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MONDAY .NOVEMBER 6

0900~1200 IFA Technical Committee Meeting (St. Helens)
0900-1200 IFA Scholarship Meeting (St. Helens)
1230-1530 FSF International Advisory Committee (IAC)
Meeting (Vashon I & IT)
1430~1700 IFA Executive Council Meeting (St. Helens)
1600~1700 Speakers’ and Session Chairmen’s Meeting
(Cascade Ballroom)
183 0~2100 Opening Reception
Hosted by Boeing at the Museum of Flight.
Buses depart from the Virginia Avenue
entrance of the hotel between 1830 and 1930.



TUESDAY . NOVEMBER 7
Session 1 Opening Ceremonies and Welcome
(Cascade Ballroom)
0830~0930 "Qpening of Seminar"- Capt. Osvaldo Oliveira,
chairman, IAC, and head of Flight Safety
Department, TAP Air Portugal
"Welcome to Seattle "- Boeing Comrmercial
Airplane Group
"Remarks"- Stuart Matthews, chairman,
president and CEO, FSF
"Rpmarks" Stewart John , OBE, president , [IFA
”Rbmarks" Mike O'Brien, director, technical
bu#mess development, IATA |
"Keynote Address"- David R. Hinson,
administrator, U.S. Federal Aviation -
Administration (FAA)
0930~1000 Refreshments(Cascade Ballroom Foyer)
Sponsored by British Airway

Session II The Safety Perspective(Cascade Ballroom)
Session Chairman-Earl Weener,Ph.D,chief
engineer,SystemsEngineering,
Boeing Commercial Airplane Group
1000~1045 "Safety Statistics"-Paul Russell, chief engineer, Airpland
Safety Engineering, Boeing Commercial Airplane Group
'1045~1130 "FSF CFIT Task Force Update"- Earl Weener, Ph,D, chief -
enigineer, Systems Engineering, Boeing Commercial Airplane
Group
1130~1200 Questlons and Answers
1200~1330 Lunch (Grand Ballroom I ) Sponsoreid by GE Aircraft Engmes,
SNPECMA i

| !

Session I Maﬁagement in Aviation Operations
(Cascade Ballroom)
Session Chairman —Gerald R. Mack, director,
Airplane Certification, Boeing Commercial
Airplane Group

1330~1335 “Function Follows Form : Practical Tips for

- 4 -



Building CRM/Human Factors—oriented
Organizational Structures”—John Lauber,
Ph. D., vice president, Corporate Safety and
Compliance, Delta Air Lines, and Capt. Ray Justinic, human
factors coordinator,
Deita Air Lines ‘
1335~1420 “Managing and Regulating Aviation Safety: A
New Emphasis and a New Relationship ”—M.J.
Overall, head of licensing standards, UK. Civil
Aviation Authority (CAA)
1420~1445 “International Aviation Safety Assessment
Program”—Tom Accardi, director, Filght
Standards Service, U.S. Federal Aviation
Administration (FAA)
1445~1515 Refreshments (Cascade Ballroom Foyer)
Sponsored by U.S. Air Line Pilots Association
1515~1540 "The Implementation of joint Aviation Requirements"-Klaus
Koplin,secretary generalm, Joint Aviation Authorities(JAA)
1540~1605 "The Regulatory Role in Maintenance Management"-Jack
Hessburg, chief Mechanic. Boeing Commercial Airplane
Group
1605~1630 "Safety by Design"-P.T Hopton, Director, Trent Project,
Commercial Aero Engines, Rolls-Royce
1630~1700 Questions and Answers
1700 IFA Annual General Meeting (Cascade Ballroom)

WEDNESDAY . NOVEMBER 8
Session IV ATC and Airport Area Operations’
(Cascade Ballroom)
Session Chairman-Capt. Roy Humphreyson,executive
manager,U K. Filght Safety Committee
0830~0855 "Safe Winter Operations"- Keith Hellyer. British
Airways(presented by P.J.Durrant)
0855~0920 "Aircraft/Runway Performance Studies"- Thomas J.Yager,
senior research engineer, Structural Dynamics Branch,
Structures Division , U.S.National Aeronautics and Space
Administration (NASA) Langley Research Center



0920~0945 "Airport Ramp Safety and Crew Performance Issues"- Capt.
Roy Chamberlin, Charles Drew Matcia Patten and Robert
Matchette, all affiliated with U.S.National Aeronautics nhe
Space Administration (NASA)Aviation Safety Reporting

System (ASRS)

0945~1015 Refreshments(Cascade Ballroom Foyer) Sponsored by Rolls-
Rbyce(Vldeo about ramp safety will be shown during
rdfreshments )

1015~1040 "The SAS Ramp Safety Program"- var Busk, airside safety
coordinator, Scandinavian Airlines System(SAS) |

1040~1105 "Air Traffic Management in Developing Regions"- James
L.Pierce, chairman and CEO, Aeronautical Radio Inc.(ARINC)

1105~1130 "CNS/ATM in India"- Vijay Kumar|Ginotra, deputy manager,
Flight Safety, Indian Airlines ’

1130~1200 Questions and Answers

Session V Maintenance and Design(Cascade Ballroom)
Session Chairman- John W.Saull,head,
Operation Standards Division, Safety Regulation
Group, UK. Civil Aviation Authority (CAA)

1330~1355 "Maintenance Errors and Their Prevention"-

odon Dupont, spedial Programs Coordinatior,

Systems Safety, Transport Canada

1355~1420 " Maintenance Error Decision Aid"- Jerry P.Allen
Jr{ consultant, Maintenance Human Factors,
Customer Service Division , Boeing Commercial

rpland Group

1420~1445 "Maintenance Personnel Qualification and
T[*aining" R.C.Williams, Maintenaqce Director,
Joint Aviation Authorities (JAA)

1445~1515 Refreshments (Cascade Ballroom Fgyer)
Sponsored byFlightSafety International

1515~1540 "NASA Program Related to the Structural
Integrityof the Aging Commercial Ttansport
Fleet"- D.E. Bowles, deputy, Compaosites and
Aircraft Structural Integrity Programs, and J.G.
Davis Jr., U.S. National Aeronautics and Space
Administration (NASA) Langley Research Center



1540~1605 "Determination of Maintenance Program,
Design andJustification of Repairs for Primary
Composite Structures"- Alain Tropis,
Composite Structures, Stress Department,
Aecrospatiale

1605~1630 "Fokker Turboprop Aircraft - Aging Aircraft
Activities and How They Were Prevented on
New Aircraft"- Hans Wareman, manager,
Maintenance Support, Technical Support,
Turboprop Aircraft, Fokker Aircraft B.V.

1630~1700 Questions and Answers '

1900 Reception (Grand Ballroom 1I) _

2000 Awards Banquet (Grand Ballroom 1)
Hosted by Air Canada and Delta Air Lines,
Wine, Fokker Aircraft

THURSDAY . NOVEMBER 9

Session VI Airline Safety Management
(Cascade Ballroom)
Session Chairman — Capt. Joao martins de
Abreu, director of operations, linhas Aereas de
Mocambique

0830~0900 “Aviation Safety - Essentials for Profitable
Operations” - Ken S. Lewis, feneral manager,
Safety and Environment, QANTAS Airways

0900~0930 “An Airline’s View of Aviation Safety
Management” - Capt. Colin Sharples, director,
Flight Safety, Britannia Airways

0930~1000 “Making Positive Returns of Incidents” - Pierre
Mouton, chief consulting engineer, Flight Safety,
Societe Nationale d’Etude et de Construction
de Moteurs d’Aviation (SNECMA)

1000~1030 Refreshments (Cascade Ballroom Foyer)
Sponsored by Flight
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18 4T B G R 2h 8 A2 R IR % > K IR 1R 4
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Flo BIBHIEREE W L E L RERR > RY
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BEHRZ L REARETHREE LR X
A FR - 3R KERRTH  RRGF
P A Lu EROSERY  BERBRB
F REERN TR TR RBABHLA
HEARAE RS » RASENSIRNBLEE -

E-BHXEPRAR TS EAFROIALE
W HERNEZEEEFRREM AN TR R
RERE A AESABI KB B RREF LR
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Rt EAEL RN/ R BAT R SRR A
PR M (shot peen1ng machlne)%ikiﬁﬂxw;ﬁ@‘@k#%g
(texture) BN ~ 1TB G H R HELR -
%P U TR A éﬁ&ﬁ A8 B AR ) B B OK
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dR$ > KERE 5 EMAGHRE R EA 1800
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Z 4 B ¥ 5 R R E (200 & 100 knots) RIE o944
AW EREN - KIE 12 AFAETARERLR
0 Ol » RALKRE = FERYFT X > —RKTAK
4 % 6 \B¥ o The ALDF REF A HI TR NI
35 i / 45 @ MBS 0] B kR4 0 T AR HH AR R A 6 M
M AT MR RA RBAREREF AN
BARG B TR LI IR R A 18 69 M AR AR AE I8 S o

b s AT R A 8 RS 8] X9 B (Insturmented
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22.2KN(50001b) e AFR] 3K s R LRI E —
b B 4% 4% (Strain gages) R¥$G A HE B ~ 'L H A
AR TR RENREGHR AR LT
BvA 28 MR B T % R0 B < ) R AR A R — 18
ARG R ARI BRI - CH BRI R
G EGAETHEAMIENNABBRAK CF
B%AaEEmieEd —EATAeREH L HF
30 3R AF A ATINEE Sy RhaNAE 0 B RRE - B3]
X6 05 WY BE 8 X A VLTRAE B RORAT  EA R A%
R X o it — R A B M A A R B IR 6 AT A
SHoERE R AR e B FABELNAR
VAR B R L RAR A K R EAT B E R R B R
$0 R4 04 FE B B R AR MG ML AR R SIS I X R ABAF W
B RS E| 4 fLiE A8 L TR B T A AR
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LRSS g AR S Ly B PR P Y )
ARSI TR ASRA SHBREE Zi
B RAEREEAOREETHR T G iEd] o582
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SHAET BB FERAR 0 AR IR o A8 7 1 84 ) 3%,
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RN BTERGEE —HRED ﬁl’*uﬁa@uﬂ’]viaﬁ@&kf#
%%%%VA%%}?I&:—& o —f@BE 3.7x2.4m(12by
900 feet)dYsKE ) ﬂtfxﬁﬁﬂlﬂﬁﬁd FBEUQ jﬁ;ﬁ_i*'%;%
E3TE) Tl s 18 85 4% - 48 ] ey R A b4 R fiﬁﬂ%fié
HiBd K EP PR EhpE L o

BP AR E RN ZERLE M Tﬁ«fhﬁ’]%;
f6 30 38 R AT %;&%#F%d@#1w5
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o B e P RA B TR R R R
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JE 160 s — 8 DI A B 6 KR 30 18 618 3
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BB 15 B 00 R E B0 5] 20 B o WITEE - A
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W e EAGRIFR RE ALK 4572 B REGKBHE
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EAMBRERARABPCNEEAGH AR K
FIE R RRFRES CV-990 "o EH KB --F
Mo~ B P oRER L - EREEEIIRHTS
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BRI RERBHERABRLERET Lt &
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T A EiRIE > MR BAE Y BRIB ML o
NASA DBV B iR R AR ENERE C-17 A 43
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£BenA5EAE AR —ZRAMAR BFEERX
FAEETEREA M RREEAZLERIN
3 -AENEHHMFTLEEGNEE APTEAS
# 6 {B4 JAA committee PR E  ZREHRT
HERRBGHRTAELYHESL -
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- 44 -



B~ 43 U

ARE HBEARABRMESFTHBELRRE
'%1&2.%# A BBERE R LT EEE ‘1"
EMEEWARZBE - ARAHAEHARTZHE
HEEEERA Z R FTEIE ﬁm?é&é@ﬁﬂkf&ﬁ%z
B BN ERIRRE R ATF @ FHEFAT

dHmER
1A RERE R R T RAMARIZINE BN
AN o

W EARESEWSAITEHET 88 LEAR
AE%% hhKBEL-  Z+FRZFIRFH
EHRM HEORESTRRAAEANEAE - £
""-ﬂﬂ'lﬁaék@ bREBEL+XFRRBFRES T H
HREERR | B RABRARMEDERE IR
W”j%ﬁ&A’ﬁ%Tfﬁﬁﬁ » FLMALAR 4
BEATEXILE - HEREBAZRAAT S 8FEFTHF
o ZHREMEN NEAAHEF_E=_FZA MW
BARBRE PEABREFRARIE-HBFPPIAERER F
FRee A AMmEFGABRGEENZZF T
fes A RMZAE KGR A ABaMmE
&mxiz%%fﬁ%% ' i R R AP 28 b

BT B® > WA EREELZRHIEIRMRR
i%’é}!lﬁfii”%i%ﬁki}' » 49 4o & A IR I AROF IR Ao VA
A BFHERERMBEESZ FFEHIE
o BREMEREFEER L. *}‘ﬁfm;%/\z"%t@
?F?ﬁﬂtﬁ.ﬁm%ffizaﬂl@k S 4 B BLA 2 3

WL T AL P ﬁm""’ﬁ jﬁ%&?-i%‘éllliﬁ’:
}% o



LWE%&%Eé&@&%%EAﬁZ$¥?$°
 HARMELTEHERZRAR SR E
%i HiLEnamE » LEHLETHELR
Iz AREZKEHETRE TR
TR ER BR-HLORARAMRZ T
o WAEHREEHEAH O FARERARZ X
b0 FREHBERRRIFZREETLEARMHR
BITRFPEHRILTEERLE - -wFEE
REABRMNAHAMEZRMRELT TS AR
B RBRITELTE -FIREELKREFE
ABRKEAG R > REFERERBAERFRK
FREZRGENEEI T BEREIHEELSMR
— B RREEFHEERLELIT R - I
&ﬁﬁﬁmﬁkkm&é%wﬁﬁzﬁaﬁﬁﬁwﬁ
FHABETPRAFTHEZIBMHRER !
é#&@ﬁ%ﬁﬁm%%ﬁm&%&ﬁﬁ’
MBEAEMEZIHEFECLRAZARRRARZ
%?iﬁﬁ’&%ﬁﬁ?%rmﬁ%ﬁJﬁﬁ’
7 i A% JE 2 S8 4R nﬁ%%&%&%a%m%
W RBERZEREE  RABEERBEES
¥ 1 MR ARAT X ﬁ?% HERSENS " AR M
TRMAG ) (FANS)Z R AT RERES
ﬁi$?+@’%$ﬁﬂ%&ﬁm§ﬁﬁ2ﬁ
W FA > BRI PN “%&ﬁ’&%ﬁ
BALBRBERMREZ K -
Lﬁﬁ%#ﬂgzrm*§Aﬁ%$%memmd
Safety Report System, fifj #§ ASRS)kATﬁEﬁﬁE&:Qg
YZRE - f
HERKREFAECERAE LAY "HEES

- 46 -



BEZRG, HEATHEFHFRETREBZK
Mgt » THEBERZ SR LEMBZ AL
Fife itmBRREZ R FAREEMRES
BEZRERLE -HAKRE LT THBEAZ
G OEABAESE —FE Ty —F - A TEBEHRE
B A 4 BHAEERMEBABESES > &
ATAGRM  MERRMEITEBBEAZ TEF
RREFRERAG ) REEBREME R 15
THMABREZEFTHRAZIHRE ) L& THRE AL
EMAEINZAFE » RERMBFRXETAR LAE -
5B REEARIMBAFALTEITERBUETE
BEAERAMBLFHRELLE -

HARESZFRRZ A ERAEHESIWHEEA
SERRZIBB ) ABRERGEABRASAT REE
PHAER BRGEZHRBHBHZATRE T
*mu%&ﬂﬁ’uwﬁ$&z%ﬂﬁ&52ﬁ

c HMARABEBAMETEHNHAMS ) 2% 5

$&zrm BREATLBG, =21 %
RERLEFTAFASHME BT REASIE
B E298 RTBERERLEFUZIEDR
B #FRRERARZE -
6.RMEEZHMBHEARTAEADERE B EM
e HRAMEE LR ZEE » R ﬁ%ﬁl}ii
ﬁ’%‘l%/%

A & ME RN HMITEALANRE LR T
FZRE  EREBARERARIN ) ¥ERATE
HARABRMEZXE  RITEARATRAALTAMER
FENSEMEAAZERE  HEETRLFR
4E o RARERAEEES  AFER - R

- 47 -



BAEEHRMBEAERTEAHEE » L AHEK
SWBESAE KARKS  FHEFR -ESE
FrERCTERAERE BipER > BpE e
HREERE  BEAZRTER  AEH - AM
@ B REW AR E B RESYRAES

T EMBEE T OEERTEERIS S ARAT
Sl EHAE > REAFRRMERZ LS
i -

WM MR YR TEE kA ERAE
BT A4 OERKIE HERINAHEERR
AL B e T B AR AR R AR T R E
BBEREL EARAOEETURIBERRK
2EALEBBENT R ARBHARBRER
HEZ T AMEEERISEHEHZL - ik
REH BRI REASV ARG REMY SRR
BIERBALERBZRRKERREELE -
8. HUG RATH ESMAE R BMIR L R B L F
EAFRE S AR R ER » HIILABEITHMR
WRMGHE » RFFBRKEEAREZ RS -

B EBEME KT 4L F (NASA) 4 Langely
Programs HAZEHR TR/ MEN i i ey R
AREEATZRE > BT BN EKRAGEK
Mdm i BT % @ RERE CAircraft Landing
Dynamics Facility)$L Wallops flight & » /&
Hifmid KFE PO Pope FEEMWIEET 4F
ERAMKER  BERARRERALS RE
6 3 A TR 6 R 0 T B B P A K AT R A
B4 PIRE LG TR - ﬁﬂ;&z’\ﬁau)@m
ARG LOAHORRELKETE - |

_ 48 -



9. MAERMBIGEE BIRMR LA 0B
THRBBERE > e Mliing &
2. o

WERAN LR RMKBJAMZE BT B
R BRBE S B hRIITREARE
B @ RAMGARERMRALIEES L
R THEEEH  HEABREBRAERA
B MR #5283 %5% A4 TERE
B P Ao H TR ERBFEMEERBE

10. /R BAMIBMRETRZIZALS TR

70 58 Bfn % 2 B) M Z MK M

BRI EBRBE > DHIE3)EE PR
A RBETRNS ) EERMIFENHSZIRME
SHMENR RERKIAEARELZ it -

- 49 .



i &%

50






S661 U

VSN bE186 uoibusem ‘emeas

dnoig euridany feruewwo? Bupoeg

{80i.2-8) Bupesuibuz Aejeg sueidily
:Aq Aenure peysiiand

L
S
ﬂ ............. amsssw
N ............. m:o_w_c_hmﬁ_
_.

............ uoRoNpoY|

S]UdjU0)

O INOOEE

52



200 1NO08HE

‘alep
uoneslgnd Jo se elep ajqejieae wol) pejejodenxs aiem sainbly suonelado yg6| pus sea) “pueibug ‘Agbny jo panwn
(S¥HY) voddng % yoreasay uolelny Aq paysiqnd si Uoiym ssegelep J1uca8je SYDY oyl Wol) paAlsp ale sauejdie

Susog-uou Joj eyep suonelaedo b4 "sbo| awmbua pue yesone siojerado ay) woyy persyred Huleq esey) 'siainjorjnueul

auBua pue Jyesone Aq psurejuiew suoneldwo wol paulelgo Aluewnd aie sa|94 bl pue swi Wby yesony

"All[e1e) B SB Pajunod JoU Si PUE JUSPISOE UE SINHISUOD J|8s)l Ui Jou seop
‘(anyiey peay Buipnjoul) sasnes [einjeu wioly Jaquiaw Malo Jo Jebuassed e jo yreep pue ‘Aememals & Jo Anlul io yleeq

"Yerole sy Jo sjuednado a1am oym asoy) AJuo sepnjoul Juspiooe uaalb e o) saeIe)
jo Jaquinu 8y ‘1eaemoy ‘peinlul Ajjere; aie sjuednooo aue|diie uey) JaUlo suosiad aiaym 9SOy} BpN|oUl SJUSPIDOE [eje

"papn[oul ae sajnl
olle.) A8 IAID Yim eoueplioade Ul Buipessold yeione Arejjiw BuiAjoAu) YEIDIE |IAID JO SUOIST|IOD JIEPIA “Palwo os|e ate Buij)
1591 |ejuawpadxe 1o 'uonoe Aeyjiw ‘apioins ‘Bunoeliy ‘sfejoqes wony Bupinsel siuepiode |y “salanoe Buloiues sugdie

10 ‘Bunjrequiasip Jo Buipleoq ‘sioalqo as00) ‘aousingin) ausydsowe ‘Bulisansuew woly Bulynsal ssunful jeej-uou sajoAUl
YSIym PEpn|oxa a1e SIUDAS '1I9ASMOY UoIluljep Juspiode spieog Ajejes uoleuodsuel] [eucieN 'S'N eyl o) spuodssalioo
Aljenuessa UOII08|SS JUBPISDE BY] "SBJIAISS UCIIEWLIOUI BfeAld puk Juswulaaob snouea pue ‘siainjoejnuew ‘siojerado
Wolj pa)olios s UoiBWLIojul ‘asimaylo spodal Juapiooe Juswiaach woly ‘siqe|eae uaym ‘paulelqo sie Bjep Jsplady

"POpN|oXe OS[e 'SU0SEal Je|uls

1o} ‘aue yeioaie adh) [elolewWoD Jo siojelado AeliN "o|qejieAR Jou sI ejep reuohelsdo aje|dwiod asnesaq papn|aul jou os|e
ale Jeidlie paInoenueEw (4SSN Jewioj) S0 Wesoue palemod doidoginy apniour jou op Ing ‘Wblem ssosf wnwixew spunod
000°09 Uey] 181ABSY pue ‘spimplom ‘Yeiolre jal [e1alswwiod o) Aldde Juswnoop siy) ul pejuesald sansie)s Juspiooe ay |

uononpoJu|

53



200 IS

(‘Jenueisqns palepisuoa jou s abewep

ay) ‘eseq nedas e o) Wb} Ausy B moje 0] pouted 1oy g € Ui peliedal 8g ued yesone ayy j ‘Ajjeseuer) ‘sdi Suim 1o
‘sexelq ‘selossesse suibus ‘sdej) ‘sen) ‘s|eeym ‘Jeab Buipue 0} abewep ‘dugey 10 uPS Y} Ul Sejoy paimppund RS ‘UNS
pajuap ‘Bumoo 10 sbuure; Jueg ‘euibua auo 0) pajw ebewep 10 ainjre} subue ale abewep [elUEISINS PaIBPISUOD JON)

By 10 ‘eouewloped ‘yibuens [esnonils ay) sioaye Ajasiaape jey) ainjiey 10 ebewep suesw ,obewep jenueisqng, e
“JuBpIodk ay) Jo sABp OF UIYIM Yeap ul synsal Jey) Anfu ue se pauyep s1 Anlul jejeq, e

-aoepns Apoq ay; Jo Jusaiad ¢ uey) alow Bunoeye suing ealbep piiy} J0 puooas saajoAul (g) Jo ‘ueflio jeuwiaul

Aue o} Ainfu seajoau (¥) ‘eBewep uopuey Jo ‘@jasnui ‘aasu ‘sabeyuowsy 81eAes 8sned ey} suolelade} SaA0AUl ()

‘(asou 10 ‘se0) ‘siabuy jo samioel) ajdus jdaoxe) elog Aue Jo aInjor} B Ul s)nsai (g) ipaalaost sem Ainlui ay) ajep ayy
woyy sAep 7 uiypm Bupusawwon ‘sinoy gy uey) alow oy uoneziendsoy saanbes (1) yey) Anfut Aue sueaw Aunlul snouas, e

-abewep [enuejsqns seAleoal Jeldle sy} Jo ‘ojaiay) payoeye Buiiiue

10 JEIONE BY) Yum 10B1U0S 10ap AQ 10 Jelose eyl uodn Jo ul Buraq jo ynsal e sk Aunful snoues lo ylesp siayns uosiad Aue

oYM Ul ‘paxIequuasIp aAey suosiad yons jje S awi) yons nun jybiy Jo uonuajul ay) Yim Yeiole ey spreoq uosied Aue
alwl} sy usamiaq aoe|d seye) Jey) Yeiode ue jo uoielado ay} Yim pajeloosse S0Ualindd0 Ue SUBSW JUSPIOOE JeIdllY, e

suonIulaq uapPIdIY

54



200 HINDCAN

"seug|diie paimognuew g|o pue suonelado Arepjiw Buipnjoxa 1ng ‘sicjerado auleuou Ag 8sn ul 8soy) pue
smejs BuiApyuou Aerodway vy esoy) Buipniou; ubiiem ssoib winwixew spunod 000‘0g uey) Jejealb yesaire 1ol payiied

(yesone Buisog uo uoliw /G1) seinuedep Uol|IW GBS *
(esoare Bulwog uo uoliw gGg) sinoy by uoyitu ggy e

{Buisog 91-9'9) ¥6/1E/¢| JO SB SOIAIDS Ul eI 2GB°LL .

