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® How does RM fit into SMS?
Identifying risk
How likely is likely?
Estimating consequence
Risk controls
Safety assurance

Measuring safety performance

Alternative risk methodologies
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Accidents and Incidents Cost!

Direct costs Indirect costs
* Loss of aircraft * Loss of use of equipment
* Injuries to or death of ¢ Loss of staff

flight crewmembers, * Involved in accident issues

passengers e Lower productivity
* Insurance deductibles * Investigation & clean-up
* Costs not covered by * Legal claims

insurance * Fines

* Misplaced/stranded
passengers

* Negative media exposure
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Ramp Damage Has Big Price
Tag For Airlines
Aileron & Tab Assembly $1 83 545
Outboard Flap Assembly
$255,845
Parts prices only /
Elevator
Inboard Flap
Assembly
Assembly $224,872 > $264.708
Cargo Door $58,327
n".
Main Entry Door
$171,220
L.E. Slat Assembly
202 00 $52,863
Radome $19,712 15{-‘ v ) =<
2 .' = i o V“"\ "
. Wingtip Assembly $28,872
TAT Probe Side cowl  —
$6,583 N $161,407 e
AOA Vane Pitot Static Probe Inlet Cowl $329,203 -’%a.{,:__
$4,300 $5.157 Inlet Cowl Segment $5,151 —

3-2 WENFEFEM Boeing 737 SIAZLAMFE

ENEET R E > IEERRMERREEE G0 - SRR
FEHAM > YEEEAGHEIURER - ZEPrREEE - BeEHE - 2R
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JE\ Bz #Eak (Risk Identification )~ JEf@ il ( Risk Assessment ) 1 4% f# i (Risk
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Dz 8 g AEAE - SE R E s ZE M (Event) » 238
(Safety Issue) A% 55 (Safety Assessment) =FEA[EI1FESE ¢ 240 > $HAESE
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32 ZHHANMZBEREFEFHTE - MZEREEERTE (Aviation Risk

Management Solutions/ARMS )
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et —E 7k — M EbR# )72 (ARMS Methodology ) °

Az

JE\bfEi R 52 CARMS) 0I5 By ICAO B Z48 (SMS) AHRBE L »

A ZObHHARP A BRI T AT R ARMS - SMSFIRETT 4 B
R EIRE - FrERHa 7735 R R AR - R BRI - IR HER et T
ZHYTT -

ARMS J7 56— (B S8 2 0 D B AT R 5 77 o S ) B - 7
5 TR -

ARMS J7i:1& 1 G =E k7] ( Hazard Identification ) BHLE > — B 51 58S a6
FHERAE - HAERMZ 2 T2 JuE 45 e it C T -

FrE T R 2RO E - SR E T RGN T EE A - DU
BHE(T R e R A T RIS - REPE B 18 BB 73 % (Event
Risk Classification/ERC ) » ERC¥fT#4: Z SF > #ETTHER - EHHIEIP
JE B ETAl - 2 ARMS R R RAZHYEE —2H (A T AR S R
(Event-based Risk ) H#THIE & (i Sz - R E0AE DABA (i 0 b 4 -
— RS LR R SO ERR AU I - DA R ¥ (ERC risk
index value) » A FIATE B BRI - £UBEIREFE1R - FrA SR F
FEZZRFEIEERE (Safety Event Database ) ©

B4 2 et EEEETN  FURET O B ES EERH
PHAIEZ B ERE RS RV L 2N ATl AL 2B ER: - FER
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SRR T 2 e BRI T T > BIEAVERLE R B E
A R 2 2

BT sl th 2 2t > (E TR 38 e 2 2 i E b P i ( Safety Issue
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Risk Assessment/SIRA ) J77A#ETT B\ e (d - B o 1 B 5] 055 =5 & 7
( Prevention ) ~ ## % ( Avoidance ) ~ & 1& ( Recovery ) ~ $8& F/Mb

( Minimization of losses ) * [~ /& & 2\ B4l SR g EM: -

3.3 ARMS {EFENEE

Ry 7 EEERCOIRIT R bR T AT B ZEE - ARMS 5 7ARTEREUHY = {25 5%
A

1. ERC: Fra B8 S amsANELE A WIgREEFEETSE
DRI AR AR DA F 38 A 2 mTREPERY 8 -

2. DIERCTFVAMET TR EFALIF - (KE BRI I PR AU (3% B B B i SR A
JeE\ P G R FE I > DAREARHEERE 3% 538 A2 P e R SR SUGE SRAIER - BN
FAPREES TR B A =5 B 7R B B8R - (B2 m] R b 4R S I
bk B A T A > RTR D EERPERVRESE -

