
< Function
SyS_FHA Sys-FDAL

= A Safety Requirement
«—
IDAL-Development

Assurance Level of the Iltem
—_— CCA (Electronic hardware or
Software)

&< SSA Safety Requirement
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Preliminary Aircraft/System safety assessment

+

RN “WERE" R BEAT, SHEBEE
WERERG, W= | R SER

,., =y FDAL=A
RY R E A ETILH R
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TEN FEG:
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6 IDAL=A or B IDAL=AorBorC
orC

orD

\nsys



medini FH T PSSA

B RS54 (SysML

<& DALA

S0_0

< Pawer

@ [F014] +5v System starts
1] V'L

% Brake system cantrol unit (B5CU) N Shut off selector

Avoid Total Loss of aircraft
braking

3 Pedal

4 Shutoff valve

SR_WBS_01

<> DAL A

Avoid total loss of wheel

braking @ [F11] Decelerate the wheels an the ground

£

AS shutoff [ = Anti skid valve
ASCMD =

Meter 3 Meter valve
Braking CMD l

Safety Requirements Editor

Unannunciated loss of
ration capability

[ type filter text

DA
N D Name Kind L Status

Aveid Tetal Loss @

n
1 <& 5001 of aircraft FUNCTIONAL |A | PROPOSED | (@ [F7] Descelerate aircraft on the ground (FDAL &) E 3 §< |]
braking 518 aircraft (IDAL A) AL | S FTA ﬁ
3 ; yid Vil
DETECT/PREVEN 1 Brake system control unit (BSCU) (IDAL B) T
:

S Brake System

2 |<©SRWBSO06 |Unannunciated |TECHNICAL A PROPOSED | (i Aircraft braking system (IDAL A) (
loss of all wheel @ [F5] Provide control on ground (FDAL A)
braking

@ [F7] Descelerate aircraft on the ground (FDAL A)

<D [SR.
Brake System

% Brake system contrel unit (BSCU) (IDAL B)

B after V1

5 Normal Brake System

() Alternate brake system E06

Avoid total loss 2 Emergency brake system
3 [<©SRWBSO! TECHNICAL |A |PROPOSED
S of wheel braking (3 Aircraft braking system (IDAL 4)
) Wheel brake System (IDAL E)
The requirements of 5E-7 per flight for."Unannunciated loss of all speed brakes on contaminated
)

_01] DETECT/PREVENT: Unannunciated loss of thrust reversers

PP ‘ Unannunciated loss of ‘ ‘ Loss of effective wheel ‘ ‘ Inadvertent thrust reverse ‘

thrust reversers braking

@ [F11] Decelerste the wheels on the ground (FDAL A) runway” and for “Unannunciated loss ofal] wheel brakes® resut from the classification of these
@ [F5] Provide control on ground (FDAL A) failure conditions as Hazardous (this classifiation is equivalent to 1E-7 per flight hour). These

classifications are biased on knowledge and exparience with these system failures conditions.
@ [F7] Descelerate aircraft on the ground (FDAL &) These requirements result in a requirement probability of 1E-6 per light (i, 2xSE-7 per flight hr.) [
1 Brake system control unit (B5CU) (IDAL B) at the next higher level of “Unannunciated loss of effective wheel braking”.
Loss off allwhesl 5 Normal Brake System e toss of all Unsnncisted oss of al
braking 0 Brake system control unit (BSCU) (DAL A) Contaminated runway wheel braking
(annunciated or 3 Aircraft braking system (IDAL A)
4 |©SRWBSO02 |unanunncated) | TECHNICAL B | PROPOSED | o=t ™ ™0 DAL
during landing or ) Wheel brake System (IDAL B)
RTO shall be lass @ [F11]) Decelerate the wheels on the ground (FDAL A}
than 5X10-7 @ [F3] Provide control on ground (FDAL A)
@ [F7] Descelerate aircraft on the ground (FDAL A) <<trage>> <<trace>>
Asymmetrical (3 Aircraft braking system (IDAL A} -