(Buwog g) sadAy jueoyubs Q¢ - sJoMOBNUBW 6 »

¥661 ‘L€ jequaoaq ubnoiyl 6561 — suoiieisdQ 190 JelDJSWW0Y SPIMPHOAA
Aewiwing



D Pk

©w < o O

(suoHItw)
sainpedeop
° jenuuy
ol

zal
vl

0
70002
I oo

.1:\\\\‘\\\ o OOO—@
J;: yeny

N | 000’8
000°01

000'zL

¥661 — G961 SuoeIadO SPIMPHOM
sainjeda jenuuy pue 32IA13S Ul eldaly 19

56



g

BuiAy 1se} [ejuswuadxly

s)uaAa [euolEISdOUON

uonoe Aseiy

abeloges

saLnful Buloiateg

sauniul Buppequasip/Buipieog

[e1ejLUoN salnful uoylenoeAg
sauniul s108lqo es007

saunluy aousjnqin .

saunlul Buusanauep

:sapn|oxg

"JeIDIE Byl "Ym 1OBIU0D 08P Ul 10 ‘U uosiad Aue o)
Ainluy snoues 1o Yjeap Jo/pue Yeiode sy o) sbewep |enueisqng
uoniuadg

200 1%G0ALE

SIUSpPIY IV

57



00 LGOS

— : ‘ - SJUSPIODY 10 TquUINN
00L'L 000t 006 008 00. 009 005 00 008 002 001 0
| i i | 1 ] ! } {

LI0') _

abewep [eueSgns oYM
sjuapdae Ainfu snouas |g

|

afewep jeijueisqns
NOYUHM SIUDpIDOE [B1.) $f

ﬁ abewep [eue)sqns
UM SIUSPIOOE fele) 91

j abewep |enueisqns gov SSO| |INY Yitm SJUBpIaoe [ele) +GE

e

BuiA)) 1s9a] [eluawuadx] e
sjuaAe feuoyeladouo) _
uoloe AepiiN e $9850] |inYy 9g5
obejogeg e
saunful Buives e
saun(ul m:_v:mnEWm_Emc_Emom .
seln(ui UONENJBAS e
[BYBJUON seunfut 5)98[qo 8s00 e
saunur aouaINgIn| e
saun{ui BueAnauey e
:sepnjoxg

¥661-6G61 — 199]4 1O [E10IOWILI0D SPIMPLOM
SIUIPIY IV



00 OIS

sjueae [euoieiado-UoN =

(6561 @ouls solfele} 995¢ * * uoljoe el

‘punolB sy} Uo sassol Ny Fir ‘$ess0o| INY WBIut GE)

A118] 10 ‘uoneiisuowap ‘Bujuresy ‘isey Buunp || e
suonelado obses-jje Buunp ¥ e
suoneledo 1aBusssed Buunp Z6|

sioyeledo " M-uoU - SJUspIDOY e

Alig) 1o ‘uonesisuowap ‘Buiures ‘yse} Buunp e e
suoneiado obies-|e Bupnp G| e
suonelado Jabuassed Buunp 9G e

sioelado ‘g - SJUSpIOTY e

(s1eah Q1 1SB]) SJUSPIODE | LE

v661-G861

jebrloges e

saunlul uoyenseas Aouabrowd e
saunful asusNgIn

:sepnjox3

Auoy 1o ‘uonensuowsap ‘Buiures) 1581 6uUNp 65
suonesado obieo-jje Buunp gg =
suolelado Jabuassed Buunp ¢4G e

siojelado "§'}-UoU - SIUBPIoYY e

fise) Jo ‘uonensuowsp ‘Buiuren ‘1sal BuNp EE .
suonesado obieo-jle Buunp Gt
suolesedo 1abuassed Buunp /2 e

slojeiado "S- SIUSPIDIY e

SIUSpPIOOE 2101 L1O'}

Y661-6561

186]4 JOr [E10/WWOY) SPIMPLOM — HBIOIIY IIY

SIUSPIODY IV

29



¥6 c6

06

88 98 +¥8 <8

08

lesp

8, 9. +¥.L eL 0L 89

9

¢g 09

e

l\/ll.

Anlu Buicinies,
Ainful uoyenoeay,
Anfur esusnging .

uonoe AN,
sbejoqeg,
:sapnjox3

ol

sainpedap
uoyjiw Jed
0  sepiooe

‘Salel [enuuy

or

0S

09

199(4 191 [EI0IBWIWO] SPIMPDUIOM — HEIDNY {IV

SJUapIIVY I

60



G

Jee)

g9 ¥9 ¢9 09
0

|

200 INOCAYS

v6 26 06 88 98 ¥8 28 08 8L 9L ¥vL &L 0L 29
7 l ‘ |
, 7 I\ VAR _ X
/.\.\u.lu. 1\”./.\\14.10 ../ann\l 1. h._‘\._ ,.__.\\r: \‘ ..ulp ._.
TN | R X :
N\ \ 1 | VRS .
/ ' _. /_\\ ._ '
ﬂ — _. q.
U, S
\ ] \ : sainpedaq
. '
| sodA) MeN - ! | ] ‘ . . o uoimw Jed
ooLd T _ ‘ il \ S SjuUepIooYy
gr| ovg _ ] ' :
ovev { (Aea) Apoq eptm 1 I ssjey |Enuuy
(4135 4 4 Vol
leev/ogey A uonessusb puooeg
OlEY 82 i
L9L 002/00L-LEL + 7 J
IS/ 6-00 O T Y T
QOF-L¥L 00EY LEE OV] Anful BuIoIAeS -
00S5/00/00E-LEL L1101 0L-OA Anful wonenveAl »
LLIAW 01-2d wapuy Ainfu soug|naIng e
08aW  COE/002/00L-2¥L L2 WO AIZIA
||||| sodA) (ApEs)  uonesoust abeI0qES »
MBN Apoq apIp puosag 1sapnjoxy 0z

dnoJx) ousuar) Ag — 19914 190 [BII8WWOD SPIMPLIOAA

SIUSPVY IV

61



FOQ 1A

ol
‘ JBAA
"¥6 6 06 88 98 ¥8 28 08 8. 9L v. e 0L B9 99 v9 29 09
0
T T~ TN A [T
L~ Ny
. /\ I L] siojesado
Lt T L N A TN T
N ot
siopesedo| | T4 |V . sainuedap
‘S'(FUON ok : uol|iw 1ad
v | sjuapIooe
,\g ‘sajel [enuuy
. oe
Anfu Buidines e < .
Ainfu) uonenoeag @ :
Anlul sousinging e :
uoloe Arey|iy » '
abeioges e ..
:sapnjoxg ”
: oe

199]4 190" [BI0IOWIWOD) SPIMPHOM — "S'N-UON PUE "S'N

SJUSPIdAY IV

62



11

200 DICCArS.

JBa A

¥6 €6 €6 6 06 68 88 /8 98 S8 ¥8 €8 &8 18 08 6L 8L 4L 9L &L
I S 0
\ suonelado \\
JeBuassed pajnpayog
/ sainyedap
m uonensuCWBP pue Buluel) ‘1sa) / uoyws Jad
I . _ _ - 0L swspooe
Buiwomsod ‘obisen lepey), g :
uom HEYD suonesedo \% \ Sa]Bl [ENUUY
18410 |Iv.
Lok . 1 61
) 0e
Amnfui BuioinieG e Anfuiuonenoceag s UONOR AIBNIN =
Ainful sougIngun | e afivjogqeg e
:sapn|oxg

1994 180" [BI10JaWIOD) SPIMPHOAA

SJUaPIdIY |1V

63



4}

Jeap
¥6 ¢6 06 88 98 +v8 ¢8 08 8 9. ¥. 2. 0L 89 99 +9 &9 09

P
P— PR o
. .-f.u:-l.\.\-rl.llllwlllk\ J).ﬂ...\n\\7.(r\.\l‘\./;n = = .‘.‘)\L/\JNN\/
YT N
‘\J i A A
/ T o
Buleog-uon / \ : _
- A-
P AR / o
Busog ’ sainpedaq
2 og  uoliw Jed
SIUOPIoDY

Sejey |enuuy

- Ainfu) Buineg e
Ainfuj uoenoeay e 0¥
Anfu) eougnqIng «
Uiy AllljiiN «
abejoges «
:sapn|ox3 = 0s
09

19914 181 [BI0J8WIWOD SPIMPUOA

SIUBPIIIY IIY

64



£l

awy Wby jo abelusoiad ‘ainsodxg

%1 %t %l %l %LG “ %l
laxiew X1
i:11Te) ABN
TS - F;J./J L\ﬂ\\\'||f\f||“”lﬁ|f.rnff o \\,\\LH\\\!/ rf;er..‘ ;I\.\\\\\]n
- peajoeljal sde|4 T\
%E 08 Y%L'6l %99 | %9 %L’ %t'9
yoeosdde |yoroidde
Bulpue jeud [eniu| Jua0saQg asIinID quio
° M ’ sjuapidoe jo afiejuasia
%40°05 JUSPIooE § ) d

'sinoy G*| Jo uonelnp ybyj e uo paseq abejusoiad ainsodxg

200 ZHOTTEE

%1 %

Wbl i %BEL | %8¥
peojun
quifo X8y
[eup | josvel | ‘peo’

Anfuy uonenoeag
Anlul sousingqun| e
uonoe Aeliiy e
obrioges e
:89pn|ox3

66 1-6G61 — 193] 18" [BI0I8WIWIOD SPIMPLIOM

SJuapId9Y ||V

65



DK DOV

bl

Al SIS @ et 210M  mEoy
ds Amnfuy uonenoea] @ Y
(v664 - 5a61) S120k 0} IS0 S b Anlut aousingin) @ 9/ £el e o
661 - 6561 SaIshs Wity u uonoe MBIy @ 10 umowyun
ousbo x.< ebejoqes @ ez v89 $55RED UMOLY
‘pusbe :sapnjou| , -sepnpxg Yum [ejoL
L'yl £e
18Y10/SNOBUR|IBISIN
29
H
OLlvodny
£b
& L 16 ..-wm.!!.
o UTEaM
€l souBUAIEN
Ie
L'EL ze
9’51 8l » aueldny
1'gg g€l
b9 695 mo10140114
1 1 i ] i 1 {
oz 09 05 ov 0c 0z ot olaeok | o1
SOSNEO UMOUY ylIm Sjuapiooe |ejoj} Jo ebejuaciey Sjuepiooe lojoey Aewig
JO Jaquunp

199]4 18" [BI2IBWILIOY) OPIMPUOA
SIUIPIAJY |IY — $10]084 9sne) >._m_.=_._n_

66



200 THNO0ArS

805 o 1oL
suodal Buiieme
69 10 umouuN
T SOSNED UMOUY |
~ BEY _im o)
/ 18)0/SNOBUE|[BOSIN
0e D1vpodiy
£2 - 1syleapm
6 8ouUBUBIUIBIN
LE auediy
eve ma101y61 4
0014 08 09 o 0z SjUBpIooe |
S9SNED UMOLD| YNM Sjuaplooe 6 aUl Jo abreuaoiad jo E%E:Z iojoey Arewuld
saseyd Bupue| pue yorosdde |euld
(£10'1) syuaplode Jo 1aquinN T
L o ewn amsodxa 1ybi4
saseyd T e
18y10 Iy - 46
o aseyd Bulpue|
T pue yoeosdde [eurd — mmmmww_:”_wm___ﬁ_
~-- %l ﬂ s

aseud Buipue)
pue yorolidde [eu4 —_

Buipue] pue yoeroiddy [euld — asne) pue ewi| |ednu)

766 1-6G61 —SIUSPIOIY IV

67



9

%G¥ %k %6¥ Buisog-uopN Ainfu UCHENIBAT
. Anful esusinging o
%55 %8S %LG fueog uonoe Aseyy ,
. : abejoqeg
sainped aual
MBS 1By Sjuapoy sapn|ox3
2vl or | ve e 2 Tir aL- z08 .
&z ~"891 86 Ee 2t e [ e |7 o |0 g o15 L10°t 1301
or l g € v1 18
¥ sl 2 |2 ¥ 2 € 9 € £ 9 S 25 Mo U
e 1o 1o . ! . . R iy o | ---snosueieos
zi § + b z v e o g 6€
L ¥ I z g b I vz
F 6 0 0 T o | ! L 2 € 61 Drvmoding
8 v 1 P £ 0 z o 61
L L L4 0 1 2 | ¥ Z 1 ~Z2 1ayjeap
z i 0 ' e S b S 91 1
I 8 0 o 0 ¥ z L - “1 SOUBUBIUIEIN
81 0 0 € £ i B 8l 9L
¥ a4 —"g 0 z g 21 fi zi 29 aueldiy
99 98 9z 02 S 14 e 9¢ £9¢
z B0} eg | 8z 6l 6 [5 11 ~1g -~ 90g meuon i
pEOT yoeoidde yoeodde "
pee | ButPuE oy ey | 1089590 asiug quuio ﬂm_mrn,_v oL €10
b BUog 10]98)
U0 Aewng
SJUapPIDY JO 1aquinN uoN reog

P66 1L-6561 — 199]4 190 [BIDIBWILOT) BPIMPIIOA — aSBUd JUbt4 snsiap s10joe4 asnel) Arewld

SIUapIIJY |IV

68



L1

BuiA)} 1591 [Rluswadxg
sjuaAe |euoieiado-uoy
uonoy Aeniiy
abejogeg

sapnox3g

-nedss dnuouooe puodag pue [enuelsqns s1 yoiym ebewep suediy

:uoniuyeq .

D00 THORNE

SJUapPID2Y SSOT ||NH

69



Auay a0 'uonensucwsap ‘Buiuen 1se) Buunp oL e
suoljelado ofireo-je Bunp 62 o
stonetedo ebusssed Buunp L »

siojetado "G N-UoN e

Auay Jo ‘uonensuowsap ‘Buen YsaBuunp g . e
suoljesedo obieo-e bunp g e
suonetado Jobuoassed Buunp 9z e

sioeiado 'S e

$8ss0] Iy L8}

766 1-G861}

200 TRIOErG

£

sjuaaa jeuofjelado-uoN s

suoneiedo Arepjiw pue uoioe ARyl e
efiejoqes

'sapnjoxg

Aurej 10 ‘uonensuowsap ‘Buiures) ‘1se} Buunp Gg e
suoljesodo obieo-je Buunp 6y e
suoljeiedo 1efivessed Buunp 60L

siojeledo "Sr1-UCN

Aoy 10 ‘uonelisuowep ‘Builiel) ‘1sey Buunp G| e
suonesado ofises-je Bulnp /2 »
suoljeledo JebBuassed Buunp 1O e

siolesado ‘SN e

$8s50| |InY 9€5

¥661-656 1

199|4 1O [BI0IBWWOY OPIMPHOM — IO IV
SJUaPIdIY SSOT [INH

70



al

200 THOCRE

leajp

8 28 08 8. 9. ¥. 2. 0L B89 099 P9 <9 Q9

. R IO U 0¢ sainuedsp

l i uolyiw Jad
,. sjuap|ooe
‘sajei [ehuu
W, o€ 184 | Y
uonoe el «
abejoqes « oy
sopn|ox3

0s

199[4 18" [BI2IBWWIOD SPIMPLIOA — YEIIY IV

SJUapId2Y SSOT ||INH

71



00 THOCAPS

0c

lea
v6 26 06 88 98 B 28 08B 8. 9. ¥, g, OL 89 99 ¥9 29 09
N ] ] 3 I'T 171 0
i L SR LT\ "W 4 . .
o~ .\\-\/\ 1 ._uu. \-...:lunn W . b .sr..: ’
/ v i _/\ ™) / T .._ !
1 __ : AN ... :
N D T g
‘__ I (Ayee) Apog epip
sedh) meN [ | __ uoleIBUSE) PUOIBS
1 salnpedep
i
NEENARE
cw:“__ i _ _ v _ ___ ot sjuapiooe
miowmm i ‘sejel (enuuy
OEEY _
1ZEV/0ZEY
olEY 824
198, 002/001-£E2 :
152 6-20 gl
-
LLAW _%wm um%w» “uonoe el e
osan 00E/002/00k-2¥L 2L mmﬂmo%w:m_ow :
ST T T Tsediy T (Aueo) * uoneseusb . _
MaN Apoq apip puodeg 0z

dnoio) ouauan) Ag — 199} 190 [BIOIOLILLOY) SPIMPIOA
SJU”PIIIY SSOT |INH

72



Jes
¥6 ©6 06 88 98 +v8 ¢8 08 8. 92 ¥. 2. 0/ 89 99 ¥¥9 29 Q09
B 0
Pl ] . ............. ™ .rrf\.,\\\.q.lll..llrrr..r.lll!wf . \\\._..//\/ _ |
n’ . . - an ;... \‘. .- . . \
\ ’ ’ 0 \
" M‘\’ . v n \ [y
siojesado ! ' ._
SN .

S 01
\ /
. seinpedsp

siojejedo |,

'S'N-uoN |1 : volpw 1ad
. s|uspIooe
- ‘sejel [enuuy
R 0c
uonoe AN » | ..
abejogeg e 1!
Sepn|oXxg !
'] og

19914 191 [BI0JAWWOD) SPIMPLIOM — S (-UON PUE 'S

SJUBPIDIY $S07 |INH

73



U KA

(44

- e dBBA e o
6 ch 06 24 98 v8 4] 08 8. 9. 17
e 0
..l..nll ==q" llc\\\-ll T 7 Al lln\\\ “al . ll.\\ .-l..ll-l..
~ \
\\ //\ \ \ \ / S g
6 d suoynesado |
Jabusssed pajripayog semnpedsp
St 1 0f uoljpw sad
< 4\ sjuepiooe
suonelado ‘sojed jenuuy
Byio iy,
Buuresy pue ‘uonessuowap
188} ‘Buiuolisod ‘obies apeyn, : Sl
uonoe Alepjiy
abejoqeg -
:s9pn|joxg
- oe

198} 19" [B12/0WWI0)) SPIMPOM
SJU9{PIIJY S$SO7] |INH

~H

7



XML WU

leap
¥6 26 06 88 98 ¥8 €8 08 8. 9. ¥/ e 0L 89 99 ¥9 <9 09
o : TR T 0
] YN e -
. |N/R S
| | Buleog-uoN : ol
_ b salnuedop
_ .” : i : uoljjiw Jad
m . — — - - , " mF
: _ 1 sjuap|Ioe
! i Pv
, m ~\¢ ‘'salrI [eNuUuY
Buisog |
uonoe ARl e u Y
ebejogeg S Gz

:sepnioxg

11l og

19914 180 |BIDIBWIWOD apmpliopy — Buteog-uoN pue Buisog
SIUIPIDIY S$SOT |INH

75



sainuedap uojjjjw Jad sjuspiosy

KAV

T

seunyedap 000'00L> ,
ucyae Aejpnw ‘afieloqes sepnpxy

ol L 9 S ¥ >
i
9ES [eieY IFRISAQ
0 oegY———
0 {ovty-
0 |Le-an
b |00p-2pL
¥ LeEv/0ZeY
L 04/001-4
6 SHfE-LEL
< 009-00EY
g S¥i3vg
4 0lEY
0 P47
4 294
4 |08-OW _
§ —Sfyrerar-ooe
LE'} b2/ -00EY
160 ¥ I ﬁo Tm
2s'el LL101-0d
VoL Gl |dS/ERIL-£YL
F.XA 4 6c [Be
1 RN 8 |2/ -LEL
[F Al 9 (6-04
562 0e [Liova
LE'E ¢ |OL-DA
66'% 8 uopu |
_ 80 LS |Lgd
. 800 Iy [2PABIED
£5°6 6l 066/098
: 155 29 |8-0a
. 0E9 SOL {0SL/L0L
€96 L [piswiog
SOSS|  edAL eueidiy

V661~ 6561 — 199]d4 191" [E10J8LUWIOD BPIMPIIOAA
sojey SJuUapIddy SSo [|NH

76



Y%l

%l %Sk
Jayew X4
I lile} ABN

e

%l 02 | %EVE | %PLL
yoroiddeyoeordde

Buipuen U] emu|
%8S

Yol k

— e
ia

o

%69

U359

aw] by Jo efvjuaniad ‘ainsodxy

e s ot

syuapiooe o abeuasiay

'sinoy §°| Jo uonelnp by e uo paseq abejuaoclad ainsodxg

%S %l
— T
e NP e
pajoedial sde|4 T\
%SV %l9
osinID quid

%l %t
™~
N
S
%l Ol | %SVl | %6l
peojun
quii ‘IXe}
enup | jjoaxe] | ‘peo

Ainlur uoenoeag @
Ainlul @ausinginy e
uonoe Aejii e
ofiejoqeq
1S8pNjoXx3

V66 1-6561 — 1994 191 [BIDIWWOD SPIMPIIOA
S1U9pPIJJY SSOT |INH

77



U KK VAR

9z

saunpedep 000'001L> .

sainpedap uoyiw Jad suaplooy
oF 6 8 L 9 s v £ 2 ! 0

- :mzem Aejnw ‘ebejoqes sepnjoxs

M~
[or]

aley |[R18AQ

T —
e —
QI
| -O0pAri—
LeEv/oeeY
02/00L-4
SIY/E-LEL
009-00EY
griavg
OLEY

—aplasues—

Siv/e/ef L -00EY
1 ER,N_

01-04a
dS/ERIL-LbL

[

g8c¢-d4
eN-LEL

OMWO ™ O SO D v “ONOO —ODOOoNOOROO.