3. P EFERHISIRAT AT R IRRGES - EEUE RN E T 2EH
REAEEE > —(EIATEE Y2 ek R T ORI bR e i ERE AR BT - A
TR TEGRTHRA -
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Process summary — simplified schematic

Event Risk Classification

Database Analysis

uoionpay %siy

Risk Assessment of Safety Issues

Safety Issues
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Process summary

Event Risk Classification (ERC)

-

Safety G R -
Events Al S R il e

4 Investigations

All Data

- Data Analysis

= -Frequencies K— Perfs:rf;?nce
Database | = sl cuey

jions to
ce risk

Monitoring
Issues
All collected
safety data
-Categorized Safety
-ERC values Issues

Safety

Hazard lssues Safety Issue Risk
Analysis Scenarios Ass?ssl:Ament

3-4 ARMSTEZE AL R [E

3.4 ARMS JEBEEHE A - SFEEAFRSE

1. fEEER

AR ER 2 Zedk - Big 2t - 25 RKEFZ AR > &8
0 FRL RS -~ G B CaEENERL. o SRl eER - BiRk

R EEEE 35
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Hazard |Identification — possible safety data sources

* Safety Reporting * Observing the operation
» Air Safety Reports (ASR) » Line Operations Safety Audit
» Cabin Safety Reports (CSR) (LOSA)
» Maintenance Safety Reports » Line Operations Assessment
» Mandatory Occurrence System (LOAS)
Reports (MOR)
» Ground Safety Reports * Learning from your own people
» Confidential Reports » Moderated sessions with groups

of internal experts

» Brainstorm new hazards or
elaborate on known hazards

» Human Factors Reports

* Questionnaires/ surveys

* External information
» Conferences & publications
» Other operators

* Recording
» Flight Data Monitoring
(= FDM = FDA = FOQA)
» Safety and quality auditing

3-5 ZEER -~ BIRSH KR

ARMSEP( 77542 FEERIRA - 300340 F -

® FGEEINIL SN o (HEHERCHETE R -

® N EBERIEEZFENEEE > 41 BE (Threats) ~ f&& (Hazards )
VEIER: (Latent Condition ) me%f - FISIRAMETT43HT  fEEMENR T
ERAZERPUEEREZ S —ERE - "WEEF ) BB

= o
—

N

® JRNLEFEW ~ EFSIZIF 2S8R o A FHSIRAETEHE - S50 > LU
G AFTAUSHIEE > TOREIESIRATT =TT -

2. S (ERC)

ERCHVEFIER - (RERA 4*4 JERH (40[E3-6) - MR HEVEERER 7T Rl
B HERGO =B @ SRR EAL O - AR 1~2 KA
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ETIR A - BRI EETHE - ERSMER - SeERAIFR R
PRI AR SR AR - DUEREET oM R F e -

Queestion 2
What was the effectiveness of the remaining Question 1
barriers between this event and the most If this event had escalated info an
credible accident scenario? accident outcome, what would have
Effective Limited Mnimal  Not effective| | been the most credible outcome? Typical accident scenarios
Loss of contrdl, nrid air collision,
50 102 Catastrophic | Loss of aircraft or muitiple | |uncontrollable fire on board, explosions,
Accident fatalifies (3 or more) total structural failure of the airraft,
cdlision with terrain
1 or 2 fatalities, multiple . - )
10 2 Mejor Accident|  serious injLries, mejor mwmim adlision, mrejor
damage to the aircraft
2 4 Minor Injuries | Minor injuries, minor damege| | Pushback accident, ninor weather
or damege to aircraft damage
Any event which coud not escalate into
1 Noacddent [ No potential damage or an accident, even if it may have
outcome injury could occur operationa consequences (e.g. diversion,
delay, indvidudl sickness)

3-6 ERC4E[H#
ERCHERE 3 frsffd 70 A20F -

o LDULHMBEATE - BTRHMEE I REASEE B AlRA
RESF AV SEHIAE R Ryl 2 MEAREHS R A T RE SR - FRIEPE B E 1Y
Tl L e A LB A REE B R E ) — Ll B RTREZ St - RIE DAY
i °

® UEREEhrER - FEFL LS AR T TG kA i RE S A Z FHEGIRIHY
Ptk - B n AR EEIIRE ) 13 AR B 7 IAREFAS 1R R S
YRS - R HEREE P B Y e Bl i -

o it E 2 REE A 2 REE AR E AT
— DA BN EAVR A - SETRECERIC BRI ¢ ot et
WL B AT B VB ARERCIEfa 5 (ERC risk index ) °

o ‘EE{FApEEENE/ DM ERRE 2 FE o T RETTRE R o WA
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® CEEMFRARMGHEIA BAEE BB AT REN: - il B R
JEKE > HERCE\fmfa# sl