5 | sRwes.03 'l;'r‘ai“:‘f"‘:::"ed TECHNICAL  |B  |PROPOSED | () Wheel brake System (IDAL B)
il ot @ [F11] Decelerate the wheels on the ground (FDAL A)

<O [SR_WBS_01] Avoid total loss of wheel braking
jt]
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System Safety Assessment

ARP 4754AF&i318 ARP 476 1H9Z2EE(HhidiE
FDAL-Development
FHA Assurance Level of the
Function
SyS-FHA Sys-FDAL
PSSA Safety Requirement
IDAL-Development
PSSA EERN | “ooricharman o

Software)

Safety Requirement
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s FEHEEER ST (Qualitative FTA)

v = MEHIF RS
= THREERHR
v & TREEEM TG
B WILERThREE TR TG R
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~ G2 EHRTE

 [2122-32-40-001FCO01A] 25 F3

i [2243-32-40-003FC001A] BTV
¢ [2243-32-40-003FC001B] RTORY, 5

Derive

o Show Cause/Effect **

IGDMI\CqUIICIIICIIL LT
List Aircraft Functions
Identify Aircraft Sub-functions

> FTA Event(s)...

| |

T R BURASIThRE L3
KRN BRIE RFTARE 4

E-a

Imwiaifid requast from Cail Drivar reczivad

Bahit®&/h I,

TRA PR RE, 2 RiE

P

A, Minimal Cut Seﬂ'he analysis model needs to b

E-41

[Closing Coil] Short to power |

Mo coumtamction from opaning oo | | Zail Driwar Intarnal Fault |

®

®@ &

type filter text

Events of Cut Set
E-45

E-43, E-44

E-53, E-58

E-34, E-38

E-55, E-38

E-56, E-38

I (= T T Y =Sy T T T 3




ystem FHA - AIR6110_ |5 Single BSCU (Architecture 3) - AIRS1 | BSCU 1 FMEA - AIR6110_181105 | ] BSCU FIMEA - AIR6110_181105
“lo ¥|B I —>~A-®- 5B Btk ok~ EEIEEIE ~

medini HTSSA - FTA

- \

= EEHEMSIH (Quantitative FTA)

FE2248(SysML) TT &/
Eb s L
BENZEFTASR 2SI

h Properties 3
% BSCU 1

L Failure Rate: 0.000115 | FIT @u Transient Rate : HT  Failure Rate of nested elements: FIT

Sefely ’
R = “ENRHERSTRAEMTER (B BANER - NBNERSA (8 TALENE - ENERE 8 BSCU- 518
Pledlct!un Mode Type Distribution (in %) Fra s

Allocation BSCU e cause s of kg peranen | 100 ool @ Minimal Cut Sets The analysis model needs to be saved before additional properties can be edited

Traces
Appearance | \ Evaluated event JAPHA3 23 TLA] Unable to decel within available runway with crew aware, landing
Unreliability (Vesely) |4.918218E-8 Unreliability (Murchland) |4.918218E-8 Mission time T 100 h erage flight time |5 h

Unavailability |4.91827E-8
PED | 1.746602E-8 Avg. par FH (Vesely) |4.918218E-10 |h™"  Avg. per FH (Murchland) |4.918218E-10 | h™ CFlaverage |4.918218E-10

\Liype filter text
# |IDs of Events Events of Cut Set Q) wi(T) Importance

[PRS.MF] FF5.3 Uncommanded engine
1 |PRS.MF [Elhigh thrust resulting in high speed 6.0E-9 6.0E-11 0.121994110548609779
_ overrun
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51F: Risk Times

&% PSSA Wheel brake System FTA (first try) - ATA-32-40-00_Demo &3

Mission Time (h): 100000 Average Flight Time (h): 2.5

£ Unannunciated loss of
all wheel braking

Aircraft Lifetime: 100 000h
Average Flight Time: 2.5h €13
P=1.864956E-12

5000 €000

2000 4000

g —Wit) —CFift)

Mormal brake system does not Alternate brake system does Emergency brake system does
not operate (Mo annunciation) not operate (no annunciation)

operate (Mo annunciation)