88550
in

78

V66 1-G861 199|419 [eldlawiwo) 'S
saley JUIPIdIY SSOT |INH



ErEmIORE:

sainpedep 000'004> .
sainpedap uolnu Jad sjuapioay vonpoe Aepiw ‘ebejogeg (sepnjoxg

0l 6 8 L 89 s 7 £

m
—

sieY [[RISAD)

LEEV/0CEY
04/001-4
Gip/e-LEL
009-008Y
ovievg
0LEY

FA*7A

L94

08-QW

[ SpIGaUts -
SiP/EIC/1-00EY
LL0LT
oL-0a

| dS/ErR/ AL

%{DC’JO#O HNONNNO -0 O

— 65078 e

Laal ']
o
-

'
-
[l
[

8E'¥ S

o
[=]
S
P~
Q
~

T R i i it e B S

. -

o o Awmm_ﬂw adf ) eueldny

<
[Te]
o
QLU RO TNOW NN
-
I~
o

66 1-G861 1899|4190 {el2IslWOo] 'S 'N-UON
sajey JUapIooy SSOT |INH

79



R MINIG

87

ogl 9eg fele
(v661 - 5861) sieak o 15e7 ﬂ uonoe Alelin @ - 06 suoda Buneme
- 0 UMD
¥661 - 6561 abejoqes @ 10 UMOURUN
: . S9SNED LMOUY,
pusaba -:SapNjoXxg zel oF¥ yhw [8j0 |
WM g g1 Jaylo/snoaueaosiy
v 9 Ol1vuodiy
P &1 :
g'c S Jayleapa
(.3 4 - bt
89 e 6 bl acueuUiEY
¥l gi
0Lt B 6v suejdiry
69 ,
€L % | e maso)B)14
- ) 1 | 1 13 - 1 1 >
0L 09 08 ov 0¢ 0z oL otiee | oL
S8SNEI UMOLY| L)IM SIUBRIDOE [B]0) Jo abrjuamiay sjuoplooe | 10)08) Aewtld
JO JaquinN

19914 180 |BIDISWIWIOY SPIMPLIOAA
SJUBPIDJY SSO7 [|NH — SJ0}oe4 asne) Alewnd

80



W] {WO0A
62
%S Yok %95 |Buisog-uoN
%SG %8S %bb Buiaog
B s L . -
sainpedaq) ’ 95507 ||In uonae ARy ¢
b4 H TinH abejoges
T T T T T T :Sapnoxg
v e e e T oo _~Tat [ee o 662 | gcsmee
V\\\.. S T e | e L e | T | T | e | e | T aee | 965 TE0L
o iz e "9 ~1e |1 ~ e e o~ Tan Tes T
T > "¢ \\\«..\ T T \\.\.\ m\\\ £ L e ~se umouun
0 0 0 £ \\\-\ ENOSUE} OIS
o .
orvmodig
o‘ . 1ayee
¥ ) \o\ asueUaUEW
2zt
\.\.\ g sueidiy
- . - T :
= ’ s mal1oybi
P P » e - - €L | Tl b
, yoeoudde | yoeoidde WL coT
Buipuey By _ N usasa( asiniy quin m_m:.__%_ Jjoave| ®I0L
I BieE a.o_oﬂ
SIUBPIDOY JO JaguInN UON_ euwld
" Bulecg

¥661-6S61 — 198]4 181 |BIDIBLUIWOY) SPIMPOA — B8SBU 1ybBijg snsiap siojoe asnen Aewild
SJUapPIIIY SSO07 |INH

81



EEINE L

0t

‘ 1 el 1Bl
(V661 - S861) S1eak o) 157 uonoe ey @ spodas Bulpeme
~ v66l - 6561 u afejoqes @ L 1 10 UMOUNU(Y
ouaboq :sepnjX . S85NEI UMOL,
0e g€l Yim eio]
I
o 18U]0/SN0AUE||BOSIN
1 JLlvuodny
yA
z sayieam
1]}
c SouUBLIBIUIEH
€
4 auegdiy
Sl
2’99 0g
& ] 6 "
1 L - 1 1 L " 1
s1eah
0L 09 0s ot ot oc 113 oLise | Bl
SOSNEJ UMOUY Yiim Sjuapiooe jelo) jo abeuaoiay sjuBpIooE iope) Aewd
JO 18quUINp

. 199} 191" [RIDIDWWOD 'S N
S1UaPIDJY SSOT |[NH — S10)19ke4 ashe) Alewld

82



(P66 - SBB1) SIBOA Q| 1587
¥661 - BSEL

p—

;puafian

uotioe AreyiiN @
afeloqes @

Sepnox3

D00 IHOCRES

feel

7 0. R <
— GEe

I “spoda: Bunieme |
Ly 64 10 UMDUNU[
e e EEERED UMDY
PG | ElE Ui [e10)
6t v ABYlo/snoaue||aast
62 P L10/! ] N
6 g n1vMpodry
fE cl
layleap

689 L aourUBLIEN
g'e L

L1

v sueldiy
maoyy By
: —_———
sieah
ot oL iseq | 190l
(" siuspiooe Jojpoe) Aewild
1

jO 18quInp

18914 19 [BI2I8UWIWOY) 'S "N-UON

SJUDpPIJIY SSOT ||NH — 1010k asne) Atewid

83



20K PHOLRIFG.

t
I 8 € 0 4 e 8 £ 8l %001 YA [e10]
o SUOIEPOWWODO.
_ . #E? ¢ iabuassey
. Sjuawnisul pue
g P F £ wgel | 9 SWaIsAs [BouDsg
i %l'e } swa)sAs jang
b %Lz | | somod A u_um
i € o - S8ll} pue sayeiq
€ 9 %LLE | €l ‘jeab buipuer]
g %E¥ 2 solneIpAH
' L } L 4 8 %862 | ¥l - %10 Jurid 1Mo
< £ c 8 %0 LL g sj009 3By
xey oeousdde yoeoudde Lo abmuaa
peoT Buipue jeul el agsaQq| osiniD) quin _M_“_.p___ yoaye | w._m 3 [elo) washy
SJUSPIODE JO JaqUnp

¥661-6561 — 199 190 |BIOIBWIWOD SPIMPUOA — SI0J0BL BSNE.) SWalsAS auediy
SIU9IPIAVY SSOT [INH

84



£t

Buid)) 18] [RlusWnRdX] e
sjusaa [eucijeledoucN e
uoloy Alep|iy e
ebeloges e

:sapnjox3y

TRH PNCOAYA

85

‘s)uednaoo Yesoe AjUo Sepn|oul SSHI[eIe) JO JaquIinu ay) 18ASMOH
‘painlul Ajjeiey a1e sjuednooo Yeldlre ueyl Jaylo suoslad a1aym 8soy] 10 AlfEle) DIECY-UQ YHM SJUBpPIODY

‘uomuyeq

sjuaplooy lered



200 ra0Qars

ve

Aluo senere preoquQ,

LSanlee] /G e Sollerel g/ e
sjuapiooe |ejel /. e SJUapIDoe 218} OF e
Bujuoiysod pue : Buuoisod pue
‘uoljensuowap ‘Buiuien ‘1se) e ‘uoitelisuowap ‘Buiuies) 158 e
«SOINEIR] 08 e «Sollele) ZgL e |
SJUBPIODE [B}R) 02 SJUSPIDOE (BB /i
sucnetado obieo-iy e suonelado obreo-||y e o
) jeo]
SONEIBI 211G e Sonlfele} ov9'6L e .
SJUSPIODE [B]€) GOI e SJUBpIooE [BJB) LEE
uonesado 1ebussseyq « uonelado 1abusssed e
SjuapIooe jere) gel SjuapIooe [e1e) 17|
Y66 1-G861 766 1-656 |

198(4 190 |B10J0WIWIO0Y) SPIMPHOM
S]UapIdoY |eled



200 PINTARE

Jeap
v6 g6 06 88 98 +v8 ¢8 08 8L 9. ¥L <L OL g 99 ¥9 3¢9 09

T 0
L~
. b \ \.\ i // c
% L I _ spaJpuny
(. ‘sallers)
B, Ajuo sanele) pleoquO ol {enuuy
V
, _ o 2
- | P
gainpedsp
| uolw Jad
0L sjusapooy
‘solel
jenuuy
uonae AeljiN
abeloqes.
:sapnPXx3y
L 0¢

193|4 181" [el0IBWIWO0D) SPIMPHOA
SluapIodY |ered

87



A -7 ¥ .

08 84

. eL. 0L

N
/)

) B ———

:o:Em:mmw/_w

001
avievg
OvEV
0EEY-
L2EV/0ZEY
0iey

291

FA73
00v-L¥L
00S/00¥/008-2€2
LLOW
080OW

00E/002/001-Lv L

(Auea)

!
!
I
!
]
1
i
i
i
3
i
i
i
i
}
i
'l

R

824
002/001-2€2
. 6-04

L1 Ovd
01-JA
Juapli|

12t

uonessusb
puodag

ugiioe Aejijipye
afiejoqess
‘sepnjoxg

| oz

20 ¥ROXBrY

saunyedsp
uoliw Jad

ol

sjuaplooe
‘sajes |enuuy

Sl

dnous) ousuen) Ag— 199|4 190 [BIDISWIIOT) BPIMPHOM

SJUBPIJIY |eje4

88



Ly

1.9
v6 26 06 88 98 ¥8 @28 08 8. 9. ¥. <¢.L 0L 89 99 ¥¢ 29 09
IR Ny S TENe i B I S N 1] 7T 0
:.r:\ ;:r\_\\ r '7\
siojesado Ul _,_
3 .
7W ’\ ' ol
b | ) .
si0)21ado O sainpedap
'S M-UON Vo uoliw sad
4 7 , Vi S)UBpIooE
| . N ‘salel |enuuy
}mram . it oz
uolor AIBH|IA * i !
obelogese | !
:$opNIoXg '
S b oo

198]4 18 [BI2JSWWOD SPIMPLIOM — "S'MN-UON pue '§'N
S]U9pIdIY |ere

89



%l %E | %ek

1ew Xi
BINO  AeN

0 MGOare

e ibiy 1o ebeueoied ‘emsodxy

%t} %l S %P L

pepoenei sdeiy T\ .

%58 %C'€C | %SYE 1%L 01 %58 %58
yoeoiddepjoroidde
Buspuen leuid [enu)iusdsag asInID qQuiio
\ /S .
A sjuspvoe Jo abejuaoiad
%E '8y _

"sinoy G| Jo uoneinp by e uo paseq afejuasiad ainsodxy

%l Yl

%9°0L | %601 | %E'S
peojun

QuuId

leniu | yoaxel | ‘peo

Ainfui uotienoea] e
Ainful sausinqiny e
uogioe Arejiy
abejoqes »

8¢

‘Ixe}

SSIPNoX3

66 1-656 1 — 1991 191" [EIDISLILIOT SPIMPLIOM
SJUapIdJY |ered

90



613

{v66L - 5B61) sieah 0L 1sBY

I

000 PHIOBE

1ol

weidiamod » uoijoe Aelljiy e NmPI | viy ‘
swislsAs Yol sbejoqe suodoal Buiueme
1ShS yeially ¢ 1098S ‘e 59 10 UMOLYUN
¥661 - 6561 aweiuy sepnpoxy |

. S85NE2I UMOU

puaban - sapnyou| ,, [Ka] bt WM _Eo.vm
8T -
1BYJ0/SNOBUB|IBISIN
DLy/Modiy
£c

1a1ea
51 UIBSAA
BaauBUaIUE

L1
e » BuEdiy
S'ES

2T 07z ma1oybi 4

SR e S S —

09 210
$2SME0 UMOUY YIM SIUSPIDYE [10L Jo efiviuaalad T ‘Sluspiooe o108} Aewlid
,_ 10 oquny

B I

19914 180" {B10J8WILI0YD) BPIMPIIOAA
Sjuapiody |ejed — siojoe4 asne) Arewnd

91



20G ¥xDORNE

414
vy Y%t %25 opg  |Dumog-uoN
%5G %8BS %8¥ °%.9% buysog
S UoNoE AliliNe
seinuede, oun | g siapiooy Ao seqiere; abujoqes e
veded b3 naeed ee4 pieoqu; 'Sapnxy
ver E-1 zoa's 090y 8€5'2 zov'l 282 | sie'z ‘sz8't " 000’02 101
z e 96 09 2 58 g8 b o &v
299 ver'e - ;
8 Tzt | YT | IR Ll L Pl L Ll Bl v T 1|77 g | umowyun|
8eg 0 € 0 7 ez 528 Vil L ev 7 |98 SnosUE(|eas!
¥l g b | z g z z ol 2y IS9SHA
Ll a2 Si e ¥9 | ¥BL - el il oL - 85 T [+14* !
2 9 Ty - ~ g g z L ~ g g Div/uodiy
0 415 02 65 191 9Ll 0 628 [aN]
~ 0 1 g z z T z 0 e T layjeap o
o o ey T Lt £60') 22 55 B8L°L | soueusiuey |
0 o L £ by 1 £ R
m £82 €8 2l 695 vzl 201 ze5'} o
\ I [ € i a1 £ \ v SE auejdiy
0 | ooF v8l'e 1E 519 185°L 0eL g8t
z \\\\ 8 7 EBL 6 oL 12 8l £z matopBid
peot Buipue yoeoidde | yoeoudde ueasS esin w quuy
xel . feury enu| d o _n 1o gy | HOSMEL [eioL o
Salemy
SIUSPIDoY JO JBGqUINN HIEIE _ Arewg
LT R

P66 1-6561 — 19914 18" [BI0IBLILIOY) BPIMPIOM — BSBid 1UDId Snsiap s1010e4 asnen) Alewildg
sanljele4 pue sjuapiooy |eled



200 FHDOEYR

t g v 2 .S £ b 2 Ll g 1 (1e10] 8G) SIUBPIOOE
[ere} Jo JagquInN

By ut
:m_ﬂso:_ uonsneyxe uolsIioa H_Fﬂ,wz.mou.
emuny [and Jeays PUIp Buipue] mous/ed| JIV-PIN ai4 1140 Jo ss07
C—1 [ _ 0
27 5% 997 08 416
1 00§
{ o001
uoloy AreljIN o senieled
abrloqes -
:sapn|oxy
J 0084
v661
senliele) €101 2L0°E
1 o002

Y66 L-0661 — Juspiooy jo 8dA] Ag payisselD
saijijeled aulaly SPIMPJIOM

93



94



S OFL9LENN

Jousapp 4 |He3
lopea] wea | bulesg

UONUBAId JUSPIOIY
Buipue pue yoeoaddy
pue uledsa] ojuj b4 psjjosuo)

TALINN

77 TR
-.\nvv“9

wnisodwAg A1ejes Ay [euoiiewssiu] yigy v1vI/v41/4S4
—



S Lr20LZWNN

. SomeeI 8/l e

SJUSPIOJE { e

uresis) ojul ybily pajjoauo)) e

G661 ‘| lequianoN o}

661 ‘| JoqWIBAON 8oUIS

96



$15 Zrl9lann

‘G661 '} JOGWONON O} ,

JeaA

«56 V6 £6 ¢6 16066888 /898 S8v8 €828 18086482 LL92G6LVL €L 2212 0L 698961

N\ 0
¢
1%
9 sjueplooe
SSO|-[inH
w 1
uoneluswsdul 1
SMdD _ doL
el iel s R =K1
198y} 18 'S N-UOoN [HE: .
=g

uledda] oju| 1ybil4 pajjosuon podsuedj jor



S v 29l2NIN

ve'0 abelo AV PHOM A "PAAIND00 JUBPIOOE BIBUM

80}
ueaqglue) pue

————uoibey Aq siybii4 ueiiiiA jod ss1eH Us8pIodY 1140
JeJsolly odsuel] 19 apIMpPIOM



S 15 /912NN

LZ :yoeoidde ajeipawuisiul 0} jeulq

HSV | e
ANA-O01 c»

3NA-HOA Cl =
sayoroidde umopdalg

Go6 | IPqUIDAON—-83R6 | >_3_... ,m\_.mm> / 1se—Heloldly 19 |eldjswo)
2iNpado0.id juawniisuj jo adA] Aq sjuapiody 114D

HOA | »

0N c =
sayoreoidde
adlvAvN 8lbuis

paidnooun
jopidolne sjqissod | e

ainjdeo 0] ainje)
10j0841p Bl @qeqoid | e

aJnjie} 19A1903.
adojs aplIb a|geqo.id | «

sayoeoudde §Y

JNQ-HOA | »
ST 01 ANT-HOA € »
ST O HOA Le
SHOIEAN Ce

I0J09A D1 | e
yoseoidde |eiiu|

9%



5 PPI9LENN

~‘uoibai olydeibosh 1semof ayy ul
o]kl a8y} 920IMm] uey) alow ou 03 Alobajeo
JBYNS Ul 8)ed JUaplooe SPIMPOM HWIT e

(866 1) sieaA G ul 9,06 Aq ojed Jusplooe
Buipuej pue yoeoidde pue | |40 9onpay e

s|eoy |[e42A0

100



5GP LOLENIW

9|11e9S SSVI—G66 | JOQUISAON e
uogsi] SSYI—661 JSQUISNAON e

andwin eeny] SSY|—E66 | JOGUBAON e

yoeag buo
—vi Ag ue|d JO 80uUBId8DOY—Z66 | JOQUUSAON e

Bunssw wea) Buligs)s [BIUU[—ZE6 L 4900100 e

abusjieyo spJiepuels [euoljeulslul s}es wes |
wswdojers epusby SSVI €66 1—c66 | Joqueldas e

doys3Iop OVI—266 L [Udy e

92104 ) Sk ] uoionpay juapiooy
Buipue] pue yoeouaddy pue | |4H9—A101SIH

101



815 oF L9l2AW

‘weaj
EmEQ_:UM

yeIony

e

e -suopeisdQ

Em__n_ pue Buiures| wea |
wes | jJuswdinbg . Bmholmc__ucm,_ uoleuiwassIq
Yeloiny—bBuipueT pue: ;omoaa< pue sisAleuy

pue yoeouddy/ eleg—Dbuipue
S pue yoeouddy

. [euoibay
ajelodion—uiesa )
~.S8Inpadoid pue

Buwures | b4

~

_Emm.__.. TN ’ sioLE)
Juswdinb3 punoin) N 7 dy—uwes | 1
pue ‘seJnpedo.d N 7 S8INPa00Id pue —
‘Buiures) D1y . e Buures | 1yb1 4 _
_ _ N /
N\ /s
~ 7/
~ 7
Wwea] wes |
UoIEILBWGId | UOHBUIWBSSI
| HEJusLRIcU) wea] bupeals pue eyeq
92404 }sel 14D

uoijeziuebiQ 92404 )sel 114D



28 2 L9LENN

U4

sjonpoad Jo uojEusLIWa|d;

A | A

LONJELLIO) WES |
uoeyuawaidu

A T A

UOIJELLAD) Wea ]

Buipue pue yoeouddy
A
egnQ 2nesg
yuno4 PAYL

Jawdoasp 1onpoid weaj

uogsi

A

puoasg

A

andwinT gfern

| A

yodal jenuue 15114

A v | A

uoleLWLIc

A

WUBLIWWOS DY)

A

Buneaw wes)
BuLeals jRINL|

ludy
doysy Iom DV

/66!

9661

G661

661

€661

ueid lile4en0

¢66 |

103



SIS bl9leNN

‘palinbai sk siequisw weslqns JnJioa.l pue Ajusp|

| ‘Palinbal se
swealqns Joj ainjonuls uoneziuebio dojpas(g

‘sjutod abesans| Ajuap|
'S3IIAI}OR pue sabessal snoo4

‘AIO]sIy usplooe
UO paseq uoilejuswajdwi pue uoinNguisIp azij1iolid

'S81lIAIIOR uojjeluawa|dwi a)e)l|ioe) pue pes

‘swies) Juawdo|saap
_10onpoud Aq padojensp s1onpoid anquisi(

2doog wes] uonejuswajdwii

104



S¢S bY LOLaNN

Si2INSU|

SUOI1BIO0SSE apki| e

suolibai [eoiydesboar) e

(OVYD| pue sanoyine Auoreinbal “6°e) spiepuels e

“sJainjoejnuew swellY e

(3ol pue

doidoguny y10q) s4a14ed jeuolbal pue ajelodio) e

SIOLIIBD U e

:Buimoy|o} sy}

1SE9| 1B JO UOI108S SS0.O B Juasaidal jim (siequisul
Gl 01 0L) diysioquuaw s,wes | uonelusws|dui] 8100 e

‘wes} uoljejuswiajdwl a.1lus sy} 0} UuoioalIp
[[eJan0 aplaoad [jIm wee | uoljejuawa|dul| 8100 e

uolnedidiped wea] uoiejusawajdw]

105



. Sostan

) f.{»u,__,_._n___w:o%e v,o_m.mm_k_.m aAloadsal sy}
0} ajelidoldde ‘suoloe syey 0} sdnoub Pasii daA0ge adusnjju|

'sdnoub pajsi| aAoge ay) 01 weiboud Buipue pue yoeoiddy pue
1149 Ag peonpoud sionpoud Jo aBpsajmouy 10 sionpoid apinoid

aouspuodsalion) e
suoljeluasald e

sBulleaW [euosiod e

:ybnouiyi sdnoub paisi| anoge 0}
sbesssw uoluanaid jusplooe Buipue| pue yoeoudde/| {0 Ae)

SO0 o

BIPOIN o siole|nbay e

swipedsq suonessd b4 e SUBIOINIO] e
‘YHm siseq

:‘_‘.QCO_@Q._ e uo swbes a“—mj—uc_ >Q J0B}UOD ojendoidde e

UOI}OY POpPUBWIIOI9Y

106



i 4 =

Function Follows Form: Building Organizational
Structures and Processes to Accommodate
Human Factors and Resource Management

lohn Lauber
Vince Mancusc

Ray Justinic
Steve Predmore

Introduction:

There is widespread agreement throughout the operational. regulatory, and fiscal communities that
integrating human factors and r£source management principles into operations is a wise course of
action. Increased interest in human factors inlegrauon has been fueled by operational successes in the
Advanced Qualification Program (AQP). the publishing of the Human Factors National Plan, and the
proposed FAA regulations requiring resource management training. For the airline managsr it has
became more a question of how 10 integrate rather than if an organization should integrate buman
factors and resource management. If the organizational managers are stll asking “Should we
integrate human factors 2t the corporate level” then there is a fundamental issue of education and
commitment that must be addressed before issues of human factors and respurce management
functior and form can be addressed. ‘

The Human Factors National Plan (1995} provides a useful framework for guiding human factors
integration. In fact. the apphication of human performance principles into operations is one of two
primary agenda items contained in the National Plan. The Plan calls for “improving the applicatuon
of research results 1o planned and ongoing programs.” The importance of translating principles inmo
operational programs is detailed in the foltowing National Plan excerpt.

r Too often. government. academic. and industry programs lack the mechanisms 1o effect the
transfer of the human factors knowiedge contained in research products. implementation of the
following four management actions is essential 1o institutionalize human factors acuvities in the
workplace and to maximize the benefit of a national human factors progrart.

e  Establish and implement the policies and processes necessary 10 create an environment
for change

«  Develop human factors education and traming programs at all levels

e Equip personnel and facilities with modern tools and techniques of the human factors
engineenng discipline

»  Develop and maintain the infrastructure to translate and dissemminate human factors
products. and guide the organization’s functions involving the human component

This report will focus primanily on how to integrate human factors and resource management
structures and processes into an organizauon. Using the guidance from the Human Facilors National
Plan and the 1CAO Human Factors Digest No. 10, we highlight how human factors and resource
management can be integrated. This report will focus on several aspects of integration 10 include the
nature of the integration challenge. a systems approach. human factors department attributes. human
factors department functionality and conciude with suggestions for moving from principle to acuon.
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Terms and Conventions

Malnienance Resource Management (MRM). Dispatch Resgurce Management (DRM), and Team
Resource Management (TRM) are & few acronvms used to describe tailored variations of basic
resource management programs. Since this report is directed to the corporate level. all variations pf
Resource Management.will simply be grouped together and Iabeled “Resource Management.”

Sc:}:ral derivatives of Crew Resource Management {CRM) have emerged in recent vears.

Most organizations use different labels for functional groups. For our purposes. the entity designed 10
perform human factors functions will be referred 10 as a department. The reference to a
“department” is not a mandate to elevate or subordinate the Functions of human factors to match a
hierarchical label. Each organization will have 1o determing where in the organizational chart the
Human Factors functionality should reside and what it should be labeled

The Nature of the Integration Challenge

Operational solutions 10 human performance challenges must acknowledge the influence and
interdependence of organizational variables in shaping attitudes, behaviors and culture. A human:
factors integration effort that focuses exclusively on the individual or the organization ignores this
influence and interdependence. Individual as well as organizational level issues must be addressed to
correct human performance challenges.  The interdependente of systemic factors and individual
performance is not a new issue. Dr. Richard Hackman (1993), for example, details the
interdependence of organizational process. structure. and context in his discussion of factors that
influence crew behavior.

Attifudes, behaviors, and culture are shaped on an individual as well as organizational level. One of
the Inost powerful shaping influences on corporate culture is, individual and small group
accguntability. The ultimate measure of successfully internalized norms is observed when someone
viol#nes the norms. The following excerpt from the ICAQ Human Factors Digest No. 10 {1993}
highlights the imponance of individual and small group attitude, behavior and culture.

“Culture defines the values and predisposed atiitudes, exerting a final influence on the behaviour
of a particular group. Norms are enforced by expressing disapproval of wrongdoers: how
strongly a culture sanctions those who violate norms is an indication of the irmponance attached
to those nerms.” (p. 11),

This internalization on an individual and small group level is critical to ensure that sound human :
factors practices become reflexive and expected. Human Factors Department form and function miist
be designed to affect individuat and small group performance. To affect individual and small group
attitudes, behavior, and culture, there must be a corporate commitment to systemic integration of
human factors. If the human factors principles are not intethalized both individually and ;
organizationally, the liketihood of their sustained practice is significantly reduced. Each individual
must internalize and subsequently attach importance o human factors-oriented organizational norms.
The human factors department must have the breadth and depth of reach to affect the attitudes,
behaviors, and culture. This reach simply cannot be realized without a commitment to syslemic
integrauon.

Aveiding the “Quick Fix" Trap

Cortections to human performance deficiencies too ofien focus on individual or crew remediation
(pumishment or additional traming) -Admunisiering discipline or training the individual or crew is
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usually the quickest. easizst. and most familiar response to a deficiency. Wle there are times when
discipline and/or training may be the correct esponse 0 3 human performance deficiency. an
accident.or incideni, too ofien these “quick fixes™ are used as bandages that do not correct the svslemic
or root causes of the prablem.

“Focusing remedial action around improved performance by {a] particuiar crew would enhance
safety at the individual level. that is. only as far as this crew is concerned. However, the door
woutld remain open for many other [individuals] operating in the same unimproved sysiem to
make errors invited by imperfect system design. the major contribution must then onginate at
the decision-making levels. thase who have the ultimate power 1o introduce radical changes and
modify - system-wide - the architecture, design and operation of the sysiem.” {(ICAQ, 1993, p. 6)

It does very little good 10 spend a lot of effort building “training vaccinations” or sending memas o
change individual performance without sonsidering the departmental and organizational components
that contribute to individual performance. A quick fix (a memo, a briefing. etc.} may change
behavior for a short time but the underlving habit patterns of the individual, the department, and the
organization wili generally drive behaviors back to the original state unless the underlyving system is
also fixed.

To look bevond individual performance, it i5 important to identify and assess the systemic and
organizational factors that shape individual performance. A simple “fix-the-operator” approach 10
human performance neglects the reality and influence of other systemic contributors. To have a
sustained affect on individual performance, the human factors programs imust also address the
organizational structures and processes affect the atutude, behavior, and culture.

A Whole Systems Approach to Integration

There it little disagreement that underlying systemic factors shape individual and organizational
performance. To address individual and organizational performance, one must look at systemnic
factors that enthance or detract from performance.