—HIETT BN BaE iy o LR« FREEERE - EE - F
WU AT » WSS © JAIM - A S LLsg A KB R R T4RE Ty
Wi o EEEBE R ~ EREEN: - ERCEG RS ATt —6k - [E3-
Ta]E HAAARSS I L B R o B AR S AR EEERE; - KT
DDDi#5 1 2 B8 fe A3 AR A 2 i > (H/@ DDDIREG At Z ERCIE
FEREURE HM 2R 2 B E M B H AR T2 ([RS8 EeE -
DDDEIE SRt 27 ST 5\ %7 i i — D wf ol

Reported ground events per airport

40 3500
Emm Number

I Rate

+ 3000

>
Q
= 30 1 —o—Total ERC 1 2500 2
S 25 . 2
*2 1 2000 &
3 20 ®
3 1 1500 &
£ 1571 2
o 10 + T 1000 3
Q
5 1 1500 <
0 - )
AAA BBB cce DDD EEE
Airport
[E]3-7 FEEESARIG 1 2 S R e A S AT &
3. SIRA

EEEBIGSHTY 2 EMNAOR - kb N8 S E Y 2 2 T eddls
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A EA % 2B et (Safety Issue Risk Assessment/SIRA ) J57A#ET T\

i ©
AT e e AR o B JEIIRE - U ERL e REnTHE - s

& MISIHER

® LR

® &FE (Hazard) il

® HREASHESEE (Accident Scenarios ) it

® JReRpEA (L IR )

® EL - (1 E (e n s R - 1B

o JEfmEHEATRRIIRE (EERHbERE AR AR

® it R B SRS AR LAY

P R T R bRR PG > AR EEIRIRIA TR B S IH TR
a0 - BT ARG 2 Rl 0 5 AT RyEl ~ FEERS o QB Sy
Ry WA TsrE oy B am - Mo AETT AT

LB st bR RGN TTE - AR SHE B RG22 E e -
HGABI A LIE3-8 FRZ -
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SIRA

(MINIMIZE
PREVENT AVOID RECOVER LOSSES)
Maintenance error I:IEI\ A A \Catastrophlc
| A accident (e.g. mid
Flight ops hazard [JJf]~ air collision)

- \Major accident (e.g.
overrun)
ACCIDENT OUTCOME

o
\ Minor safety
occurrence (e.g.

A turbulence bruises)
v ¥V v \Negligible

Hazard on ground [I:I“

Triggering EVENT

ATC hazard [Jf]-

Weather hazard I:I:I/

Teﬁhmcrcl [I:I

, “f {2 EFFECTIVENESS | §3.EFFECTIVENESS |  §4.A ;
{ OF Triggering EVENT { § OF AVOIDANCE | ; OFRECOVERY | i SEVERIY [
e || T e [ o

(3-8 2k E b At AR
FEAEF T2 A b S Ay > DU 2 VU (E B AR am N =

® fiEEE/FAVIERE /MR (Frequency/Probability of the Triggering Event )

BENZR T 55 S5 BT AR ERER - (e —B A0
HREMEA R > MBEEHS Z (R rT AR S B ~ ALl ~ &
I A AR BN TR © EOSARR SRR i o i

hay

o [HEEEII AR (Effectiveness of the Avoidance Barriers )

SRR E R - SEE AT TR > LA bR R
R IIEE 2 FRITIRL (Undesired Operational State/UOS ) 3 [ GEA#
Bfn it B Al > AR RS AR AT REME - R HEr
PRI RS T ~ EHEAMEEACEI TR S =R R SRR H] DA
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/PUOSEEA Y ATREME: -
® iEt&E| A3 (Effectiveness of the Recovery Barriers )

BENZE B FEEVOSIREE T - IRIE SAEHIR AT AR - i Ee s
JEETE] ~ ETEE ~ JISRE - R EESRERER - SHERERKHIRYAE
AR E B AR - TR SR B A ROI EAN R RAEE -

® EHI&ER ZEREM: (Severity of the most probable Accident Outcome ) :

BRI AEHL E B AN - AR EE B GE R A REEE - ATEE
ANEBT - MERK - BETEE - sHEEEEEREEEA B HEE R
bRAAE ST S - WA BN EIRAY I - DU Sy -

ARMSEL#HEISIRARE 7574526 LAExcel#BE T BAVIER » fEEHSIERA K
IRSIRARFE HAZESEMAR - I BRETSIRA R et s > (e 2kl E SR
pdn - MRTEAUE AR - Al S R EEEER © &R - HAT=(ERZRET
BE MR - WLUAPIERCHY S U E VB SR RAY R E T -

sEAH RS AR AT T

1. UMEEFRZL ikl ¢ S Exce RAGMIL 1. L2 AT (Safety Issue

Title ) FIEESExcelFEr&Mr 2. L8 #1E (Define/Scope the SI)