P=2.5E-7 P=T7.497188E-4 P=0.950166E-3

Inspected before Inspection after No maintenance/inspection

every flight every 300 h interval

Risk Time: 2.5 h ) ) L
(Maximum Probability of Maximum Risk at 300h Risk increases over
Failure) aircraft lifetime
_— ‘ (maximum at 100
‘ 000h)

Lousnbay

Probability
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Bl

(@ BSCU[1 trace]

Shut off selector

3 Brake system contred unit

& [FO08] Decelerate Wheels on ground [1 trace]
@ [FD13] Power supply

> Brake system control unit

» (2 Brake system annunnciation

> 1y Pedal
14 Green Pump !
13 Blue Pump

5 iy Valvel

3ty Valve2

At Skid Asshutoft

s Selector valve

CMDyAnt i

5y Valved
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» 3 Q1
» @ R2
(3 ete
v (= FMEA
> g FMEA Power supply
> ﬁ BSCU piece Part FMEA (BOM)
> &2 Systematic Faults
v [= FMES

© System FMEA Works

E TR BEERFMEA

‘ AEHSysMLIRB AT R HAE (KRR, REEREF) .

Review RPN

[CJIEC 61508 FMEDA

> % FMES (System level)
> =] Design Controls filter text ]
» o cca |t_',rpe ilter te: =~
s [ Specifications & R
ol ow )
= 3| 5.6
T|w|TO . \ =N ]
S x| Potential Failure B % zlolal©
Component Potential Failures | Potential Failure Effects Top Level Effect E = | & | Causes SlBlelaslaEl 3
. [[PUMT1] TR8 :
[[F-003] Evaluate Ignition state]
o [MF-029] NO Ignition State Information | [Qu 2] .NO theft 2 S | © TRANSISTOR] 3|2 |54
protection | Short
FM EA% l SyS M L%g_n*ﬂ [[F-004] Evaluate Vehicle state] [PUMTL] TRS :
(0] . . ) S | @ TRANSISTOR] 3 |2 |54
\Q \-I— l:FI m L\b/ giﬁ/e 1¢ Power [MF-033] NO Vehicle State Information e Open
.l' 1 Ej BE/7RE —\H. y 3 Supply : epen i D Ll k] d enng 19 PUMTL] TRT
connection . acke: :
#E&A% 5 \?*-H-gg — 5 12v o [[F-005] Derive Command] 9 s @ '[I'[RANSIS:!I'OR] 3 |2 |sa
A= — -l'/( i I] ZV o [MF-037] NO Command issued Short
o [[F-006] Supervise Execution] }B:F_Ozﬂ, M@ sz 0 s @ _[l_[:zm;]sﬂrgg : 0
[MF-044] NO Lock State Information pEpnakey o
pen

/Ansys




medini

- ETRGERE
B EhiR4E FMEA

L BSCU1

—SSA-FMEA

-

FEEIE e

L

- WENTZHRE
Ik ]z 2

| Design Controls

| [D1] signal to crew alerting systermn
| [D2] Indication en system display "loss of nermal braking”
| [P1] Waterproof compartment

| [P2] Create an alternate braking system

| [P3] Monitor status of normal braking system
| [P4] Create an emergency braking system

[AFHA_H1.1
BSCU 1 failure causes ] .
@ loss of braking =, e
o ) ted loss of
commands ;
deceleration
capability

[BSCUTRAILS]
[BSCU 1]
BSCU 1 failure
causes loss of
braking
cemmands

[Brake system control

@ unit (B5CU)]

BSCU fault causes loss
of braking commands

[[FO14] +35Y Power
@ sueply]

[MFO10] +5V out of

spec.

[[FO14] +5Y Power

O supply]
- [MF012] +3V epen

[[FO14] +5Y Power
supply]

5 | O [MF039] Short to
ground or other
voltage

- BEERATFFMEAS TR

= [P1] Waterproof compartment
= [P2] Create an alternate braking
system
= [P4] Create an emergency
~ braking system
= [P3] Monitor status of normal
~ braking system

= [D1)signal to crew alerting
= sysem [det: 10]

[D2f Indication on system
i disfllay "loss of normal
braffing" [det: 10]
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