“Contemporary safety views argue for a broadened perspective which focuses on safety
deficiencies in the system rather than in individual performance. Evidence provided by analysis
from this perspective has allowed the identification of managerial deficiencies at the design and
operating siages of the aviation system as important contributing factors 10 accidents and
incidems.” (ICAQ, 1993,p. 1)

Senior management ¢ommitment to improving human performance through the application of human
factors and resource management is a fundamental requisite to success. Senior managers have a
tremendous shaping influence on individual and organizational atutudes, behaviors, and culture. The
orientation toward increased safety and efficiency through a commitment to improved humar
performance will be as good as senior management desires or as bad as they will allow. Thereisa
huge spectrum of possible performance that is largely determined by senior management proactivity
and support.

Human Factors Department Attributes

Refore designing function and form, it will be tmportant to identify the necessary attributes of a
corporate human factors program. This section highlights some of the attributes that should be
integral atributes of a human factors depanment form and function.

- 109 -



|
Sukﬁcienr Resources to Sustain Change
|

Oné of the imponant attributes of a human factors department will be sufficient resources (staff,
gzifer_ equipment, commitment) to sustain integration of the department and the programs. Manyv

ks have been written about individual and organizational behavior. Integrating human factors:
into an organization’s culture is like planting a tree in an arid climate; it must be nurtured and ‘
- supported until it has deep encugh roots to reach ground water after which time it will continue g

survive on its own. This concept applies equally 10 the entife department as it does for individual.
projects. ‘

If the integration of human factors is not systemic and does not reach individual and organizational
attitude, behavior, and culture the entire system will tend to fevert 190 its original state. The end
result of 2 “quick fix” approach is that the organization endsiup where it started without the benefit of
the money and time spent on the quick fix. ) .

Consistency

programs. he or she will invariably identify gaps and duplications. The dissociated nature of
departmental programs is the genesis of many of these gaps and duplications in human performance
programs. A manager must ask “Is it possible that our organization has outstanding technical merit
and perfon'nance as individual departments, vet on an organizational level we are inefficiem”"

i “Investigation of well-pubticized, major catastrophes in sociotechnical systems clearly

| suggested that it is quite possible to correctly design indjvidual components of the organizational
{slmcture {departments, sections, ete.) so that they can adhieve their assigned objectives safely
|and efficientty. and vet fail to secure over-all organizational safety and effectiveness because of
iinanemion to the way those individual components interact when integrated ” (ICAQ, 1993,

ip.14)

While it is important that human performance programs be tailored in language and function 1o each
area pf the company. it is equally imponiant that there is a conporate-levet focal point for core human
performarce related development. This focal point ensures consistency while identifving and
reducing duplication of effort. The human factors departmeni should placed organizationally 1o be
able to assess and coordinate all deparunental and operational interactions (contractors inciuded). At
Delta, The Corporate Safety and Compliance Department is ik such a position, :

Placement at the Corporate Level

An early challenge for the senior manager who oversees the himan factors department wiil be 10
Creale an organizational structure (form) that will ailow for sufficient human factors breadth and
depth to be able 10 shape attitudes, behaviors, and culture across organizational and operational
boundaries. To accomplish this, the himan factors manager must have the authority, both perceived
and real, to reach across the whole operation. The manager must also be abie to assemble and
coordinate resources and people across organizational and operational boundaries. Placing the
human factors department inside another operationa] department with their inherent silo-oriented
Structure and limitations would seriously impair the functionality of corporate human factors. The .
Human Factors Department should be placed organizationally to be able 10 assess and coordinate all!
departmental and operational interactions {contractors included). At Delta. the Corporate Safety and
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Compliance Department is in such a pesitien. The Corporate Human Factors Department has been
placed as a department within Corporate Safery and Compliance.

Cross-Organizational and Cross-Departmental Reach

Many systemic difficulties that lead 10 human performance deficiencies are born from insufficient
communications across departmental or gperationat boundaries. In many cases, the individuals who
shape operational policies and procedures, for example. are not the same individuals who develop the
documeniation and wraining. It is not reasonable 10 assume that all the individuals who affect the
organizational siructures and processes will have a comprehensive awareness of human performance
science 1o be able to identify and incorporate these tenets. Without some common corporale focal
point it is even more unlikely that different depariments (or operators in the case of contracts) will
integrate these principles consistently. There must be an entity that assists with the integration of
sound human factors principles consistently across departmenial and operational lines.

Optimum human factors integration would include most parts of the company. In the same way a
chain is onlv as strong as it's weakest link, the company s weakest human performance link may be
where the integration is not happening. A company exposes itself 1o higher risk and lower safery
margins if only isolated parts of the operation consistently integrate human factors while other parts
remain uniouched. As carriers move ioward more contract servicing, more operational personnel
will not fall under the carrier’'s umbrella. Extending sound human factors principles outside the
organizational structure 1o CONtractors is an important issue that must be addressed. To address this
challenge. 2 human factors department will need 1o assist the contract liaisons to develop of
mechanisms and standards for human factors integration and practice.

Defining Human Factors Department Functionality

Human factors functionality must suppon existing core corporate programs while incorporating all
the basic tenets of a sound safety orientation. ICAO Human Factors Digest No. 10: Human Factors
Management and Organization (1993), offers several attributes inherent in a safety-onented
organization, A safetv manager must Jook at these objectives and structure the human faciors
department as well as the programs to enhance these goals.

ﬁn genera! lerms. safe organizations:

»  Pursue safety as one of the objective of the organization and regard safety as a major contributor
in achieving production goals.

« Have developed appropriate risk management structures, which allow for an appropriate balance
berween production management and risk management.

« Enjov an open, good and healthy safety corporate culture;

» Possess a structure which as been designed with a suitable degree of complexity, standardized
procedures and centralized decision-making which is consistent with the objectives of the
organization and the characteristics of the surrounding environment.

e Rely on internal responsibility rather than regulatory compliance to achieve safery objectives:
and

« Respond to observed safety deficiencies with long-term measures in response o latent failures as
well as short-term, localized actions in response to active failures.
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Deﬁni};ig a Philosophy to Focus and Prioritize Human Factors Efforts

A philos:oph)' 15 a useful 100l for determining program and department direction as well as
prioritization. The field of potenual applications and projects is so large that the human factors
manageztl cannot possibly address them all. Pnonitizing human factors departmental efforts will be
important. The progression hughlighted by Wiener and Degani (1991} in their publication,
“Philosophy, Policies, procedures and Practices: The Four P's of Flight Deck Operations,” provides a
useful backdrop for developing human factors programs apd prigrities within vour organization.

From this philosophy, a coherent and consisten set of policies, procedures, and practices can be
derived. Weiner and Degani (1991) state;

*... by establishing a philosophy of operations. management states how it wants the organization
‘to function. Such philosophy can only be established by the highest corporate level. From
philosophy, policies can be developed. Policies are broad specifications of the manner in which
management expects tasks to be accomplished...” .

Delta’s Human Factors Department Operating Philasophy:

To be the guardians of safe human performance standards and the champions of human performance
excelience 1

A Closer Look at the Human Factors Department Operating Philosophy

There is a huge variation between minimum regulatory compliahce and optimum (or even acceptable)
operationa) performance. Safety and human factors must be more than goal line defense programs for
minimum acceptable compliance standards. Programs should focus on excellence yet excelience
cannot be mandated; It must be internalized at the individual level. While minimum compliance
standards should be respected as inviolate, they should not becofne the benchmark for optimum
system or individual performance. Both common sense and competitive forces would suggest that
organizational goals must focus on excelience that is well abovei the minimum standards. Increased
safery margins through improved human performance are best realized by focusing on excetlence
rather aspiring 10 minimum compliance.

Clearly Defining the Goal, Mission, and Roles of Human Factors

The outcome of human performance programs has a direct impact on the safety and efficiency that
our cugtomers, employees. and stakeholders enjoy. Defining th¢ goal, mission, and roles helps us
direct, prioritize, and utilize our fimited resources to their maximum effect. As we move from
philosgphy to practice the verbiage becomes less abstract and more action onented.

Delta’s Human Factors Department Goal

To improve the safety and efficiency of Delta operations by creating and supporting excellence in
human performance.

Delta’s Human Factors Department Mission

To analyze human performance with respect to all four resource quadrants (people, policies /
procedures, machines, operational support structure) using multiple disciplines (psychological..
physiological, psychosocial, biomechanical, systems science, and management science, etc.) 1o arnive
at adjustments and improvements in the four areas a manager controls to shape job performance
{selection, training, resources. and motivation). See Figures 13,4, & 5.
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Analyzing —»-Using Multiple » To Shape

Disciplines
Psyvchology )
People Physiology Selection
Policies/procedures Sociology Training
Machines & Tools Biomechanics Resources
Ops Support Structure | | Svstems Science Motivation
' | Mgmt. Science

Figure 1. Delta’s Human Factors Department Mission: Moving from Analysis 1o Action
The Human Factors Department Role

“The role of the Detia Human Factors Depantment is to be a service entity providing guidance and
msight 1o operatianal managers (imernal customers) across departmental boundaries for inegrating
human factors principles in a sysiemic manner. The goal is to provide operational managers the
awareness and 100ls to strengthen human performance themselves. It is not the goal of the Human
Factors Depariment to become an oversight authority that regulates human performance programs.
The role of the human factors managers 1s serve as internal consultants to help operational managers
improve sysiems. structures. and processes. The human factors manager helps operational managers
translaie the latest human factors science into action with programs directed at improving human
performance through optimized selection, training, resource. and motivatuon systems. processes and
structures. Figure 2 highlights the senvices offered to internail customers by Delta Air Lines’ Human
Factors Department:

« conducting human performance audits on new and existing programs to identify
opportunities for performance enhancement,

= assisting in the development of Team Resource Management tratning programs and
performance evaluation tools.

» human factors accident and incident investigation,
» matching human performance challenges with experts inside and outside the company. .

» assisting in the development of performance-oriented recruitment. selection. and personal
development programs.

Figure 2: Delta Human Factors Service to Inmternal Customers

Building Form and Function with the Basics

Mary of the bastc principles of human factors. resource management. and training are timeless
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and provide a useful foundation for building human facters form and function. This section
highlights some of the basic principles and models used to shape Delta’s Human Factors form
and function.

To build realistic boundaries for vour Human Factors degartment and programs it will be useful to
establish definitions for both Human Factors and Resour¢e Management. While this may seem
basic, without a common definition, a common vision of program form and function will be
elusive. The human factors manager will likely find himself or herself creating a program
without limits while chasing amorphous and ill-defined expeciations.

Human Factors Definition:

Human factors can be defined as the comprehensive, mubti-disciplinary science focusing on
systemauc and comprehensive assessment and improvement of hwnan performance

The Primary Disciplines of Human Factors

There are many disciplines associated with human performance. To be a credible human
performance resource, the human factors department should have the capability to address the
primary disciplines (Psychology, Physiology, Sociology, Biomechanics, Systems Science, &
Management Science) integral 1o human factors (See Fi pure 3).

The Primary Disciplines of Human Factors.

Systems Science

Prychological Psychosocial

Physiological Bbmech.mic-ll
Management Science

Figure 3: The Primary Disciplines of Human Factors

Delta’s Core Human Factors Model

At Delta, we use an adaptation of the Edward’s SHEL mixdel, illustrated in Figure 4, as a core |
framework for human factors. The human function is anatyzed in four different contexts:
hardware, software, liveware, and environment.
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Figure 4: Delta’s Basic Human Factors Model {An adaptation of Edward’s SHEL model)

Human (Livewarg): The human who interacts with the system

Expanded Team (Tiveware). The other individuals, crew members, or expanded team members with
whom the human in the center of the mode! interacts.

Policies and Procedures ( Software): The guidelines, standards, norms (written and unwritten) that
highlight how the system works

Machines and Tools (Hardware). The equipment. machines, tools, and other devices that the human
uses to accomplish work.

Operational Support Structure (Environment): The support structure {organizational, operational,
functional. etc.) within which the human performs. (Examples might include the Air Traffic Control
infrastructure, the company scheduling structure, et )

Four Contributing Factors to Job Performance a Manager Controls
To shape human performance, it is important o assess the factors that are within the contral of an

operational manager. The Jones (1993) model highlighted in Figure 3 highlights the four
components of job performance a manager controls.
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Job Performance

Selection Training Resources | | Motivaiion
*Technical Skills *Technical *People *Standardization
*People Skills *Resource Mgt *Policies *Recopnition
¥ Attitude *Documentation *Assessment
*Personaliny *Egquipment
“elc. *Suppon Struciure

Figure 5. The Four Contributing Factors o Job Performance a Manager Controls
(An adapiation of the Jones Model)
1

kesource Management Definition

|

Within the discipline of Human Faciors, Resource Management training programs will be one of
the most useful wols available ta managers throughout the organization for shaping performance.
A clear definition of Resourge Management will help define the scope and focus of departmental
and program cfforts. Recent definitions of Resource Management have begun to encompass a
rhuch broader scope and have been coined as Corporate Resource Management. 1 will be
imponant for the manager to deterrnine the scope of resource management efforts to establish a
focus and boundariés for program development. We found it useful to break down (C)RM into
iadividual compenents, define each separately, then offer a collective definition. The following is
Dlelta’s definition of (C)RM:

: * Crew / Team / Maintenance ! Dispaich / Corporate: The scope of extended group that

collecuively contributes to the operation

* Resource; The people, policies, machines and operational structure that the group can cal]
i upon during the flight or mission.

* Management: The knowledge, skills, and roles used fo direct, control, and coordinate
Tesources

The Collective Pefinition of Resource Management:

‘The knowledge, skills and roles used to direct, control, and coordinate all available resources’
toward safe and effective operations.

Delta’s Six Resource Management Categories
To systematically integrate the resource management skill set inlo documents, standards, policies,
procedures, training and evaluations, it will be important to further identify, define, and categorize

resource management. The categorits collectively represent the skill se1 an individual uses to
manage resources. Many organizatons slice the Resource Management pie in different ways. How
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an airline categorizes resource management 1s less imponant than the fact that they have established
a categorization scheme.  Figure 6 highlights Delta’s six resource management calegones.

It is imporant 1o note that the categories should be is stated in terms of skills and not abstractions or
concepts. For example. Delta uses ~Situatonal Awareness Management” instead of “Siwational
Awareness.” Situational Awareness is an outcome, while Situational Awareness Management is a
shall.

Delta’s Six Resource Management Categories

Communication
Crew Coordination
Planning
Workload Management
Decision Making
Situational Awareness Management

Figure 6. Delta’s Six Resource Management Categones

A Framework for Basic Learning Progression

One of the most effective tools available to the corperate manager 1o shape behavior is training. To
be effective, however, the training programs must be built on sound Instructional Svsterns Design
(ISD} and human factors prnciples. Curricula must systematically lead individuals from Knowledge
to Skill to the fulfillment of a Roie (KSR). This systemic KSR learning progressicn (Mancuso &
Kirijan, 1995) has proven o be most successful 1n ajrcrew hurnan factors and resource management
training (See Figure 7). The wisdom of structuring the leamning progression 1o systematically shape
behavior applies equally on the flight deck as it does anywhere else the organization.

The KSR Progression

Application

Awareness

Figure 7. The KSR Learning Progression (Mancuso & Kirjan)

Moving from Principle to Action

The principles of good human performance are relatively simple. Translating these simple concepts
into (selection criteria, policies, procedures. documents, training, etc.) practice is the chailenge. Most
. airlines would not be in business if they did not have a cursory understanding of how to harness
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|
hufnan performance. In many cases it could be considered jusi good common sense.  As the industry
increasingly puts voice 1o the tenets of human performance. the airline manager can objectively and
ovartly weave these principles pan of the corporate stvle and pu1 them into action. To create
exgelience tn human performance the airline. the managers, and the personnel will have 10 extend the
understanding and integrauon bevond a cursory awareness, . The first challenge is to put these sound
human factors and resource management principles into anorganizational language that can be
understood by evervone.  The next challenge is to weave these concepts into policies, procedures.
documents, company structures, training, elc. in a coherent and unified manner from top to bottom.

Proactively Develop a Departmental Structure Rather Than Letting One Emerge

Two approaches might be taken in the development of a human factors department. The first option
would include building an organizational structure (form) designed 10 perform human factors
funcuons. The second option would be to aliow the emerging human performance functionality °
determine the shape of the organizational structure. In reality, the way that human factors emerged a1
Deha was a mix of both approaches. The successes of Humbn Factors in ftight operations were
recogruzed as equally applicable and beneficial 10 other areds of the company. As other departments
within the company recognized this benefit. they began approaching Flight Cperauons Human
Factors for assistance. Once Flight Operations began exporting their programs to other parts of the
company. the benefits became apparent to other non-flight operational managers. The evolution lo
the current structure 1s not a process that every organization will have to go through if they choose to
adopt the form rather than iet one emerge. There simply is no reason to “recreate the wheel” for
human factors integranon in every organization.

There are 2 few significant problems associated with waiting for a function to emerge. The sysiemic
nawre of human factors integration suggests a cross-deparumental and croés organizational approach.
If the department responsible for human factors integration resides many levels down within the
organizational chart, it may not have the reai or perceived apthority or responsibiliry 1o accomplish
cross-deparumental and cross-operational coordingtion functions. Any integration that requires action
outside of the deparimental silo within which the human fadtors department resides may not occur
due 10 competing political and economic inter- and intra- depantmental interests. By taking 2
funcuion first approach. the human factors department and programs may not have the fertile ground
to develop deep encugh roots to self-sustain or affect the corporate attitudes, behavior, and culture. It
will be very difficult 10 shape human performance in a mearingful way by taking a pure “function
first™ approach

Two Options: Fix the System or Accommodate the Limitations

A system fix 15 almost always more desirable. There will be times, however, when an immediate
fix 1s not practical or possible. In this case it will be imporant to identify, accommodate and
manage the limitations  When changing the infrastructure or processes is not appropriate, the
hurhan factors managers can assist in the development of accommodations to inherent svstem
limitations.

Accommodate the Reality of Limited Resources

In a perfect world. we would have unlimited time and finangial resources 1o gain peak human
performance in all operationa) aspects. In realiry, operational managers will not have unlimued
ume and financial resources to address human performance issues. It is important for the manager
1o keep one eve on fiscal as well as time constrainis  One of the cantions and concerns of semor
managzmen is misaliocation of effort and resources. The problem is not whether there arc
sufficient high value human performance injtiatrves to address; there are plenty. The challenge 15 10
direct imited resources 1o the projects that have the highest impact.  As performance measures
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(individual and organizational) are refined. the ability of 8 manager 10 dentify. track. measure.
report organizauional fagtors {process. structure. and outcome) will improve. The manager wili be
able 10 more objectively assemble these measures for fiscal Jjustifications or project prioriizaion.
The botlom line is that there are plenty of productive human performance projecis but there 1s a
shortage of hard data to drive and suppor human performance oriented program decisions.

Identify and Leverage Existing Company Programs and Resources

The most efficient operational impact will be realized when the Human Factors Manager 1s able to
harness the existinig company programs and resources. As we reviewed the nature of shaping
human performance within the corporation, two distingt activities emerged, problem
idemification and problem solving. The manager may find it useful to group existing resources
into these two different categories.

Identifv and Leverage “Problem Identification™ Resources

There will be many existing departments, programs, and pecple within the organization that are
charged with identifving problems. Many entities will be charged with an audit and analysis
function. These groups may include safety review teams, continuous improvement teams, audin
teams, etc. It will be imponant to work with the problem identifiers to help them build their
knowledge and skill as well as their tools and protocols for identifving individual and systemic
human performance issues. If there are gaps in the company s existing identification resources it
will be the hurman factors manager's challenge to fill in those existing problem identification gaps.

Identifv and Leverage “Problem Sohving” Resourges

Once the problem is identified it is time to select and complete a course of action. While many of
the program identifiers may also be involved with solving the problem, the Human Factors
Manager will likely find a whole new set of existing company resources thai are designed to solve
problems. Training program developers are one of the more COMMOR rEsoUICes. It will be
important for the Human Factors Manager to work with the problem solvers to help build their
knowledge and skill as well as their Lools and protocols for solving mdividual and systemic human
performance issues. Similar to the problem identifying group, it will be inevitable that the Human
Factors Manager will find gaps in the existing problem solving programs. When these gaps are
identified, the managers will need to build or augment programs to address the gap in problem
solving capability.

Identify and Assess Human Performance Issues

To improve human performance, an organization must have the capability to identify and put

“voice 10 human performance issues. This organizational self-awareness is a developed skill that

includes manager education. The ability 1o take a giant step back from the operation and look at
it with an eve toward human factors issues is not a skill thal evervone in the orgamization
possesses. The challenge for the Human Factors Manager will be to build this capability by
systematically educating managers and emplovees 10 idenufy human performance 1ssues.

Bring the Sciences to Bear on the Problems

There 15 a wealih of talent and resources available throughout the scientific community directly
beneficial 10 the airline industry. However. there is often a gap between human factors research
and the operational needs. It will be irportant for human factors managers to collecuvely work
with government 1o shape and direct research and development activities to addsess the needs of
the users.
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Another cjallcngc inherent 1n bringing the sciences 1o bear on the problem 1s the ability to
translate rdsearch language 1nto operational language. If the Human Factors Manager hopes to
harness the tremendous insights in existing human faciors research and literature. he or she must
be able 10 speak both operational and research language. The bridge will not be built between the
two communities unless the capabiliny 10 translate between the two domains exists,

Generate Operational Solutions

The ability 1o generate operational human factors solutions (structures and processes) will be an
importani capabiliry that ihe manager must develop to ensure success. Even if the problem is
identified and the appropniate theories and research findings are identified, the most significant
chalienge #ften lies in translating these theories and findings into action (programs. paolicies,
procedures, documents, etc.).  This is probably the most tmportant skill in the Human Factors
Managet'stoolbox. 11 will be important to find and/or develop methods, tools, strategies and
protocols for applying human factors within an operational airline setting. The challenges will be
unique throughout the orgamzation. The application of human factors in selection. wraining.
resources and motivation systems will represent a challenge 10 each department and organization,
Currently. AQP continues o iead the industry in the sound and svsiemic integration of human factors
and resource management into an organizational system. While AQP focuses primarily on training,

it provides an example of a “whole svstems approach” that can be applled to other departments. and
programs.

Develop and Use Feedback Systems

Any complete svsiem requires accurale and timely feedback. As the operational community becomes
more savvy in applving human factors in operational sentings I.hereps an increasing need for
developing metrics to track performance. To assess the fitness of individual performance and the
systlemic contributors to human performance, it will be impornant t¢ have appropriate and accurate
metrics. There are several challenges that face the manager when frving to develop appropriate
metrics. The first challenge is to identifv measurable processes and outcomes that are a reflection of
individual and systemic performance. The second challenge is to develop methods for collecting and
assessing the data. The third challenge is to develop methods for réporting these findings in
operationalty relevant wavs. The final chalienge is to use the findings to initiate and shape change
within the organization. Individual and systemic human performance feedback systems are an
integral component of an organization’s human factors integrauon.

Conclusion

There hax# been some notable successes in applied human factors v-'uhm airline organizations. There
are, however, many human performance challenges and opportunities that remain undeveloped.
Through an orientation toward action, a foundation in Human Factprs and Resource Management
basics, a clear understanding of svstem attributes and functionality, all tied together in a svstems

approach, human performance improvements can become an integral part of an airline’s form and
function.
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International Air Safety Seminar
Seattle, Washington, November 1995

Air Traffic Management in Developing Regions
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Summary

Worldwide growth of aviation cannot be sustained without improvements in the air
traffic infrastructure. The air navigation system in which aircraft fly must be safe, and
must be economical for air traffic service providers and airspace users. Aviation
growth and economic operations can only be achieved by utilizing modern technology
for communications, navigation, surveillance, and automation. While developing
nations may have difficulty in affording traditional technology for air navigation, the
new concept of automatic dependent surveillance (ADS) and low-cost controller work
stations should be affordable by all nations. ADS can take advantage of current
avionics in many of the world’s commercial aircraft, and new low-cost avionics can
provide much of the needed functionality in older aircraft, smaller aircraft, or fleets of
aircraft where costs are otherwise prohibitive.

1, Background

ICAO’s Future Air Navigation System (FANS) reports outline a planning process for Civil
Aviation Authorities (CAAs) to implement the FANS Communications, Navigation, and
Surveillance/Air Traffic Management (CNS/ATM) systems concept. Many large countries
have already implemented conventional systems (e.g., radar for surveillance) and have
already invested significant effort in determining an optimum future implementation
strategy. However, for many of the world’s nations the planning task is much more difficult;
they do not have a comprehensive existing CNS infrastructure and cannot afford to
implement existing ground-based technology. Although many developing regions control
relatively small Flight Information Regions (FIRs), they do not have the planning, research
and development resources or procurement budgets of larger countries. Also, with lower
volumes of air traffic there are fewer revenue or tax opportunities to offset the financial
investment required for airspace improvements.

For civi] aviation authorities and aircraft operators in developing regions it may be useful

to consider the alternative approaches offered by implementing the CNS/ATM systems
concept.
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2. Roles and Options for Aviation Organizations

ICAO has identified several different types of organizations and how they can work together
to implement a viable action program:

|
States and Regions
irspace Users
ICAO

Awviation Manufacturers
Communications Service Providers

This paper presents options from the perspectives of the developing states and regions, the
airspace users, and the communications service providers.