2. HERPEIUEER ¢ (REFUREA R R B
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SAFETY ISSUE RISK ASSESSMENT (SIRA) TOOL
1 |Safety lssue title: Accident (at takeoff) due to cross-connected flight controls of the Pilot Flying (PF).
2 |Define/scope the Sl:
Description of Hazard(s)|Maintenance error where flight control wires are cross-connected on one or both sides.
Description of Scenario| The accident scenario is total loss of the aircraft due to handling problems after lift-off (Loss Of Control, LOC).
AIC types|Airbus fly-by-wire
Locations|At MRO homebase airport
Time period under study|Next 12 months.
Other
3. IESIRAREERAE 74 @ A Excel RIS 3. 70T nlRESE 4 2 FF
1% (Analysis of potential Accident Scenario ) iz 4. it [ &S]
( Describe the controls ) ©
3 [Analysis of p ial Accid Scenario
3.1 Triggering event 3.2 Undesirable Operational State 3.3 Accident Outcome
:Iuoﬂi;hm(?:l?lrl!::nedn::dwmm ;al'::ur:fgt (:i'l‘l"lvi;lem Loss of control at takeoff after
Lﬂrz:;tg;rl:?'eﬂ:;nels are :;00\:-9 maintenance liftoff.

Maintenance error I ‘

\Catastrophic
accident (e .g. mid

Flight ops hazard I:l:l air collision)

Major accident (e.g.

Hazard on ground |:l:|-~— overrun)

Triggering EVENT ACCIDENT OUTCOME

ATC hazard m/ \. Minor safety

occurrence (e.g.
turbulence bruises)

Megligible

YWeather hazard I:':I

Topgcal (I

-

Describe the barriers

4.1 To avoid the UOS 4.2 To recover before the Accident

The maintenance team is

supposed to make an operational

check after the maintenance task.

This barrier could fail either . .
because the check is omitted or d.?fhw%?ge?aﬁox?gf i:f
not done carefully enough (it ings.

moves” is not enough, the direction|
needs to be comect). Estimated
conservative failure rate is: 1/100
times. During taxi-out, the pilots
make a flight controls check. This
may fail for the same reasons as
for the maintenance team. The
estimated failure rate is the same
1100.

affected and by luck the Pilot Not
Flying (PNF) side; or the PF
manages to control the aircraft
despite the cross-connection. This is|
deemed very difficult and subject to
wind effects just after lift-off.

4. {HEHExcel MUZUEBERSER FFISIAMNL © MR s E 200K ~ [
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BRI -

5. ExcelZTt&ic

il NBUE > B EhEE HEPAE SR -

PRAG AR SR R BB TR -

]

Risk Assessment

The estimated frequency of
the triggering event (per

The barriers will fail in AVOIDING
the UOS...

The barriers will fail in
RECOVERING the situation before

The accident severity would be. ..

flight sectors) is: the ACCIDENT...
About every 100000 sectors Once in 10 000 times Practically always Catastrophic
1.E-05 1.E-04 1.E+00
UOS frequency: Mean Accident frequency:
1.E-09 1.E-09
6 |Result
6.1 Resulting risk class Secure

Comments on actions:

LIExceldifs T EKSIRA R Rtz se b ar itk - i#fl& o Ry NYISTA

[ 245K

1 ERTTHEES (Accept) | FETRIUEEL(TH) - K5 BRI TS
REE -

2. ERFERFERRE (Monitor) : HETr s HIRE PEMsh] » 5111 3 REHEIEES - &
IR R -

3. JEpm{riE (Secure) : JEIRFEE « T (TS IREIE K H
P2 o LIS IETHREIA a2 HVARRE » WA N — KRR L2 E 3%
{ERAV SN -

BN e A R

e G o

PLE=
&

SRR E n PR S - I SR AR R R A i B2 TS

2/ NIRRT HE IR EUTE) - WAL 2HEEZ
e AL R B AR EIRE AR U L 4a B b e (e - 400
RAERFERRFRIN - B R RE BRI TR 2R Y HAR - QIR L=

4. =% (Improve) :

BT |
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T T R SRR 4 SRR AR (Tolerance)

. {#1k (Stop) * WENZRME IEAHRBEE A EE (I H AIHE ~ TR -
TRATIERR ) - BRI E T ] P2 A R B a5 ey b - LSRR 2]
5 e E S AR L -
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