KN The Developing States’ and Regions’ Perspective

The "developed" states are characterized by having well established aviation infrastructure
systems already in place, well established plans for the future, and well established funding
mechanisms to make a transition viable. They also have well established national ajrlines
and other airspace users who can articulate their needs and, through taxes or fee struétures,
can directly or indirectly fund the investment needed for the future.

The developing states are characterized by having either no or only very limited aviation
infrastructure systems, and thus are not well equipped to develop plans for the future. With
no baseline systems in place there is usually no existing funding mechanism for future
infrastructure investment, and usually a relatively low source of government funds available
for such projects. The airspace users consist of domestic airlines that are sometimes solvent
only because of government funding, foreign carriers who transit or only overfly the state,
and usually there is no body of general aviation users.

Some developing states have very large areas of land and airspace, some have only small
areas. A common thread is that the utilization of airspace is relatively sparse. This creates
several dilemmas. Low airspace usage means that user fees will produce little revenue.
Large land areas mean that extensive coverage is required. Low density of traffic also
means that air traffic controllers get little experience in handling aircraft, and cannot afford
sophisticated tools to optimize the control of aircraft. In extreme cases, air traffic control
is virtually abandoned as an impossible task of no benefit to the country concerned.

There are several factors that are acting as the catalyst for change.

The demand for air travel is continuing to grow; well over 1095 annually in the Pacif.i@ rim,
and about 5% in the areas of least growth.

Aircraft operators are seeking optimum routing for their aircraft. This will result in air
traffic being more distributed than ever before, as each flight seeks to take advantage of the
wind of the day. Some areas that are used to higher volumes of traffic will see less traffic,
and other areas that see no traffic today will be requested to accept new overflights.
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New technology allows much lower cost methods for implementing communications,
navigation, and surveillance and the resulting air traffic management.

Communications:

Traditionally, air traffic control communications is accomplished by voice. In the
CNS/ATM concept, all routine communications will be done via data link. The "developed”
nations of the world are already making plans for the communications infrastructures they
will use for data link communications between controllers and pilots. Other nations, with
less ability to fund such systems, can take advantage of the development and investment
made collectively by the industry by using an established communications service provider.
The US FAA is planning to implement a Mode S data link system for ATC data link
communications. The government of Jamaica offers data link communications through an
arrangement with a communications service provider, ARINC. Jamaica has not had to fund
any research, development, construction, implementation, or future upgrades for the data
link technology. Instead, Jamaica benefits from the shared investment in a common system
on a “pay as you go" basis, only paying for its small share of a large system. Thus, Jamaica
avoids the financial, schedule, and technical risk associated with technology that matures and
changes very quickly.

Jamaica is one example of a developing region where line of sight VHF communications can
be accomplished throughout the nation’s entire airspace. With VHF data link
communications, the added expense of satellite communications need not be required.

Navigation:

Conventional navigation systems have many limitations. Navigation radio beacons often are
expensive to install and maintain, have limited range, and cannot be installed in difficult
locations (e.g., deserts, oceans).

The CNS/ATM systems concept introduces satellite navigation as a universally available and
low cost navigation system. The ICAO Global Navigation Satellite System (GNSS) will
address most, if not all, of the institutional issues of such a system. In the near term, until
a full GNSS is implemented, the US Global Positioning System {GPS) is already available
for use as a GNSS system.

For en route navigation GPS can be used as-is. There are no user charges for receiving the
GPS signals.

For terminal area and approach navigation, augmentation of GPS may be required. Such
augmentation can likely be achieved at a cost well below the cost of conventional navigation
aids. A single runway Category I Instrument Landing System might cost $1M. A GPS
augmentation system, allowing Category I approaches at all ranways within 50 miles might
cost less than $500K.

In all cases where GNSS is used for navigation, the are almost no costs associated with
ongoing maintenance!
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One country to adopt satellite navigation is Fiji. GPS is the official navigation gystem
accepted by the government. At minimal cost they can start to reduce the maintenance
costs associgted with NDBs and VORs. Fiji calculates it will save $2M per year in avoided
NAVAID réplacement/maintenance costs.! ;

surveillance is achieved by several methods. Procedural airspace is addi'essed
by requiring pilots to make periodic position reports by voice communications. This is
prone to dejays in reporting and human error. Consequently, the separation of aircraft
required to pmaintain safety is relatively large. Radar airspace is addressed by requiring
participating aircraft to carry a transponder that willi allow an air traffic controiler to
monitor aircraft flight details on a radar screen. Higher reliability and reduction of human
error allows; much closer separation of aircraft while maintaining a high level of safety.
Both methods have relatively high costs.

Developing tegions cannot afford the cost of traditional; radar systems, especially when the
territory to be covered is large, the volume of air traffic is low, and the terrain is difficult
or impossible to access (e.g. mountains, deserts, oceans).

! C

With the improvements mentioned previously for communications by data link, :and
navigation using satellites or inertial systems, a totally néw method of surveillance bedomes
technically and economically feasible. Aircraft using satellite navigation have constant
access to very accurate position information. Aircraft using data link communications can
very quickly, accurately, and economically communicate position reports to air traffic control
authorities. Modest automation in aircraft can accomplish this position reporting
automatically, without intervention by either the pilot or the air traffic controller. This
method of automatic dependent surveillance (ADS) is another cornerstone of the ICAO
FANS CNS/ATM system concept. '

Air Traffic Management:

Conventiona] management of airspace is via a "contract” called a flight plan. . Safe
separation of traffic is assured by authorizing an aircraft to fly in specific airspace. All other
aircraft are Kept out of airspace reserved for other aircraft. Achieving safety in this way is
a non-efficient use of airspace. '

A more efficient means of managing airspace is by providing tools that ensure that aireraft
never get close to each other. With improved tools for monitoring the location and
intent of a;:'?aft, air traffic controllers can be automatically alerted if aircraft are likely to
get too closd to each other. Such as system will require the improved communications,
navigation, and surveillance mentioned previously, but it will also require some
computational capability for the air traffic controllers. In airspace with only modest
densities of traffic, a simple work station (e.g. a personal computer) with appropriate
software can accomplish this function. An ATM work station can display composite position

! Air Traffic Management, pg 31 (May/June 1995)
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information, including radar reports, ADS reports, and even transcribed voice position
reports. The same or an auxiliary work station can also be used to allow pilots and
controllers to communicate using data link.

In September 1995 a milestone was achieved in the Asia-Pacific Region with the first
FANS] flight over Far East Russia. In cooperation with Rosaeronavigatsia, ARINC has
installed a prototype ATM work station and VHF data link system at the Magadan Area
Control Center in Far East Russia in support of Magadan Aerocontrol. This system
provides Magadan’s air traffic controllers with a situation display showing aircraft positions.
The position reports are ADS reports constructed by the aircraft’s flight management
system, and delivered to Magadan ACC by ARINC’s GLOBALink satellite data link system,
or ARINC’s VHF ACARS data link ground station at Magadan, and using the ARINC Data
Network Service (ADNS) for international terrestrial communications. The work station
ensemble displays aircraft positions, aircraft data, and provides the controllers with the data
link messaging capability to use industry-standard defined text or free text.

4, The Airspace Users’ Perspective

Developing regions must cope with two distinctly different types of aircraft. Large, modern
aircraft from "developed” regions will have complex, modern avionics with full capabilities
for all the ICAO FANS CNS/ATM concepts. Aircraft that are older, smaller, or from
financially strapped operators will have conventional systems for communications,
navigation, and surveillance. Communications will be by voice; navigation will be by INS,
Loran-C, VOR, NDB, and ILS; surveillance will be by procedural voice position reporting,
primary radar, or secondary radar.

Many of the world’s largest international carriers have already made the investment
decisions to equip with avionics to accomplish data link communications, satellite
communications, satellite navigation, area navigation, and automatic dependant surveillance.

However, the cost of equipage can be high; $100K for VHF data link avionics, $500K for
satellite communications; $150K to upgrade an existing flight management system, or up to
$1M if the aircraft does not have an existing flight management system.

There are well over 5,000 aircraft in the world already equipped with VHF data link
avionics. These aircraft already have much of the avionics required to participate in the
airspace of the future.

For other aircraft there remain some attractive options.

Resulting from the large popularity in the US of general aviation and commuter aircraft,
there is a significant demand for a less expensive suite of avionics. With such a large
market demand it is economically feasible to develop, design, and build a modest avionics
set that is small in size, light in weight, low in cost, and still able to perform all the basic
functions required to operate in the airspace of the future.

One such implementation of this type of avionics is the CNS-12 produced by Magellan. This
unit is priced below $10,000, fits into the instrument panel in a cockpit, and includes VHF
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data link and GPS navigation; coupled together these two functions permit automatic
dependant surveillance. _ : : :

5. The | mmunications Service Providers’ Perspeciive

ICAO has identified the role of communications service providers as:
® Develop and install the necessary infrastructur
& Pafticipate in standards setting '

Be! involved in research, development, testing:and demonstration
® Cooperate with each other and with air traffi¢ services

Suites of systems, products and services for CNS/ATM can be a viable alternative to
developing in-country solutions. Each CAA can fully cistomize each system element to
~ achieve an implementation that fully addresses local neéds, but without the full technical
and financial irisk and investment associated with original development.

| S

Communicatipns:

ends that all routine communications should be achieved through data link
instead of voi¢e. ICAQ recommends that VHF voice should be complemented with satellite

Air/Ground VHF Data Link: To implement air/ground data link a CAA has
several options, including Mode S, VHF, and Satellite. While Mode S data link is still being
developed and implemented, the airline industry has been using VHF data link since 1977.
To keep costs at a minimum, functionality high, and risks low - a VHF data link solution
can be used. Once again, several alternatives exist. '

Use a commercial data link service with no changes

Use a commercial data link service, with in-country processing

Operate a joint-venture {CAA and commercial communications provider)
Buy a turn-key data link service ' '
Develop, build, and operate a data link service

1) Use a commercial service provider. Established VHF data link services; are
routinely used by airlines around the world. Airlines transmit data between airdraft
and ground systems reliably and economically. some states these systemsiare
being used to for early implementation of new CNS/ATM services, often as an
interim measure until the states’ own Mode S services are completed and ready for
use, The advantage is that airspace users can get immediate safety and financial
benefits. An example of this is the successful program implemented by Transport
Canada for delivery of oceanic clearances to east bound transatlantic flights. Oceanic
clearances from Gander are delivered to aircraft via two commercial data link
systems, operated by Air Canada and ARINC. Trials of this system were successful
and the trial has been continued as an operational service.
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2) Use a commercial service provider, with in-country processing: Some states have
asked commercial service providers to initially implement data link services using a
commercial network, but with the proviso that the system should ultimately be
controlled by a local in-country host processor. This minimizes the cost and time
taken for start-up, and as the use of the service grows it offers a greater degree of
control for the host CAA. As the CAA gains familiarity with using data link it will
develop expertise and benefits needed to support ongoing operation. Several states
are currently considering proposals such as this.

3) Operate a joint venture: One Caribbean nation, Jamaica, has chosen a variation
of the above by entering into a joint venture with a commercial service provider, with
a sharing of the revenues obtained from providing commercial data link services.
This provides the CAA with a large measire of control, without the burder of
owning or operating the data link system. This program has now been operating
successfully for two years, allowing the state of Jamaica to offer its own data link
service.

4) States with a requirement for ownership of data link services can request
communications service providers to offer a turn-key operation. This option allows
a state to acquire a fully functional system with no technical risk. States can make
various arrangements for initial or ongoing operation, and for maintenance and
upgrades to remain compatible with future changes in data link standards. One state
that has proceeded this way is Japan {AVICOM Japan Ltd.)

5) States with a self-sufficient capability to design, build, and implement their own
data link systems can choose from a wider variety of data link standards, although
it should be recognized that many airlines will need to maintain VHF data link
connectivity for airline communications needed to support CNS/ATM operations
when flying in countries who do not plan to implement Mode S data link.

Implementing Ground/Ground Communications: To put the required ground
communications in place, a CAA has several options. Today the AFTN provides some of
this functionality. However, for future system there will be higher requirements for
availability, integrity, transit time, and capacity. In "developed” countries, robust networks
are in place or are being implemented. In developing regions, the same capabilities can be
achieved by using the networks of communications service providers. Using a service
_provider, a CAA can avoid the need for dedicated resources and the capital investment
needed.

6. Conclusions and Recommendations

In developing regions it is possible to implement all the appropriate elements of ICAO’s
FANS CNS/ATM systems concept by taking advantage of the shared investment provided
by service providers.

VHF data link systems can be implemented to provide inexpensive air/ground data
communications for pilots, controllers, and the automation systems in aircraft and on the

ground,

- 129 -



GNSS navigation can be used en route with little or no augmentation; modest augmentation
systems can provide very cost-effective terminal area and approach navigation. GNSS can
allow decommissioning of conventional navaids,

Data link and GNSS can allow aircraft to participate in automatic dependent surveillance,
thus allowing full surveillance without the expense of installing radar,

Air traffic management can be improved by using ground jautomation tools, that may require
no more than a work station to allow an air traffic controller to be automatically warned of
potential aircraft conflicts. The same work station ¢an be used to allow pilots and
controllers to communicate via data link. :

Aircraft operators can equip older and smaller aircraft with avionics to perform data link,
satellite navigation, and automatic dependant surveillance in an inexpensive way.

Civil aviation authorities and aircraft operators in develaping regions are recommended to
begin implementation of these ground and aircraft systems immediately. By using a service
provider, can implement these systems inexpensively can avoid or minimize initial
capital investment and the technical risk normally associated with implementing new
technology. | :
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An Airlines View ot Airline Safety Management
Captain Colin Sharples, Director of Flight Safety, Britannia Airways.

Introduction

With the advent of reliable, turbine powered aircraft a degree of
complacency has probably developed within the Management of the
waorlds airlines.

Airline accidents within the Western world are now extremely rare.
However, when things do go wrong the consequences are dire, with the
' media requiring immediate explanations, and - after the formal
investigation - the lawyers demanding unlimited compensation.

Back in 1987 a Townsend Theoresen Roll on/Roll off passenger and
freight ferry capsized four minutes after leaving Zeebrugge harbour
bound for Dover. A tatal of 187 passengers and crew lost their lives.
The subsequent enquiry found ‘the Board of Directors did not appreciate
their responsibiiity for the safe management of their ships........... and
they must accept a heavy responsibility for their lamentable lack of
direction".’

In 1993 the Managing Director of an outdoor leisure company was jailed
by an Engtish Crown Court for 'failing to devise, institute, enforce and
maintain a safe system for the execution of an outdoor |eisure
activity'?

Of course airlines in the UK, and many other parts of the world, are
highly regulated and are frequently inspected by their civil aviation
authority so they must be safe and well managed. But is that so? Every
accident can be traced back to a chain of events, a chain that can be
proken by a number of people provided they recognise the potential
consequences of neglect.

Back in 1966 Britannia suffered its only fatal accident. A Bristol
Britannia crashed during an appreach to Ljubljana in Yugoslavia. The
cause was attributed to pilot error. The shock of that accident
reinforced our resolve to be a very safety conscious airline.

"Department of Transport Formal Investigation MV Herald of Free Enterprise pg. 14 & 15
I The Crawn v Peter Baylis Kite - Winchester Crown Court.,1993.
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Today, Britannia Airways is the largest charter airline in the world in
terms of passengers carried - 8 million in 19984 - and the second |
largest airline in the UK. Our 1996 fleet will consist of 18 x B757's, 8
x B767-200's and 4 x B767-300's which we will fly on a world-wide’
route system with an annual aircraft utilisation of 4500 hours per :
aircraft. |We require the highest standards from our pilots, cabin staff
and engineers. .

However we also recognise that more is required and this paper sets out
thoughts of how an Airline Safety Management system can be developed
for the future. :

Safety Management System

Perhaps the first thing for airline managers to do is to ensure that they
are all speaking the same language. Within all airiines there is ‘pilat.
speak’ and 'engineering speak' and effective communication can
sometimes be very difficult when these two groups meet. Just as a
very simple example the word 'visibility' has a totally different
meaning for a pilot, than for an engineer. A pilot thinks of visibility: as
a measurement of distance, whereas the engineer is talking about the
clarity and understanding of a procedure. Maybe the word 'audit' is
simpler but within our airiine | believe it has a multitude of meanings
depending on whether you are aircrew, engineering or administration.

: {
Once this small obstacle is over, the serious business of deciding what
a safety management system is can really begin. Described by the UK
Health and Safety Executive (HSE), it is composed of four elements: -

A safety case

Internal audit process

A deficiency rectification loop
A safely culture i
| | :
It could ?e argued that the industry already has a safety managemenit
system. The Operations Manual within an airfine must be one very
important product of a safety case. Arguably that safety case might not
have been developed in a formal manner, but generally the development
of the Operations Manual procedures does require an operator to
consider which parts of the operation are at risk and how best they can

W=
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be handled in order to operate the aircraft in as safe a manner as
possible.

It might also be thought the internal audit process aiready takes place
in the form of pilot base and line checks, and engineering internal audit
quality checks. The deficiency rectification locop is surely retraining a
pilot if he fails to achieve a sufficiently high standard in nis base or
line check.

Finally the safety culture must already be with us because pilots and
engineers don't willingly put themselves at risk. However, to believe
that simplistic approach would today be foolhardy.

Accidents in years gone by were so often blamed on 'pilot error’ with
the real culprit of neglect hiding behind this convenient banner.
However, with the social changes that have taken place over the past
ten years, this is no longer good enocugh. Investigative journalism and
the 'wiser public' have conspired to 'lift every stone' and identify the
people ultimately responsible for the way a company runs.

To my mind the most important of the four elements is 'a safety culture’
and I'd like to take a few moments to explain why. During the past year
we have had two flights land without the fasten seat belt signs being
illuminated, one flight take off without the seat belt sign being
illuminated and one aircraft land with cabin staff not being seated.
However, I'd argue that we are a very safety conscious airline and all
the crew members involved were bright and intelligent individuals, the
prablem, | believe, is a lack of safety awareness. During years of
intensive pilot and engineering training many actions become second
nature and we deveiop a situational awareness regarding safety. This
has io be continually topped up with safety related feedback but a solid
foundation is to be found in every professional pilot and engineer.

When we consider cabin staff we are dealing with crew members who
only have five to eight weeks initial training, a large proportion of
which is not concentrated on safety related issues. With time and
experience in the role a degree of safety awareness begins to form.
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A typical Airline operational profile of staff could be:

Pilots 430  17%
Cabin Staff 1430 56%
Engineers 690 27%
2550 100%
So 44% df operational staff | would argue are very safety aware
whereas 58% are only partially aware, and if we then consider the 1430
ar 56% in greater detail, we find:

16% No: 1's are very experienced and aware

30% No: 2's are reasonably experienced

28% permanent 3/4's becoming experienced and |
aware : ‘

26% are inexperienced and unaware.

The objective of airline management must be to ensure that from the
moment any member of staff but especially ¢cabin staff join an airline
they realise that safety is the Number One priority.

If safety awareness is stressed and promoted enough throughout an
Airline, it eventually becomes the cuiture and the risks fram the large
proportion| of inexperienced staff are reduced.

So let us \now look at each of the four elemerits in turn to see if we can
improve an our present situation.

A Safety [Culture
Remaoving! the jargon safety culture is about ﬁeop!e, people

understanding safety, people caring, taking responsibility and being
aware of safety.

The accobntabi[ity for safety must rest at th;e highest levetl within the
Company with the Chief Executive obviousiy being involved in setting
the tone and clearly specifying the level of gafety required.

There should be a reference to safety in a company's mission statement,

in fact it should be the number one statement. | believe that the very
minimum a Company should have to oversee |Safety is a flight safety
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committee that meets regularly, i.e.: every 4-6 weeks. At least one
board member shouid sit on the committee and | would suggest that
ideally this should be the Chief Executive, because at the end of the day
he is the accountable manager. All companies should have a flight
safety officer who sits on the flight safety committee and has direct.
access to the Chief Executive should he need it. A method of feedback
of safety related issues needs to be established so that all members of
the Company can learn from the misfortune of others.

Whereas the flight safety committee should be empowered to
investigate all in house incidents and accidents as well as reviewing
safety related material from external sources, it must ensure that
where problems are identified that the department respaonsibie for that
area have ownership and invoivement in carrying out the committee’s
racommendations; follow up action should rest with the appropriate
Director.

To establish a safety culture that is apparent to all the workforce
requires spending money. Perhaps one of the easiest ways to do this is
in aircraft maintenance. Aircraft Maintenance should not be reactive, it
shouid be preventive. Our business has been built on high utilisation -
as | already stated that is 4500 hour per aircraft with an average
sector length of 3.2 hours.

To achieve this level of utilisation requires a high degree of
serviceability and therefore preventive maintenance is vitai. With the
introduction of ETOPS into our flying in 1988 a decision was taken to
upgrade all line replaceable units (LRU's) to ETOPS standard, that is 45
LRU's per aircraft. The benefits of this are the enhanced procedures and
equipment standards demanded by ETOPS which give improved

reliability and safety. Arguably in the long run this extra maintenance
saves money, it also sends out a powerful message to the staff.

Maney should also be spent on safety related equipment. | am very
concerned to hear that there are still aircraft flying around without
Ground Proximity Warning Systems (GPWS). Traffic Collision Avoidance
System (TCAS) is the latest piece of safety equipment available. |f
Airline Managements are serious about safety, TCAS should be fitted
into their fleets now. Such investment in safety related eguipment,
especially when it is not mandatory, sends a clear message 1o internai
and external audiences that a company is serious about safety. Of course
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one cannot just buy safety "off the shelf” and any equipment must be
properly introduced and supported. Industry should lead the regulators.
Flight anaiysis equipment is now affordable due to the development of.
micro-compiiters. This is currently the only piece of equipment that
can actually tell us how safe our airlines are and Il come back to this
later in thelpaper. : i

Other examples where the culture can be established and visible are in
the efforts Epent by the Company in the training of all their staif.

The Pilot tr

ining department needs to encourage a training culture as
against a checking culture. Modern aircraft are highly compiex
especially in the non normal situation and the énly way for crews ta
become confident in dealing with them is in the simulator. Therefore, it
is vital that| simulator time is used in a realistic manner, for example
on Line Origntated Flight Training (LOFT) exerclses, and on practising
responses tp malfunctions on a rolling schedule.

The regulatory authorities may need to review :their requirements in ;
this area, t¢ move away from the box ticking certificate of test t¢c a
minimum time training that has to encompass the regulatory
requirements. Training staff may well have to be more judgmental
especially with the extension to the retirement age from 60 to 65 now
taking place in many parts of the world. They will need to be prepared
to remove from ilying duties any crew member who has difficulty in
maintaining an acceptable standard.

Crew training in it's most realistic form should be encouraged. Cockpit
Resource Management (CRM) courses for pilots have won universal
acclaim. The process must continue with integrated training for the
whole crew followed by the invoivement of engineers, dispatchers, etc.
No one knows which link will break the accident chain but it is vitai
that everyone knows they have the power.

QOn first inspection there could be no compelling reason to give training
to staff other than flight crew or engineering personnel. However the
vast majority of our accidents each year are ramp accidents caused by
either loading or catering trucks. Even though in our situation these
workers are employed by a third party, it is our responsibility to ensure
they are adequately trained. If they were exposed when recruited to a 2
or 3 day induction course which covered ramp éafety, personal safety
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and aircraft operational safety as it can be affected by his and related
staff activities, then | belisve a positive safety message would spread
amongst all the staff who work on or near to aircraft.

Within the UK the CAA is taking the issue of airside safety very
seriously. Guidance on airside safety management has been issued in
the form of CAP 642 which has been very well received by the industry.
Foilowing a very successful ramp safety seminar in November 1994, the
UK Flight Safety Committee are also progressing the matter through a
working group.

If we look at our own ramp damage statistics over the past 5 years it
could be said that they are fairly constant apart from 1994,

Bamp Darpage

Year Total Per 1 r
1990 6 10

1881 2 .04

1gg2 7 .14

1983 6 g2

1994 13 .34

It is ironic that 1994 was the year we phased out our small aircraft and
standardised on large aircraft and the increase in accidents reflects the
greater numbers of vehicles required for larger aircraft. However what
is not tcld by these statistics is the days out of service suifered by
these accidents. One incident alone caused the aircraft to be grounded
for 2 weeks.

| have used loading and catering trucks in this example because the
results are very apparent hoth in terms of damage and cost. However all
staff in the Company should have safety training. It will cost money but
it should be seen as an investment rather than an unnecessary overhead.

Above all there needs to be openness, honesty and trust between
management and staff. This can be established if a non disciplinary
approach is developed wherever possible when dealing with flight
safety issues.
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Again, removing the jargon, what we are talking about are procedures:
and procesgses. The Company's safety case shouid meet a number of

requirements. Firstly it should satisfy the reguiatery authority's ‘
requirements. Within the UK these are presently specified in the Air

Navigation Order, Civil Aviation Publication's and Joint Airworthiness
Requirements. (Figure 1).

A Safety Case
Regulatory Requirements:
ANO External Requirements
internal CompanySafety CAP 380 Manufacturers
Requirements JARS ATC
Other Qperators

1. ldentifying Risks/Requirements

2. Sestting Procedures to address

L

CompanyProcedures
Figur

In Europe with the forthcoming Joint Aviation Requirement known as!
JAR-OPS |1 we are all being required to re-write our operations manuals
in the desired format. This | would suggest i$ a good thing. Pilots afe
not generally the warlds best manual writers End in even a short perod
of time manuals become out of date with discrepancies and errors |
creeping in. JAR-OPS requires us to methodically write down ;
procedures and state individual responsibilities and accountabilities.
Clearly written manuals with the appropriate indexing and cross
referencing should immediately highlight inconsistencies between the
various divisions of a Company. The sheer act of completing this
administrative exercise should give clarity and understanding.

|
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Historically operators have considered themselves safe provided they
have met the minimum reguirements specified in the regulations. In
other words there exists a compliance culture. 'We must be safe since
we meet all CAA's requirements'. For the future a safety management
system will require the company to determine at board level safety
objectives as mentioned earlier . This higher level of safety objectives
will also need to be addressed during the production of the Operations
Manual.

Typi irlin M men m

Boerd Members

[

| Marketing  Parsonnel

l

Planning Financa

o~

Quality Engineering Fiight Safety Audit
Assurance Audit F?i.? tapes
i

BaserLing Checks

Policy Enginesring | Training  Chief Pilat  Cabin Services | Cps

Committees

Figure 2

In practical terms it is anticipated that a company would need a Policy
Committee chaired by a senior manager, reporting directly to the
Operations Director, and responsible for the safety case deliberations
and for developing company operating procedures which meet both the
regulatory as weil as the company's safety requirements. The end
result is the -Operations Manual for use by the flight operations crew
and all the various other procedural manuats that exist within an
airline. The Policy Committee should have inputs from all the senior

- 139 -



should be mware of the regulatory requirements, the safety objectivest
of the company, recommendations made by the Safety Committee, and be
aware of standards being achieved as a result: of feedback from training
courses, results from route checks, fleet audits and from Flight
Monitoring Bnd Analysis systems (see Figure 2).

fleet mana}ers and other senior managers of other departments, they

There comgs a point in any company's development where its size makes
it impracticable to have just one Policy Committee overseseing all the
requirements and procedures for that company. For the larger operators
it is envisaged that the Policy Committee would be split into a number
of separate| units, which deal with Flight Operations, Engineering and
- with Groungd operations. Other than having cross-fertilisation by
placing members of one committee onto other committees it will morq
importantly,; be necessary for the Managing Director to hold overall
accountability for the decisions made in each of those Poticy
Committees; as otherwise inter-divisional strife may develop.

Whereas for some time quality systems have existed amongst
maintenance organisations, self auditing in flight operations is
something new and will initially be seen as a threat. For the audit team
to have cregdibility it should consist of multi-skilled members who have
the desired|personal attributes and are respected by their peers.
Auditors should be thoraughly trained in the required skills. By being
objective, and taking a common sense view, the team will gain respect
and eventudlly be seen as an asset and not as an unnecessary evil.
{(Figure 3).

A rolling comprehensive audit programme should be developed based on
assessed risks and strategic need but the flexibility shouid be ‘
maintained to allow extra audits to be called for whenever procedures!
or systems change.

A_Defici Rectificati !
However, no audit is of value unless the corrective actions called for

are carried out. Deficiencies should be brought io the attention of the
appropriate manager and a realistic timescale . for the rectification
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Ground Audit Rectification Loop

1. Identifying Risks/Requirements
2. Setting Procedures to address

O

CompanyProcedures

Internal Audit TM

Identifies | _pm
4 Responsibte i Daficiencies :
Manager
Action Taken?
]
Figqure 3

should be agreed. This closing of the loop is vital and would be one of
the important roles of the Quality Manager, a position that will have to
be established under JAR-OPS requirements. A second loop should also
feed into the Policy commitiee in order to advise them of where
procedures have failed and to determine whether a change in the written
procedures is required.

Th irbor i
The process is fine as far as it goes but we can do more. An airtine can

have it's culture, procedures, audits and rectification loop but we are
dealing with an absent workforce who are flying expensive aeroplanes.
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Previously we have had no cost effective maans of knowing what safety

level is adtually being achi

eved once those aircraft become airborne,

except for| the smail number of training Captain route check reports.

interngl CompanySafety
%equirements

i
|
i
i

[ Internal Audit Team ]-\

Responsible
Manager

Action Taken?
S

Figure 4

1. ldentitying Risks/Requirements’
2. Setting Procedures to address

Reguiatory

Requirements:ANOCAP

360JARs Extarnal
RequirementsManufact
urarsATCOther
Cperators

O

CompanyProcedures

dentifies |l
Deficiencies

ldentifies Weakness
Risk Areas

!

' | Standardisation Process

- Route Checks
- Training Reports
- Flight Analysis

However, the technology is now available in micro computer form that

allows flights to be analyse

d in a cost effective manner. By means of a

quick access recorder (QAR), flight data information can be replayed
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through the micro computer and the flight profiles compared with the
ideal. By setting tolerances at important phases of flight, actual
performance can be measured, and a true picture of the airline's safety
can be assessed. Again, with a feedback system to the crews an
airborne audit system can be established. (Figure 4).

! believe this is currently the ultimate tool of airline safety
management and with trend analysis data available t¢ management and
crews, proactive steps can be taken to amend procedures or to address
deficiencies with improved training in order ta seek operating
standards of the highest order.

However, such tools need to be used and managed in a very responsible
manner. To remove suspicion amongst the crews the contact point
should ideally be a respected line pilot. We call him the pilots
representative aor 'honest broker'. He or she should analyse the QAR
tapes and tatk to the pilots concerned. Management need not become
involved unless the 'hanest broker' considers that the crew would
benefit from extra training. Transparent procedures must be in place to
ensure that management achieve all the benefits from the information
provided by Quick Access Recorders without causing suspicion or
antagonism amongst the operating crew. ! believe that by not using
union, training or management pilots in this role does develop the trust
of the pilots.

So to visualise simplistically what | have been talking about

1 We develop a safety culture for all our staff
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2 Ensure the safety case - ie: procedures are comprehensive
and complete. : :

3 Audit the safety case frequently from different
- perspectives.

4 Ensure the rectification loop is cofnpleted.'

thus achieving a virtuous Safety circle.
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Adoption of safety management systems by the airline industry is one
means to seek an improvement long term in the standards of operation
world-wide. There are cbvious benefits, Namely:

Benefits
. The responsibility for safety wiil rest with the most seniar
Airlines managers and cascade down.
. When individuals know they are responsible they are
thorough and conscientious.
. Regular audits will engender a continuous improvement ethic

within the organisation.
But also difficulties that will need to be addressed.

Disadvantages

. Some operators will do the minimum
. Initially many will be unwilling to invest money into safety

related training and systems - a carefully controlled
education programme will have to be developed.

. Many organisations in Europe will not have the resources
necessary until implementation of JAR-OPS is complete.

. Quick Access Recorder technology will not be available to
the smaller aircraft operations.

Conclusian

Over the past twenty years there has been a significant shift in
society's attitude to life. In the everyday matters of drinking, driving
and smoking, unbelievable changes have been made, are now accepted
and indeed expected.

Today Aviation incidents of even a minor nature generate letters to

senior airline executives copied to the CAA and the local MP.
Unsatisfactory responses are not accepted by our passengers.

- 145 -



Safety is iemanded and it is the responsibiiity of airlines Managers tg
deliver. The development of Airline Safety Management is required to
ensure saféty levels continue to improve. Everyone involved in the
airline bus:rt'less must reaiise that they have a part to play, because they
might be the link that can break the accident chain.
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rations, for fatigue contributes substantially to the likelihood of
¢ of this paper is to survey current research into the effects of fatigue
Mqt-lag and loss of sleep, to analyze strategies used to lessen its effects, and
ions of this research for the aviation community. | Bechuse fatigue is
problematic in Lﬁe aviation industry, aviation employees frequently self-

medicate, often with substances whose manufacturing quality and dosages ~——=—
are uncontrolled: *The general finding of research, however is that no physiological or

pharmacological measure substitutes for regular, timely sleep, which is tiologically set.

Sources of Fatigue

In human physiology, fatigue is a general disruption
of weil-being that has two sources: cumulative sieep loss
and disturbance of circadian rhythms (biological activity
measured in 24-hour cycles). The word “fatigue”
describes weariness, weakness, or sleepiness that pro-
duces a temporary loss of power (o respond (o stimulus or
stress. Sleepiness produces defects in decision-making,
vigilance, reaction time, memory, coordination, and
information - ing, all responses needed for timely
and appropriate tdgmenl and action in the aviation
environment.

An insufﬁdimcy of sleep that may be critical in the
aviation environment may have adverse effects in work
environments that do not rely so heavily upon split-
second judgment. Recent studies (Rosekind, Gander, et
al., 1994) indicate that obtaining even one hour less than
required sleep can affect waking levels of sieepiness.
There are degrees of sleepiness, and the greater the
cumulative sleepdebt, the more rapid and frequent are
intrusions of sleep (calied spontaneous episodes of sleep)
into wakefulness. Spontaneous episodes of sleep may be
very brief, perhaps only seconds, or they may be ex-
tended, lasting minutes (Rosekind, 1991). During sieep,
the sleeper “disengages perceptually from the external
environment, becoming unresponsive to outside informa-
tion” {(Rosekind, 1991). And so spontaneous episodes of
sleep, whether brief or extended, pose immediate danger
in the aviation environment, making impossible the acuity
or rapidity of judgment needed in routine operational
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seitings or during emergency.

Fatigue ensues from disruption of circadian rhythms
as well as'from loss of sleep. The term “circadien”
describes the body’s programming for daily cycles of
waking arid sleep, high and low body temperature, and
high and low digestive activity. Cycles of sleep-wakeful-
ness, motor activity, hormonal processes, and body
temperature peculiar 1o each person are biologidally set,
and so, fot example, if one is forced 0 stay awake during
the time nprmally allotted to sleep, the disruption of the
circadian ¢ycle will produce the effects of fatigue.

To perform with optimal
alertness, one needs bath a
sufficiency of sleep and
synchrony of sleep: enough
sleep at the right time.

For the aviation industry, the critical finding is that
no matter the source, cumulative sleep loss or disrupted
circadian thythms, the effects of fatigue remain aniformly
destructive: decreased alertness and reaction time and
impaired jodgment. Research findings indicate that in
order to perform with optimal alertness, one needs both a
sufficiency of sleep and synchrony of sleep: enough sleep
at the right time,
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in an article addressed to aviation management,

Dinges (1991) comprehensively sets out irreducible

principles concerning the relationship between sieep and

fatigue in aviation safety:

» The need for sleep appears to be biologically set; it is
not easily reduced for any sustained period of time, nor
can another activity (such as exercise) substitute for it.

+ The amount of sleep obtained will vary with the time of
day during which one attempts to sleep and with the
amount of accumulated sleep debt. Attempting o
sleep during one’s biological day {for example, after 2
night Aight) is usually more difficult than attempting to
sleep at the preferred circadian phase (during one’s
regular biological night) for sieep.

= Fatigue that originates in disruption of circadian
thythms degrades one's ability 1o sustain attention w a
task and slows reactions to key signals.

« Fatigue canses accidents. It is a major factor in
catastrophes in many industries, including commercial
and corporate aviation.

Strategies for Lessening Fatigue:
Physiological and Pharmacological

In the history of treatment of fatigue, one can
identify two major kinds of strategies for lessening
fatigue: physiological and pharmacological. Since
physiological mechanisms underlie fatigue, early research
in reducing fatigue focused on physiological countermea-
sures that sought to manage sleep, maximizing time and
hours of sleep and promoting circadian adjustment rather
than masking effects of sleep debt. These countermea-
sures are preventive rather than palliative.

Sieep comprises two stages. The first is NREM, for
non-rapid eye movement, and the second is called REM,
for rapid eye movement.  During NREM sleep, heart rate,
breathing, and other bodily processes slow. NREM sleep
is measured in four stages, with the deeper sleep ocour-
ring during stages 3 and 4. REM sleep, however, is
associated with an active, dreaming brain and with bursts
of rapid eye movements; during REM sleep, the major
motor muscles of the body are paralyzed."' Ower the course
of a typical night, NREM and REM sleep repeat a 90-
minute cycle, in which 60 minutes of NREM sleep are
foliowed by 30 minutes of REM sleep. Most deep sleep
(NREM sleep stages 3 and 4) occurs in the first third of
the night; REM periods are shorter early in the night and
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become longer later in the sleep period (Rosekind, INASA
Technical Memorandum, 1994).

Sleeping at the wrong time
may be as disruptive as
cumulative sleep loss.

Sleep researchers have found that if one is awak-
ened during deep sleep, one may take an extended tme to
wake up and may continue 1o feel groggy, perhaps
disoriented, for 10 to 15 minutes. This finding has
relevance for the timing and duration of naps, for during
flight operations that involve irregular work hours,
sleeping at the wrong Lime may be as disruptive as
cumulative sleep loss. Adapting to this finding, research
physiologists have sought to manage timing and hours of
sleep in order to maximize its benefits. The sirategies
below accommodate physiological realities of the sleep
cycle in order to conceal or delay sleepiness. They are 0
be used at home before a wip or during a layover.

» At home, one should fully rest before a trip 50 as not to
begin a schedule with a sleep debt, which will worsen
during the trip.

« During a trip, one should obtain as much sleep during a
layover as one would obiain during a normal sleep
cycle.

« If one feels sleepy and circumstances permit, one
should sleep: if one wakes spontanecusly and is unable
to returm to sleep within 15-30 minutes, one should get
out of bed.

- A nap can acutely improve n'zrmess. If one sleeps
immediately before a duty period, one should limit
sleep to 45 minutes or fewer so that sleep does not
reach the period of deep siecp. At other times, one
may nap longer. (A nap longer than two hours is likety
to take the sleeper through at least one NREM/REM
cycle.)

One should cbtain “anchor slecp™ during a portion of
layover. Anchor sleep is sleep during one’s usual
home sleep time.

« The sleep environment should be darkened, quiet, of
comionable iemperatare. Sleep surface should be
comforable,

+ One should exercise regularly but not 100 near bed-



time, for exercise is stimulating, and it is difficult to fall
asleep immedjately after exercise.

In addition|to physiological strategies, several
pharmacological agents that promise to lessen the effects
of fatigue have been studied extensively. These agents

are;
+ light, ;
s stimolants (ca#’[cine. amphetamines, modafinil);
* depressants (a,cohol, benzodiazepines, and
imidezopyridipes):
+ melatonin,
Of these, carrent-ins=rest in melatonin is greatest.

Light Light is an environmental
vondition that can be manipulated
10 act as a drug.(Research mto
the role of light in resetting
the intemnal clock arose
from the recognition that
light/dark cycles are the
; single most important
environmental cue for synchronizing the body's internal
clock o the carth's 24-hour cycle (Sack & Lewy, 1993). )
Research indicates that exposure to bright light produces
phase-shifting effects in humans, perhaps wricking the
body 10 believe that night is day. Beneficial effects of this
agent are temporary, for this strategy does not address the
underlying problam f cumulative sleep deb.
=timyilants. Ip-general, stimulants produce
i $uch serious side effects that their use as
countermeasures to fatigue should be
discouraged. The most commonly used

528N stimuiant is caffeine. Familiar and

B readily available, it is used world-
wide to enrhance performance and
’;, to alleviate effects of sieep loss.

Pmemmmen®® However, it has disadvantages.
Many persons develop a tolerance w its
stimulant effects and require ever larger doses to produce
wakefuiness, and larger doses are accompanied by anxiety
and remor and have been implicated in the development
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of cardiovascular disease.

Although amphetamines can counteract fatigue,
their unacceptable side effects are well known. Among
them are gardiovascular effects such as palpitations and
hypertension; central nervous system effects such as
restlessness, tremor, hyperactivity, irritability, insomnia,
and seizure; and gastrointestinal effects such asinauvsea,
vomiting, and cramps. With prolonged use, acute
rebound depression may ensure. Further, althoagh
amphetamines clearly produce wakefulness, it is an
agitated wakefulness that interferes with coordination and
judgment, not a reliabie, productive wakefulness.

The stimulant modafinil enhances alermegs in
persons deprived of sleep without producing thg destruc-
tive side effects of amphetamines. Originally sﬂxdied asa
treatment for sleep disorders and alcoholic braid syn-
drome, modafinil works by adrenergic (resembling
adrenaline) action. It has been shown to improve daytime
vigilance while not interfering with nocturmnai sleep.
However, its role in the regulation of the circadian cycle
is unclear, as are long-term cffeets.

Deproseants Depres-
sants are substarices that
have a sedative action.

I They include alcghol,

benzodiazepines (hypnotics
intended to relieve anxiety), and
imidezopyridines (hypnotics thatiinduce
sleep). Depressants calm anxiety and
induce sleep; however, they also suppress
mental alenness, and for this reason their use is ﬂiscour-
aged among employees in 24-hour operations who must
maintain vigilant alertness. In their correct action, they
produce the selfsame effects of fatigue that cause acci-
dents in thé workplace.

Alcoihol produces drunkenness as well as after-
effects that severely impair performance. In anyt use, it
reduces the capability of the brain to use oxyger, impair-
ing the ability to process information quickly. And
instead of productively regulating sleep it acmally reduces
the quality jof sleep. :

The benzodiazepines (Restoril and Halciow are
familiar brand names) are hypnotics that depress the
central nervous system 10 produce drowsiness. Tlmy are
prescribed to relive insomnia, to treat panic attack, to
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suppress convuisions, and o reduce anxiety, Shaft
workers and flight personnel frequently use these agents
to produce sleep. The disappointing finding, however, is
that they produce sleep but at intolerable cost, for they
induce memory loss, rebound insomnia, impaired
coordination, and confusiondthe very deficits of perfor-
mance produced by fatigne.

Zolpidem (Ambien) is an imidezopyridine, 2
hypnotic that produces weaker anti-convulsant effects and
weaker muscle relaxant activity than the benzodiazepines
but preserves the deep slecp stages in humans. This fact
is important, for it is the deep sleep that is the restorative
phase of sleep necessary for the maintenance of many
bodily processes, However, this drug can produce
memory loss if one wakes up before the effect of the
medicine is gone. Other adverse effects may include
rebound insomnia, dependence on the drug, and with-
drawal symptoms. o

;’Eﬂatonl@ the first falling of
darkness; the pineal gland begins to
secrete melatonin. “[M)elatonin is
essentially a “dark signal”
and...melatonin administra-
tion can “trick the brain™
into thinking it is nighttime™
(Sack & Lewy, 1993). Among
sleep researchers, it is hoped that melato-
nin might alleviate winter depression and other major
affective (emotional} disorders that are related to
asynchrony of the body with the dark/light cycle. Cur-
renuy,f:it is believed that controiled oral administration of
melatonin can alieviate symptoms of jet-lag and fatigue
and help the body readjust when shift work or travel
through multiple time zones has disrupted the sleep cycle. )
Recent research finds that meiatonin may strengthen
the immupe systemn and retard aging. Within the past six
months, preliminary results in studies of melatonin have
suggested that melatonin may delay age-related degenera-

tive diseases and perhaps even prevent cancer, causing
sales of melatonin 1o skyrocket. Early findings indicate
that minute doses of melatonin (one-tenth of one milli-
gram) may promote sleep, but consumers who are hoping
to benefit from its advertised ability 1o increase longevity
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are taking it in megadoses. At present, melatonin is
availabie in over-the-counter packaging of uncertain
dosage and uncontrelled manufacturing quality. Accord-
ing to a recent report, researchers analyzed a substance
sold by a health food store as melatonin and found that
the primary substance was rat dung. A controlled study of
sleep, mood, and behavior among police officers working
successive night shifts indicates that melatonin does
improve sleep and increase aleriness during working
hours; however, memory scanning speed and perception
of mena! load are adversely affected. Until further
controlled studies vield definitive information and until
guality of manufacturing is regulated, consumers should
avoid self-medication with over-the-counter formulations
of melatonin, no matier how enthusiastically the media
portray its benefits.

implication for the Commercial Aviation
Community

The relationship between sleep loss and disrupted
circadian cycles and fatigue is a complex one. The
consistent finding of sleep research that sleep must be
preserved makes it clear that points of entry into the
problem of fatigue must tzke into account this irreducible
condition. The way to accommodate this condition and to
manage operational task and environment at the same
time is to design duty schedules in order to manage duty
hours. One might well accept as axiomatic the inference
of Nicholson and Stone (1987) i this matter: {“Arrange-
ment of the hours of duty provides the foundation of
effective management.” J

What this means is that careful consideration must
be given to the interaction of length of duty and tme of
day. Since the irreducible condition that sleep must be
preserved does not change, schedulers must manipulate
operational tasks and environmental factors in promoting
restedness and alermess{ Pharmacological intervention
can temporarily trick the body into wakefulness, but the
drugs intended w avert or control fatigue produce the
same deficits of behavior of farigue that they were
designed to manage and some dangerous side effects as
well,
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DETERMINATION OF MAINTENANCE PROGRAM,
DESIGN AND JUSTIFICATION OF REPAIRS FOR
PRIMARY COMPOSITE STRUCTURES

by Alain TROPIS
Composite structures, Stress Department
AEROSPATIALE

ABSTRACT :

The introduction into service of primary composite structure led Aérospatiale to
develop improved method for the determination of maintenance program and for
design and justification of repairs.

This paper presents :

- the requirements concerning the definition and substantiation of the inspection
program for composite structures and Aérospatiale associated probabilistic method
used for the ATR72 outer wing. In this method, accidental damages are considered
in relation not only with the static strength reduction of the element consecutive to
this damage, but also with its probability of occurence and its probability of
detection. Thus, the inspection program can be determined in order to limit the
probability of failure to a value lower than 102 per flight hour.

- the repair processes developped for monolithic primary structures which fulfill
Airworthiness requirements that is, reestablish the structural integrity of the .
component which, in addition to required mechanical strength, protection against
corrosion and lightning strikes, must be achievable by the airlines in typical

maintenance conditions.
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The| ATR72 s the first civil transport aircraft of such a size, equipped in its basic

meth:od developped in 1989 for the certification of the outer wing of the ATR72
(reference 1) allows to define the inspection program and to determine the residual
strength to be demonstrated in case of a visible impact damage .

Furthermore, its entry into service in 1989 led Aerdspatiale to develop, with the
ATR preduct support, repair procedures fo the carbon primary structure that met th@
regulatory requirements and could be performed by the airlines in typical maintenace
conditions. :

Multitension bolts
through piano
fitting

Figure 1 : ATR72 outer wing box
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I-D ATION OF MAINTENANCE PROGRAM
I-1 S

AC20.107A and ACJ 25603 in paragraph 6.2.4 requires :

“An inspection program should be developed consisting of frequency, extent, and
methods of inspection for inclusion in the maintenance plan. Inspection intervals
should be established such that the damage will be detected between the time it
becomes detectable and the time at which the extent of damages reaches the limit for
required residual strength capability. For the case of no-growth concept, inspection
intervals should be established as part of the maintenance programme. In selecting
such intervals the residual strength level associated with the assumed damage should
be considered”.

The reason of this requirement is well explained in reference 2 document. In fact, if no
damage propagates and if its size never reachs a critical size, the damage tolerance
assumption is always met. However the figure 2 (issued from reference 2) shows that
with such an assumption the composite structure without particular inspection interval
analysis should be less safe than metallic ones.

Possible long duration far below UL

Strength Composite
under impact Short duration below UL
Metallic

UL |—under fatigue

N\

Damage detection and repair
to restore UL carrying capability
Tim&

LL

Figure 2 : Damage tolerance philosophy

To perform this analysis, three sources of damages should be taken into account -
- fatigue
- corrosion

- accidental damage
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For fatigne damage, even if composite materials with thermoset resin system are
insensitive to fatigue (for in plane siresses and spectrum representative of a civil
airerift), a substantiation by a full-scale test is required particularly in Europe to
demonstrate that with the selected design, the structiire does not contain any
"peryerse design defect” i.e design details which, aséociaied with sélected materials
would favour the development of fatigne damage. I case of previous experierce
with the same design and the same level of strain, the substantiation can be made by
analys1s and comparison with the previously substantiated element.

For corrosion, if special care has been taken during design to prevent galvanic
corrosion, this kind of damage does not need special inspection task.

Remain only accidental damage such as low velocitylimpacts that can occur and
induce a reduction of the structure strength capability during the aircraft life. To
determine the inspection interval, accidental damages have to be considered in 7
relatipn not only with the static strength reduction of the element consecutive to this |
darnafge, but also with its probability of occurrence (for example the upper skin has 7
not the same probability of tool drop occurrence than the lower skin) .

This approach induces the knowledge of the probablhty of occurrence of each

accidental damage source.

Two main approaches are then workable :

- one, agreed by the Airworthiness Authorities, with a classification of the
probability of occurrence of damages associated with the inspection interval and the
level of load to be sustained.

DAMAGE PROBABILITY OF DETECTION LEVEL OFLOAD
OCCURENCE TOBE
/FLIGHT HOURS : SUBSTANTIATED
Non visible up to 1 NO I Ultimate loads
barely visible impact ;
damage
Visible impact damage 10-5<p<l During k x Limit loads
‘ 1C/2C14-5 years I<k<l1,5
inspection
Obvious damage p< 1073 Prior to thenext >0,7 Limit loads
flight :
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- the second approach, developed by Aerospatiale for the ATR72 outer wing box
certification in 1989 (in accordance with Airworthiness Authorities who require
"a probabilistic approach for the definition of the inspection program..”), is a
probabilistic analysis for which the failure probability (allowable value equal to 102
per flight hour} is the probability of the aircraft to encounter loads exceeding the
residual strength capability of the darmaged structure.

I1- 2 HYPOTHESES AND PRINCIPLE OF AEROSPATIALE METHOD

The hypotheses and the mathematical principle of Aerospatiale method are
- The damages are the results of impact occuring during the aircraft use and
maintenance operations ;
- According to the material used, the fatigue load level and the design, ne propagation
of damage (manufacturing or accidental damages) is contemplated ;
- The risk of failure is a function of (cf sheet 1) :

* The probability of occurence of a damage size “at" (Pat)

* The probability to encounter a load exceeding the residual strength capability with
this damage size "at” (Pr at)

* The probability to detect the damage (Pd at)
This function is calculated with all the values of the distribution

j Pat x Prat x (1 - Pdat)

- The methods and intervals of inspection are selected in order to
limnit this probability of failure to a value lower than 10-9 per flight
hour {(by cumulating all the damages types considered in the
analysis)

Each part of this risk formula are now being detailed.

IT - 2 - 1 Probability of occurence of a damage of size "at” : Pat

The determination of this probability is the main difficulty of this study because of the
lack of data. The Aerospatiale method is based on an approach propoesed by
SIKORSKY (reference 3).

In this document, probabilities of occurence of damages have been defined for an
helicopter considering that the impacts are the results of in service or maintenance
actions.

In the Sikorsky siudy, these probabilities are defined as a function of :
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- the exposure rate : i.e. in case of maintenance impact : exposure rate = maintenance
mtenvai! 10,000 flight hours;

- the| impact/exposure ratio i.e. the sen51b1hy of an area to a source of damage. Four:
families have been defined :

* low risk rate = 1 impact for lbO exposures
* moderate risk rate = 1 impact for 5[} exposures
* moderately high risk rate = | impact for 25 exposures
* high risk fate = 1 impact for 10 exposures

- the \damage severity i.e. the energy and its associated probability.

Elcven impact hazards have been selected { cf sheet 2) such as dropped tool impact,
foot traffic impact, edge and comer impact (dropped pannel, etc...

For each source of damage, a maximum energy leve] that should not be exceeded in
99% of the cases (Egg ) has been estimated according to realistic incident in service.
Two others hypotheses have been made by Sikorsky : '
- the distribution of impact energy is assumed to be a log normal law ;

- The energy E; of an impact that will be exceeded in 99% of the cases is assumed to
be 10% Egg (energy exceeded in 1% of the case).

Acrospatiale application of this study has been the following:

The previously described analysis is specific for the type of aircraft, the concerned pm
(fuselage, wing,..) and to the in service/maintenance actions planned.

So, a specific analysis has to be performed for each new component with the Product
Support, in order to define a “"remote event" . By analogy with the system failure rate,
this damage is assumed to have a probability {(including the impact/exposure rate) of !
10-3 per flight hour (frontier between reasonably probable and remote).

For exemple, for the ATR72 outer wing (reference 5) four impact hazards have been
selected, tool drop, removabie element drop, man onlthe wing and impact to a corner
or an edge due to maintenance equipment. i

fine the statistical law of these events, a constant standard deviation (O,Zl?-baséd
on th Slkorsky hypothesis) has been choosen.
Since‘the aim is to determine the probability of occurence of a size of damage rather -
than of an energy, the relationship between the energy level (E) and the associated
damage size (Sd) has been defined with conservative assumptions. This has been

obtained through tests, at various levels from coupons up to the full scale specimen,
with considerations like thickness (t), rib, stiffener pitches (a, b), modulus (E), etc.., .
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Sd=f(E,t,a,b)

These tests have also allowed to relate the damage size (and the energy) to an
associated indentation parameter (f) (relevant parameter for the detectability of the
damage)

f=g(E 1 ab)

H - 2 - 2 Probability of occurence of a load level higher than the residual strength
capability of the structure with a damage "at”

* Residuat strength/damage size relationship

Tests have been performed on coupons, elementary specimens and integrally stiffened
panels in order to define the curve "B value compressive strain versus delaminated

area
£ = f (delaminated area)

From tests performed in compression/shear and pure shear, a curve has been plotted
and allows to define a coefficient applied to the pure compression characteristics in -
order to sirmulate the realistic behaviour of compression/shear residual strength versus

the delamination size.

* Probability of occurence of a load jevel

For gusts, the probability of having limit loads is 2.10-5 per flight hour (fh).
The probability of having ultimate loads is 2.10-%fh .

On the basis of these 2 values, a law of probability of occurence of a load level per
flight has been defined by its mean value and its standard deviation.

By combination of the above informations, knowing the size of a damage "at", the

probability of a load higher than the residual strength capability of the inspected
structure can be defined : Prat.
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- 2 - 3 Probability to detect a damage of a sjze "at” : Pdat

Foizomposite structures, Aérospatiale elected not to use complex non destructive
testing method, so the 3 considered methods of inspection are :

VALUE OF DETECTABLE
INDENTATION
Inspection method Mean value "A®" value
Visual _ = panel thickness
(zit a distance of 2 meters) 2 mm
- External detajled visual _
{at around 0,5 meterona [ 0,3 mm ** 0,5 mm
cleaned structure)
Internal detailed visual
{inspection during panel 0,1 mm*** 0,2 mm
remnoval)

These values and the statistical distribution have been defined on the basis of
experimental evidence and with the use of a high safety factor (for the external detailed
inspection, tests have been performed with 13 operﬁtors, 82 panels painted or not and
120!impacts of different indentation - reference 4).

Ngge :

* 4 value : value with a probability of 99% and a confidence of 95%

** [f)ue to the evolution of dent depth during the aircraft life due to ageing, fatigue
loading, viscoelasticity of the resin, the initial dent depth at the time of impact for the
materials used by Aérospatiale must be 1 mm to get'0,3 mm at the end of the aircraft
life. ;

*#% Internal detection is linked to fiber breakage on the inner side of the impacted
panel
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II- 3 APPLICATION TO THE ATR72 QUTER WING (reference 5)

Different areas of the wing have been defined in order to perform a specific analysis of
nisk of failure for each area damaged by an impact. This sharing allows to have
different parameters between areas such as ultimate strain, inspection methods and

intervals, probability of occurence of the damage, etc...

For the ATR72 outer wing, the upper panel is divided in 3 areas, the lower one in

2 areas at the front and the rear spars.

The risk obtained in each zone for one type of hazard is added to the ones obtained for
the other hazards in order to define an overall risk for the structure.

The failure risk for one source of damage has the following general form :

m=1

hes ERL
Ptailure = Pat x Prat x 3 f(1- Pdat It) dt

Acp
T T 7
Summation along ~ Probability  Inspection intervals
various damage to not detect  along the Economic

sizes contributing the damage Repair life
to the risk

Applied for example to ATR72 outer wing upper skin this lead to the following
inspection programm (only based on visual inspection) and risk associated :

Rapid visual | External detailed | Internal detailed
ZIE 1250 fh 3000 fh 16 000 fh
ZE 1250 th 8000 fh 16 000 fh
Z3E 2000 th 16 000 fh !
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Zig
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Z2g

Rib13 14 24 31
nsidering tool drop, drop of removable parts, foot traffic impact and maintenance

component impact, the cumulated risk of failure in area Z1E which is the most critical
of the ATR72 outer wing is 1.35.10-10 per flight hour which is lower than the required
lejvel of 1.10-%1fh. This demonstrate that the methods and i inspection intervals def'med

)

Npte
Al

acceptable.
ote : Due to the Jack of data on the different scenario of impacts, Aiworthiness
uthorities have required to increase the mean energy value and its probability by .a

caefficient 2 to determine its sensitivity on the cumulated risk of failure and hence:the
"permissible error” on this data.

Il - 4 - DETERMINATION OF THE LOAD LEVEL TO BE SUSTAINED BY"['H'E

UCTURE GE A VISIB D

On an other hand, the load level to be substantiated with a V.LD (Visible Impact
Damage) could be obtained through a special use of this probabilistic method as
follow :

- Identification of the critical zone for the visible impact damage, i.e most critical area
of the panel which could be perforated in the range of the energy considered (E
maximum equal to cut-off energy). :

- Calculation of the cumulative risk obtained in this area taking into account the
methods of inspections and the inspection interval

- The risk is then "brought back™ to the objecnv:lralue (Prisk object = 10-%/fh) by

modification of Prat.
Ag it has been defined above :
Re =Pat x Prat x f (1 - Pdat)
with
Pat - : Probability of occurence of a damage At
Pdat  : Probability to detect the damage At
Prat :  Probability of occurence of load higher than the residual strength with a
damage "at"
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Pat is fixed by the considered part and its defined damage scenari, Pdat by the method
and inspection program. Hence it will be Prat value that will allow to increase the
failure risk.

The following relation can be written :

pk/Robj = Py 1 /Re
with :
Pk = probability to have a load jevel equaltok x L.L
R obj = objective risk = 10-9/fh
Pyy1= probability of having ultimate load = 10-9/th
Re = calculated risk for the considered area (Re < 1 X 10-9/fh)

This formula defines the relation between the risk obtained in the area damaged by a

visible impact damage and the load level to be sustained. The results are shown in the
figure 3, L6 m

|

1,8

| “ l

1

i h
0.1 - ; i

JE-08 1E-09% lE-1C 1E-12 12-12 1L-13 1E-34 LE-18

Re
Figure 3 : Level of load to be substantiated with a V.I1.D,
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For example for a calculated risk of 2 x 10! per flight hour, the level to be sustained
wir‘ a visible impact damage (V.1.D) is 1.30 Limit load.,

Thé entry into service of monolithic primary structure which acts as fuel tank, such
as the ATR72 outer wing in 1989, led Aérospatiale to define repairs that meet the
regulatory requirements, i.e reestablish the structural integrity of the repaired
component in terms of mechanical strength, protection against corrosion and
lightning strikes,and that must be achievable in typical maintenance conditions.

The following pﬁnciple was therefore applied :

Damage with residuval|” etic” repair :
strength greater or equal | - sealing (resin),

thap uliimate loads - bonded wet lay-up repair.

* Damage to skin :

Damage with residual| - temporary repair by bolted metalic plate ;

strength lower than| - definitive repair by riveted carbon patches.

ultimate loads * Damage to skin + stiffener :

- dual-face doubler nfaade of aluminium sheet, This
repair imposing panel ?rcmova.l is outside the scope of

the Structural Repair Manual

This document will therefore deal with the strucrural repairs included in the ATR72
Structural Repair Manual, and their justification by means of corrosion, lightning
strike and mechanical tests and calculations.

I - | CORROSION

In order to define a corrosion-proof repair principle, various types of doubler
(aluminium, stainless steel, carbon) associated with several protection methods
(glass fabric, alodine, bronze mesh, painting, etc...) were tested on detail
specimens subjected to salt spray tests and natural ‘adverse weather conditions in an
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urban environment. In addition, an electrical bonding check was conducted between
the repair and the basic carbon panel for all configurations tested.

On the basis of these findings, two structural repair principles were selected :

- for temporary repair, the solution consists of a light alloy doubler
protected by alodine . This definition allows to have an acceptable compromize
between correct electrical bonding and protection of the metal against galvanic
corTosion.

- for definitive repair, a solution consisting of riveted precured carbon
patches was chosen, As, in this case, the material of the original panel and the
doubler are the same, there will be no galvanic coupling problems.

I - 2 LIGHTNING

Justification tests on the lightning behaviour of the repair principles, both cosmetic
(wet lay-up) and structural (solutions within and outside the scope of the Strucnural
Repair Manual), were conducted on a test box structure representative of the ATR72
outer wing thus allowing a realistic assessment of the damage and the sparking
associated with the lightning stike to be obtained.

The tests were conducted in compliance with the regulatory requirements of
Advisory Circular AC20.53 A dated 12.04.85 and a complete check was performed
during and after lightning strike.

The fuel area repair solutions selected subsequent 10 the corrosion tests (anodized
aluminium alloy doubler with inserted bronze mesh, carbon modules covered by
bronze mesh) use exterior doublers attached to the wing box panel by blind rivets.
Although the rivet tails are not protected, the results demonstrate the validity of the
principles retained to the direct and indirect effects of lightning as no sparking or

damage to the repairs or the panels occured.

II - 3 CALCULATION METHOD

The mechanical validation of the structura) repair solutions retained was achieved
via tests on subassemblies with the aim of validating the chosen calculation methods
then by making two tvpical repairs on the fatigue and damage tolerance test wing,
one temporary (metalic doubler), the other definitive (precured carbon module
doubler cf figure 4) as described in the Structural Repair Manual.
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On the periphery of doubler. Wat inataliation ot
Application of & bead of PR 14228 (® -+ | laskenwes with PR 14224 (24)

e e ey L revern

';m_'ﬂ_,__._
X paint 1o be removed }

Figure 4 : Definitive repair by precured carbon modules
m-3- ation

In order to meet the dimensioning criteria for a wing-type primary structure bolted
repair, the calculation method developed and pmgraimmed on the microcomputer
allokvs : :
- the mechanical loads passing through each repair fastener and, therefore,
the doubler, to be determined considering the normal load and shear load
contributions and, for metallic repair cases, the thermal effects ;

- the mechanical strength of the wing panel and the repair to be calculated i
(strength a fastener holes and bearing strength} ; 3

- the shear strength of the rivets to be checked ;

- the strain at location of damage after repéir o be determined ;

- the buckling strength of the structure thus repaired to be determined taking
possible local buckling of the panel, variations in rifgidity and offset of the neutral line

due to the repair, into account ;
and therefore to validate the repair by finding the minimum margin after repair.

Mechanical tests on sub-components (integraﬂy-sﬁffened panels) were conducted in
tension and compression. This specimens were tested under the following
conditons :

- a wet aging phase,

- ondulating fatigue,

- a residual test at hot temperature.
Compariscn between the test resuts and the values forecast by calculations validates
the anaiytical program. This program was used to determine the rupture mode and
the failure level. Also, these tests validate the definition of the principles selected
both for the temporary repairs and for the definitive repairs .
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Furthermore, a fatigue-damage tolerance justification test was conducted on a
complete outer wing with damages and repairs corresponding to those identified in
the Structural Repair Manual.

All these tests on the fatigne-damage tolerance test wing were conducted without the
least incident with good correlation between calculations and tests justifying, in
addition to the subassembly test approach, the validity of the selected repair
principles and the analytical microcomputer calculation program developed.

IV-STR REP AL

For the Structural Repair Manual, the approach consisted in making the type of
repairs as consistent as possible so that each type of repair was applicable to the
greatest possible number of wing areas. This led to the mapping of the wing
defining the repair to be applied for a family of areas and size of damage. (Figures 5
and 6).

e
Ak

yRerw SUAPAET L L
e SURFSLE LE.
OwCE SUMFAGL Tk

SLEnoN
B-B

Ly 11 T
1047 (n;’)’j 12471

wol 3 Koya are [ 24 .

0 t—— e e 10!

- b j(o.mady

A >

UG R "]
A

r

e & B|ie S

! ]
Tonaraan \

e g"’":—m-z‘_n; |
i T'-—-G'
D osnat |8
K
A
. i &
s — I i
s s «e e eune & Eig
A H i‘ ‘|‘|l} ‘:‘IE Ef-a
e & & B8 & %
.9 v
UL Y B '
V337
~c‘ﬂ‘“ eSiONL © Lo T
;:t TUEETS 1 D 3 FOR ARNLCITON FIELD FIXES GANEL b 3= jammidddsin.
Damall Tha(i.007 SIMOYARLE PanL W, julBmmid ‘D .}

Figure 3: Definition of "D5" repair for damage of diameter
lower than or equal to 1 inch

- 167 -



£ a

& °1

-

- —hﬂ.ﬂ.h..—&
e o e e e e e A g

DEsemssssss

———————————

R4 m)

i
e

AN
]
i
)

|||||||||||

MPTE : USPER SURFACE SwiM
- DIMENSIONS : rm (in.]

APPLICATION FIELD
8 ODAMAGE 25.4{1.00}

- m ATRTZ - STRUCTURAL REPAIR MAMUAL'

2 |z
-2
E et 3
- Ela
ogrE_** -
o ==t —
= -

B8 | Fixen pangL
Q.17
Ee ;i
; 4

APPLICABLE BETWEEH M 14 AN
Ri8 15 DAfum l I
+
+

T

HE 4 A8 DATUM

“s
a ]
EETTR I o
¢¥,I_‘ - 22
=08 4 2 -
-
=g 7]
=¥V
ot
sy g 5
i = L
-E o >
[ a oz
oy o ae 34
wis M laxm W
¢ C SEE X
. =R
25 =0 o B
g8~ of o
gEllS i I}
=-—r LR
a
o 3
z'c
a

230 A1 4] n27 R2E LFE] R4

LA}

ekt LU T

O EGS L e

Figure 6 : "D5" repair application areas for upper panel

168 -



V- CONCILUSION

The entrv intn revenue service of the ATR72 in 1989 with a composite outer wing
led Aerospatiale to develop improved method for the determination of maintenance
program and for design and justification of the repairs.

The maintenance program method developped in 1989 for the certification of the
CFRP outer wing of the ATR72 and used for the A330/A340 ailerons and landing gear
doors allows to define the inspection program and to determine the residual strength to
be demonstrated in case of a visible impact damage.

This approach is a probabilistic one, in accordance with Ajirworthiness Authorites
requirement, for which the failure probability (allowable value equal to 10-9 per flight
hour) is the probability for the aircraft to encounter loads exceeding the residual
strength capability of the damaged structure.

Furthermore, repair principles have been defined meeting ﬂwpthf the regulatory
requirements in terms of lightning, corrosion and mechanical strength, g_nd the
requests made by the airlines to perform the repairs under tvpical maintenance
conditions without inducing specific difficulties due to the introduction of a carbon

primary structure.
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Introduction

While human error has existed since the beginning of mankind, only in the last 50 years has it baen the
subject of scientific inquiry. Concerns during and immedialely following World War 1 regarding errors in
human performance related to, among other 1hings, pilot selection’ and training, information presentation and
related control action, vigilance, and workspace arrangement senved as the basis for the first studies in the
field that was eventually called human factors. For example, Fitts and Jones (1947) examined 460 pilot error
incidents for the Air Force. More recently, Singleton (1973) discussed theoretical approaches to examining
human error.

However, major interest in the concept of human error began following the Three Mile Island (TMI) nuclear
power plant accident in the spring of 1979. According to Woods et al. (1985), the cross-disciplinary national
and intemational scrutiny of human error began with the "clambake” conference on human error in Columbia
Falls, Maine, in 1980 and with the publications on slips and lapses by Norman {1881) and Reason and
Mycielska (1982). In addition, work in the area of human reliability, for example, by Swain and Guttman
(1983) and Swain (1987), began in the late 1970s and accelerated following TMI (see Gertman and
Biackman, 1994). More recently, human error has been evaluated as to its relationship with commercial
aircraft accidents (see Boeing, 1993). :

Swain and Guttman (1983) define human error as "any member of a set of human actions that exceeds some
limit of acceptabiity (page 2-7).* Similarly, Lorenzo (1990) defines human error as "any human actioh (or lack
thereof) that exceeds the tolerances defined by the system with which the human interacts (page 3)."! Reason
{1990) says that ~Error will be taken as a generic term 1o encompass all those occasions in which ai planned
sequence of mental or physical activities fails to achieve its intended outcome, and whaen thesq failures
cannot be atiributed to the intervention of some chance agency.* For purposes of siudying maistenance
human error, we have defined maintenance arror as an unexpecied aircraft discrepancy (physical degradation
or failure) attributable to, or faciiated by, the actions of an aircrafi maintenance techniclan (Grasber and
Marx, 1983).

Much of the work on human error since 1970 has focused on eslimating the costs of human error, estimating
the contribution ¢f human error to accidents/incidents, cataloging types of human error, analyzing the factors
that lead 1o errorg, and developing strategies to prevent human error or minimize 1he effects of human error.

For example, in 1992, the United Kingdom Civil Aviation Authcrrtyl {UK CAA, 1992) released a study-on the
top eight maintenance problems affecting aircraft over 5,700 kg. in weight. These problems were:

incorrect installation of components

The fitting of wrong pans

Electrical wiring discrepancies .

Loose objects (iools, elc.} left in the aircrait

. Inadequate lubrication

Cowlings, access panels, and fairings not securad

. Fuelfoil caps and refuel panels not secured

Landing gear ground lock pins not removed before depariure

PNOU A LN

A more recent Boeing (1995) report, which analyzed in great detaii the relationship of maintenanca error to.
aircraft accidents, found that 15% (39 of 264) of accidents from 1982 through 1991 had maintenance as a
contributing factor. More specifically, 23% of the 39 accidents had removavinstallation as a comtributing
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factor, 28% had the manufacturers or vendor maintenance or inspection program as a contributing factor,
49% had the airline's maintenance or inspection program policy as a contributing factor, and 49% had design
as a contributing factor. Other imporiant contribuling factors included: manufacturerivendor service bulletins
and in-service communication {21%), airline service bulletin incorporation (21%), and missed discrepancy
{15%).

Cataloging the different typas of errors has also received much investigation. At a basic level there are two
types of human errors--unintentional and intentional {Swain and Guitman, 1983; Lorenzo, 1930). Intentional
errors are done "on purpese” because the operator believes that what he/she is doing is correct, so that when
the action is taken, an error occurs, These would be called mistakes in Reason's (1990) terminology.
Unintentional errors are committed without prior thought and are typically thought of as accidents, of, in
Norman's (1981) terms, action slips.

Another common error dichotomy is classifying errors as errors of commission or errors of omission (see, for
instance, Swain and Guttman, 1983). An error of commission is an act that is carried oul incorrectly (e.g.,
incorrect reinstallation of a valve), while an error of omission is an act that should have been carried out, but
was not (e.g., forgetting to install O-ring seals on a chip detector).

Reason (1990) has by far the most extensive categorizalion of lypes of errars. First, he distinguishes
between failures of execution {slips, lapses, tips. and fumbles) and planning or probiem-solving failures
{mistakes). A second distinction that he makes is between errors and violations. Violations are typically
intended deviations from safe operating practices, procedures, standards, or rules. Violations are typically
due 1o motivational problems, occur in a regulated social context, and require motivational anc/or
organizational remedies. His third distinction is between active and latent failures. Active failures are unsafe
acts that typically have immediate consequences. Latent failures are created as a result of organizationat
decisions (regarding, for instance, staffing levels, expectations regarding the use of procedures, and
decisions regarding training) whose negative consequences typically lay dormant for some period of time and
only become evident when combined with local environmenial conditions. For example, understaffing is a
latent failure when i contributes to a repair failure due o insufficient manpower.

Even with agreement that intentional malevolent behavior should not be included in the study of human error,
the phrase "human error” still carries negative connolations - connotations that can hinder the in-depth study
of the causes of error and errar management (e.g., Woods et al., 1995; Reason, 1880; Lorenzo, 1990}. This
is because most people make attributions to the causes of human error, and those attributions most often are
related to the person rather than to the environment. For example, most people believe that others make
mistakes because they are (attributed 10 be) lazy, stupid, careless, etc. [interestingly, however, most people
would attribute the cause of an arror they made to others or the environment--l was being rushed, the lighting
was poor, etc] Rsason (1990) discusses this phenocmenon as the "blame cycle.” He believes that we
attribute blame to people and not situations because of the Western culture’s illusion of free will and ability to
determine one's own destiny. He feels that we can only break out of the blame cycle it we:

Recognize that human performance is shaped by the situation or environment

Recognize that it is hard for people not fo do something that they did not intend to do in the first place
Recognize that errors have muttiple contributing factors

Recognize that situations are often more easy to change than people.

Woods et al. (1995) are also concerned about the prejudicial effect that comes from labeling a cause of an
accident as human error. One reason is that saying that an accident was due 1o human error is often seen as
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the causal explanétion for the accident. It can resirict the true inv_gstigalion that should occur, whic#ris (a]
determine what the interaction was between the person, the aquipn‘mm, and other situational variables that
lead to the error. | i

These situational fn‘ables that coniribute to the error have also reéeived much investigation, especially by
those working in the HRA (human reliabliity assessment) and PRA (probabilistic risk assessment) iield.?; Thus,
it is not surprising ithat Swain and Guttman (1983) have an in-depth list of these variables, which thky call
performance shaping factors (PSFs). They distinguish among these types of PSFs, External PSFs ihslude
shuational characteristics (e.g., heat, lighting, supervision, and shift rotation), job and task instructions {e.g.,
procedures and shop practices), and task and equipment characteristics {e.g., task complexity and human
machine interface issues). ( Examples of internal PSFs include previaus training/experience, inteligence, and
motivation. Stressor PSFs inciude psychological stressors (e.g., task speed, monotony, and distraction), and
physiological stressors (e.g., fatigue, pain, and disruption of circadian rhythm). Swain has estimatet (see
Lorenzo, 1980) that only 15-20% of workplace errors are caused iby internal PSFs, while the remaining
80-85% are primdrily caused by sxternal PSFs and stressor PSFs, many of which are directlyjunder
management control. : i

The impontant thin¢ about PSFs within the HRA/PRA framework is that they are seen as contributing 1o the
cause of the human error. Thus, the concept of PSFs can be used to help break the *blame cyole” as
discussed by Reasbn (1990). An obvious second important aspect of PSFs is that thay help indicate where
changes are needed to reduce human error.

Thus, it is not surprising that the concept of PSFs is used as a basis of error reduction programs. For
instance, Lorenzo (1990) lists the Swain and Guitman (1983) PSFs, and then discusses many of them
point-by-point as to how to enhance a PSF in order to minimize human error. As ancther example, McDonald
and White (McDonald, 1995; White, 1995a; White, 1995b) iooked at the PSFs that lead to airponf ramp
accidenisfincidents and developed a ramp safety program based o changes to the PSFs that lead to the
accidents/incidents; ;

As implied earlier, the study of human errors occurring in aircraft mairitenance is still in its infancy. Datd now
exist to show that faintenance error is a contributing factor in aircraft accidents/incidents. There are also
some data to indicate what types of emors are occurring. However, what is now needed with regard to
maintenance humgn eror is to collect empirical data on the types of erors that are occurring, their
consequences, theJPSFs that contribute to that error, and corrective action strategies for preventing future
errors due 1o the same PSFs. That is the purpose of the Maimenance]Emr.Decision Aid (MEDA).

The MEDA Tool

MEDA was developed over a two-year period by a team of airine representatives, regulators, and Boeing
maintenance human factors personnel. The objectives of MEDA are to:

* Give commerdial airline maintenance organizations a better understanding of how human perforrhance
issues contribute to maintenance error : '

s Provide line-level and organizational maintenance personnel a standardized methodology for analyzing
maintenance arror :

* ldentify maimenance system deficiencies that increase expgsure to emor and decrease sysiem
efficiency :

* Provide a means of error trend analysis for the commercial airling maintenance organizations.
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The MEDA tool consists of the Results Form {a paper tool used in the_error investigation), a User's Guide to
facilitate the investigation process, and Supplemental Assessment Information to facilitate the use of the
Results Form. The Results Form consists of five major sections:

1) General, 2) Events, 3) Maintenance Error, 4) Contributing Factors, and 5) Correclive Actions.

The Ganeral saction asks for information about the aircraft, the airline, the analyst, and where and when the
incident occurred. The Event section asks for the type of event that triggered the MEDA investigations.
Events include fiight delay, flight cancellation, gate retum, in-flight shut down, alr-turn-back, aircralt damage,
injury, diversion, and rework. The Maintenance Error sections asks the investigator to check the one type of
maimenance error that caused the incident. The major categories of error, which are broken into
sub-categories, include improper installation, improper servicing, improper/incomplete repair, improper fault
isolation/inspection/esting, foreign object damage, surrounding equipment damage, and personal injury.

The Contributing Factors section is used to help guide the analyst 1o think about what factors affected
technician performance resulting in a maintenance error. There are ten major calegories of contributing
tactors, and each category has several examples in checklist format. The major categories inciude:
information. equipmentiools/parts, airplane designiconfiguration, jobrtask, technical knowledge/skills, factors
affecting  individual  performance, environmentfacilities,  organizational  environment  issues,
leadership/supervision, and communication issues.

The Corrective Actions section includes three sub-sections. The first sub-section asks whether existing
maintenance procedures, inspection or functional checks, maintenance documentation, supporting
documentation, or company maintenance policies were intended to prevent the error but didn't, and how this
could be resolved. The second and third sub-sections ask, respectively, tor local corrective actions and other
corrective actions that can be taken.

Field Test Evaluation

There was a dasire 1o evaluale the MEDA tool and process betfore beginning full implementation at customer
airlines. It was decided that the best method for evalualion was to have a subset of airlines use the tool and
then provide feedback on how it might be improved. Eight domestic and international air carriers and one
repair station agreed to participate in the Field Test. The Field Tesl training and evaluation were carried out
under FAA contract over a period of eight months from November, 1994, to July, 1935 (see Alien ang Rankin,
1995). Employees from these organizations were trained to use the MEDA process in a 3 to 8 hour training
session, which included a case sludy exercise.

Three methods were used to collect Field Test evaluation data. First, five questionnaires wera filled out by
participating personnel regarding work environment, causes of maintenance error, and perception of arror
investigations. A Fiekd Test Survey was filled out by MEDA trainees prior to the training class; a MEDA
investigator filled out the Tool Survey after doing a case study in training or after doing their first MEDA
investigation; the erring 1echnician, if part of the investigation, filled out a Subject Survey following the MEDA
invesfigation; a Management Survey was tilled out by airline maintenance management at the end of the Field
Test; Ad MEDA trained investigators filled out a Field Test Follow-up Survey at the end of the Fleld Test.

Second, the nine paricipating organizations used the MEDA Resulls Forms to investigate maintenance error
event occurrences. Seventy-four completed Results Forms were sent to Boeing for analysis during the data
collection period. Examples of the types of events included in-llight shuidowns (IFSDs), air-tum-backs,
ground retums and significant delays. Data from completed Results Forms were analyzed 1o determine the
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types of avents Tat were being investigated by the Fleld Test participants, what the error was that igd to the
event, what the \contributing factors were to the error, and suggésted corrective actions. In addition, the
completed Results Forms were qualitatively analyzed to delermmé whether the forms were being filled out
logically and consistently.

Third, meelings were held mid-point through the Field Test and approximately six weeks after the end of the
Field Test 1o get feedback from representatives of the participating erganizations.

In general, the Fleld Test found a wide variation in the manner in which MEDA was impiementad in the
participating organizations. Two of the organizations never fully implemented MEDA. Tha others
implemented MEDA in various ways regarding which maintenance organization carried out the investigations,
what types of events triggered an error invastigation, and how corrective actions were implemented.

More specifically, the evaluation surveys found the following. Two:hundred forty- eight respondents filled out
the Field Test Survey before they took MEDA training. In genaral, these respondents agreed that poor
communications is the biggest contributing factor to maintenance error. They also agreed that erroré can be
made by anyone, that they are made even on routine tasks, and that the factors that contribute 10 efrors are
largely controllable. The respondents believed that mainienance technicians have written materials available,
as needed, and that lessons leamed and probiem areas are communicated to other technicians in order to
prevent additional errors. However, support from other organizations is not seen as effective, feedback from
supervisors is lacking, and satisfaction with the work environment is low. Punishment for errors is still used in
some organizations, but it is not believed to be applied fairly, and it is not seen as being effective. !There is
general agreement that training is an eflective way to reduce errors. Most agreed that their airline needs 10
reduce maintenance error, although about half believe that their airline (already) does a good, thorougri job at
maintenance error investigation,

The Tool Survey was filled out by 237 respondents following training, which included a case study, or afer the
first error investigation. The respondents generally agreed that the MEDA Results Form helped them with
their error investigation and that it was easy to use. A large majority of the respondents believed that MEDA
will have a positive impact on their maintenance organization, atthoygh they are much less certain that MEDA
will reduce punishment for making errors or that MEDA will cause new corrective actions 1o ba taken.

The Subject Survey was filled out by 17 technicians, who had been involved in the maintenance error and the
subsequent MEDA investigation. In general, their experience of panicipation in the error investigation was
positiva. They did not feel intimidated during the investigation, they felt that the purpose and philogophy of
the process was made clear to them, and they believed that MEDA would 1mprova their work enwmnmem
However, they ware not certain whather cofrective actions would beitaken.

The Management Survey was filled cut by 13 managers in the rm‘aintenance functions of the participating
organizations ai the end of the Field Test. These managers agreed fully with the MEDA philosophy,
understood how MEDA was being implemented at their airline, felt that there was strong acceplance of MEDA
by airline management and technicians alike, strongly supported: MEDA themselves, and felt that it was
imporiant for other airlines to adopt MEDA and to share MEDA data.

The Field Test Follow-up Survey was compieted by 49 MEDA investigators at the end of the Fisid Test.
Some of the questions were the same as used on the Field Test Survey. Comparison of the responses on
these questions found that opinions had changed some since before MEDA training--there was less strong an
opinion that carelassness caused error and thal time pressure caused error. These respondents were less
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likely than managers to agree that their airline had done a good job in implementing MEDA, that technicians
supported the process, and that they had seen positive benefits from the process. However, a majority of
them strongly support the conlinued use of MEDA at their airline.

The Management Survey and the Field Test Survey also asked respondents to rank order the importance of
eleven contributing factors to maintenance error. The managers and invesligators differed very little in their
rankings. Poor communications, inadequate supervision, and lack of information were seen as the top three
contributing factors for both groups of respondents. These were followed {in order) by: qualification/skills,
equipmenttools/parts, organizational factors, airplane designvconfiguration, jobrtask, environmentat factors,
factors affecting individual performance, and facility factors.

Saventy-four completed Results Forms were sent to the Boeing team members for analysis. Figure 1 graphs
the operational events that triggered the MEDA investigations. Flight delays (22}, aircraft damage {17), and
air turn backs {11) were the major triggering events. The 11 “other” events included workshop errors, vendor
problems, and a few events that probably couki have been described by the existing event types in the
Results Form but ware coded "cther” by the investigators. Note that these were the events selected by the

" participating organizations 1o trigger a MEDA investigation--therefore these numbers cannol be used 10
estimate the percentage of events that are due to maintenance error.

Given the types of events investigated, Figure 2 graphs the types of maintenance errors that caused the
event. Improper installation (26 errors) was, by far, the major errer type, which was followed distantly by
improper fault isolation/inspection/testing (11 errors), and improper sarvicing (9@ errors). Of the 17 "other
maintenance errors, eight were related to errors that caused ground damage.

Figure 3 graphs the factors that cortributed to the errors. There was an average of 3.24 major categories of
contributing factors selected per Results Form. Information was a contributing factor in 50% of the
investigations, followed clossly by communications (43%), jebAask (42%), environmentfacilities (38%),
factors affecting individual performance (35%), qualification/skilis (31%), airplane design/configuration (30%]),
equipmentitools/parts (27%), organizational environment (26%), and supervision (16%). It is imeresting to
compare these empirical data with the survey opinions of the managers and investigalors about which of
these factors ware most likely to contribute to error. The managers and investigators correctly ranked
information and communication as high in importance. However, they greatly overestimated the importance
of supervision and qualificatiorvskitlls, and they underestimated the importance of environment/facilities and
tactors atfecting individual performance.

One additional methodology used to collect data on the tool effectiveness was to hoid a Mid-Field Test
mesting to review tool design, user experience, poiential changes to the tool, and the MEDA software
profotype created for the Field Test program. An End-ol-Figid Test meeting was held in Seattle on
September 19-21, 1895. A small number of changes were suggested for the Results Form and the
Supplemental Assessment Information. A major recommendation made regarding the presentations/training
needed for implamentation at -other airlines was thal three separate presentation/training packages be
developed: the first to present the concept to senior management to gain their support and to lay out the
organizational model required to implement MEDA successfully; the second to train the selected MEDA
investigators; and the third to present the MEDA process to the maintenance technicians and their
management 1o akay fears regarding punitive actions, to inform them about how the investigation process is
carried out, and to discuss the benefits of MEDA.
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Conclusions and bwmmgndgtigng ;

In conclusion, the Field Test evaluation determined that the MEDA ébjectives were mel. First, the MEDA tool
and investigation process did provide an easy-lo-use standardized investigation methodology: to the
maintenance orgamzauon) This was determinad by the survey data and by the 74 completed Resutts Forms,
which were judged generally to be filled out in a manner consistent with the intent of the MEDA process. One
finding, which will prove invaluable to further MEDA implementatian, is that it took the participating: airlines
longer io implement MEDA than first anficipated. Determining the evenis that will trigger a. MEDA
investigation, asdgnmg MEDA administrative responsibility to an organization, selecting and training MEDA
investigators, and (especially) setting up a correciive action process and feedback mechanism can be time
consuming and afe impacted by the organizational climate.

Sacond the tool did help uncover maintenance system deficienciés. Although only 74 completed Results
before the cut-off to data coliection, all of the participating airlines had sucqessfully
problems using MEDA. ;
Ig? the edu nal process that was used for implementation did provide maintenance personndl with a

er understanding of how human performance is influenced by local and organizational factors, as
indicated by su data and by anecdotal information discussed at the Field Test mestings. Finally, trend
analyses were n by the panicipating airlines, although more data is needed for these analysds to be
more useiful. ‘

ions resultad from the Field Test.

that air carriers continue to promote usage of event-driven analysis tools to foster error
management withiin their organizations. MEDA Field Test parlicipants should continue to use the MBDA tool
in His present or customized form. Industry should also continue o develop modular human factors-based
training programs (modeling successful CRM concepts) to complement the use of technology-enhanced,
event-driven analysis tools and to promote organizational recogrition of error producing faciors and the
importance of team werk in error management. Also, issues that inhibit maintenance error reporing and
analysis within ingiividual organizations and industry-wide must be addressed by the individual organizations,
where applicable, and within industry by its governing bodies. Thesé issuses include, bul are not limited 10:

* A uniformly accepied imited immunity policy governing U.S: technician participation in future event
reporting and analysis programs, consistent with the standard established for similar flight operations
programs

» Definition of an acceptable standard of disciplinary action that individual organizations can usg as a
model 10 complement the limited immunity policy and the use af event-driven analysis tools

= Potential or sharing the output of safety and information programs among operators and industry.

Boeing is now making the MEDA tool available to customer airlines to help them improve their maintenance
operations and as a means to more efficiently communicate with Boeing about events that have design or
manufaciuring as a contributing factor. The Boeing Maintenance and Ground Operations Systems {(MGOS)
group, within Customer Services Division will assist cusiomer airlings with training and implementatian: of the
MEDA process. Air carriers interested in MEDA may contact MGOS through their Boging Field Service
Representative.
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Figure 2 Maintenance Error Types.
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Figure 3 Contributing Factors.
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ABSTRACT

Gaining a better understanding of the many factors influencing the
tire/runway friction interface is the aim of several ongoing NASA Langley
research programs which are described in this paper. {Results from studies
conducted at the Langley Aircraft Landing Dynamics Facility (ALDF) and
tests with instrumented aircraft and ground vehicles are summarized to
indicate effects of different tire and runway properties., The effects on tire
friction performance of parameters such as pavement surface texture and
condition, tire operating mode and inflation pressure, and vehicle speed
are discussed. An overview of current ground friction measuring vehicle
capability for evaluating runway friction performance is given. A new,
shot peening surface treatment is also described for improving surface
texture, friction, ride quality, and tire wear.  Several joint programs with
the Federal Aviation Administration (FAA), Transport Canada, U.S. Air
Force, and the aviation industry are described together with current test
plans. The scope of future NASA Langley research directed towards
solving aircraft ground operational problems related to the tire/runway
friction interface is given.
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| INTRODUCTION

A pilot’s ability to make a successful takeoff or landing operation iis
dependent, lin large measure, on the condition of the aircraft landing gdar
system and| the airport runway surface. “Worn tires and brakes combin
with adverte weather conditions can significantly reduce aircraft grou d
operational | performance capability leaving little- or no margin for delays in
neccessary pilot inputs.. When aircraft/runway : conditions are such that
pilot demands cannot be achieved, overrun or veeroff accidents are a very
likely consequence. New tire designs, brake unit components, and antiskid
control algorithms together with improved, high-friction, runway surfaces,
rubber removal treatments, and other contaminant control/removal
techniques have helped extend the aircraft/runway operational boundary
limit and minimize occurence of skidding accidents.

|

Gaining a better understanding of the many factors influencing the
tire/pavement interface is the aim of several ongoing NASA Langley |
research programs summarized in this paper. Langley's Aircraft Landing
Dynamics Facility and two instrumented ground test vehicles are described
and some recent test results obtained using these unique test facilities are
discussed. An overview of current ground friction measuring vehicle
capability for evaluating runway friction performance is given. The NASA
Wallops Flight Facility test site, an annual t:rei/runway friction workshop,
and a relatively new shot peening machine forl improving surface texture,
friction, ride quality, and tire wear are discussed. Several joint projects
with other organizations are also described. The scope of future NASA
Langley reasearch directed towards solving aircraft ground operational
problems related to the tire/runway interface is given.

- TEST FACILITIES AND EQUIPMENT

Aircraft Landing Dynamics Facility - An aerial view of the NASA
Langley Aircraft Landing Dynamics Facility (ALDF) is shown in figure 1!
together with the principal specifications and indentification of the maih
features. The large test carriage s catapulted to the desired test speed!by
means of pressurized water expelled through a gquick acting valve. Once
launched, the test carriage is constrained to free roll on level steel rails
through the 549 m (1800 foot) runway test section and then encounters 5
arresting gear cables which bring it to a stop in the remaining 183 m (600
feet). This unique facility, described in references 1-3, has been in
operation since the mid-1950’s evaluating various aircraft landing gear
systems and components, including the Space Shuttle, on a variety of
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runway surfaces. A facility upgrade project in the early 1980's provided a
new test carriage, larger water jet propulsion system, a longer test section,
a new arresting gear system, and most importantly, much higher test
speed (220 vs 100 knots) and landing gear loading capability (34K vs 18K
kg (75K vs 40K 1b)). From March to December when daylight ambient air
temperatures are usually above freezing, carriage test runs can be
performed every 2 hours with as many as 4-6 per day. The ALDF not only
has a unique capability to conduct a variety of dynamic tire/pavement
performance tests but a range of static tire mechanical properties tests can
be performed throughout most aircraft tire rated load and inflation
pressure values. .

Instrumented Tire Test Vehicle - The NASA Langley Instrumented
Tire Test Vehicle (ITTV) shown in figure 2 is designed to accommodate the
evaluation of many tire performance parameters during straight ahead
rolling, yawed rolling, cambered rolling, or fixed-slip braking test runs.
Investigations can be performed at speeds up to 105 km/h (65 mph) and 2
maximum test tire loading of 22.2 kN (5000 1b). Tire vertical, drag, and
side loads developed during test runs are measured by strain gages located
above the wheel-axle support structure on the test fixture. Continuous
time histories of the output from these strain gages are recorded on a
computer in the vehicle cab compartment. Several test parameters can be
selected for viewing on an onboard CRT during the test run or played back
at a later time. A pneumatic system to lower or raise the test tire from the
surface can be controlled from the cab compartment by the vehicle
operator. | Simulated braking at fixed slip is accomplished by driving the
test wheel with an adjustable steel shaft connected through universal
couplings to interchangeable sprocket gears, which in turn, are chain
driven off one left rear driving wheel of the vehicle. - Disengaging or
removing this test tire drive shaft permits evaluation of free rolling,
yawed rolling, or cambered operational modes. For unbraked, yawed tire
tests, the fixture is manually unlocked, rotated to the preselected angle,
and locked in place. For evaluation of camber effects on tire friction and
wear performance, the tire test fixture is capable of producing camber
angles of up to 4 degrees in 1 degree increments. Within this range of
camber, the test tire can also be operated at various yaw angles or fixed-
slip braking test modes. References 4 and 5 provide additional

information on the ITTV. '
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Diagonal-Braked Vehicle - The NASA Langley Diagonal-Braked Vehicle
(DBV), shown in the photograph in figure 3, is equipped with a high
performanc engmc for rapid acceleration to the normal test speed of 96
km/h (60 rdph) This vehicle has a specially modified braking system,
shown schematically in figure 3Ito provide locked-wheel braking on the
diagonal wheel pair. With the remaining two freely rotating wheels, this
braking configuration permits adequate vehicle stability and directional
control whét: the diagonal wheels are locked at high speed. The diagonal-
braked wheels are fitted with American Society for Testing and Materials
(ASTM)} smooth-tread test tires whereas the unbraked wheels are ‘
equipped with standard road tires that have good tread design. The kej/
test parameters monitored by the onboard instrumentation and computer
system are Wehicle speed, acceleration, and stopping distance. A CRT
display system is also available for viewing selected parameters during d
test run or during playback at a later time. \Vehlcle speed and stopping
distance are displayed to the DBV operator by digital counters mounted on
the vehicle dashboard. ) The deceleration data obtained with the DBV
allows for computation of the locked-wheel or sliding friction coefficient
over the range of test speed) Additional information about the DBV is
given in references 6 and 7.

NASA Wallops Flight Facility - Located on ‘the eastern shore of
Virginia, Wallops Flight Facility (WFF) has a three-runway airport with
little transient air traffic and hence, it is an ideal facility for performing
aircraft ground operational performance tests and a variety of ground
vehicle tests. Runway 4/22 (see figure 4), also referred to as the landing
research runway; is 46 m (150 feet) wide and 2667 m (8750 feet) long.
The specially constructed level (no crown or cross slope) test section, 16/ m
(52 feet) by 1128 m (3700 feet), consists of several different grooved ahd
ungrooved, concrete and asphalt test surfaces. { The groove configuratioris,
transversely (cut into the pavement, are 6 mm (0.25 in.) wide and deep
with spacings of 25 and 51 mm (1 and 2 in.). | A channel cut 6 mm (0.25
in.) wide and 25 mm (1 in.) deep surrounds each runway centerline test
surface and supports rubber-belt dams used to control water depth for-
instrumented aircraft and ground vehicle test runs. The texture of a 3.7
by 274 m (12 by 900 foot) nongrooved concrete section near the runway
shoulder was modified with four different textures produced by a special
shot peening treatment used in the Skidabrader machine shown in figure
5. This same equipment was also used to modify the Shuttle landing
facility runway at Kennedy Space Center, FL which will be described later
|
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in this paper. Additional details concerning WFF runway test surfaces are
given in references 7 - 9.

RESEARCH PROGRAMS AND TEST RESULTS

NASA Tire/Runway Friction Workshop - The second annual
workshop was held at NASA Wallops Flight Facility on May 15-19, 1995
(see figure 6). Over 60 engineers and scientists participated in the
workshop activities and they represented 35 organizations from 11
countries. Twelve friction measuring devices made over 500 data runs
during the week and six texture techniques were used to collect over 200
data sets on 15 different test surfaces. The blue, red, and white panels
shown in front of the workshop group in figure 6 are specially constructed
reference panels with high, medium, and low texture finishes. Future test
plans are to qualify these reference panels as calibration surfaces for both
friction and texture measuring equipment. A list of these devices which
have been evaluated during workshop sessions is given in figure 7
together with a typical friction/speed gradient curve. The available
workshop data base suggests that the slope of this friction/speed gradient
curve is a function of macro-texture and the magnitude is a function of
micro-texture. ;

At the present time, there are six continuous friction measuring
devices qualified for airport runway usage by both the U.S. Federal
Aviation Administration (FAA) and the International Civil Aviation
Organization (ICAO). These devices are listed in figure 8 together with
three levels of runway friction classification - design, maintenance
planning, and minimum acceptable at both 65 and 95 km/h (40 and 60
mph).

Aircraft Tire Wear Results - Improved cornering wear performance
was obtained during ALDF track tests with radial-belted, 40 X 14 aircraft
tires compared to similar size bias-ply tires at speeds uwp to 160 knots on a
dry, nongrooved concrete runway. Figure 9 shows the level of
wear/energy developed by both tires at similar inflation pressure and a
yaw angle of 6 degrees. ' The wear/energy parameter is simply the average
measured amount of tire tread thickness worn away due to the average
level of braking and/or cornering force developed over a measured
distance. This wear data indicates radial-belted tire construction improves
cornering wear performance by nearly 20 percent.
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The ¢ffect of pavement surface texture on 20 X 4.4 bias-ply tire wear
rate evaluated during ITTV tests at NASA Wallops Flight Facility on three
different surfaces is shown in figure 10. The tire tread wear rate variation
with average texture depth indicates similar increasing trends with texture
depth for both braking (14 % slip) and cornering (8 degrees) operational”
modes. These surfaces were dry when the test runs at 65 km/h (40 mph)
were conducted.

Shuttle Landing Facility Runway Modification - Figure 11 gives the
scope of the joint multi-faceted effort to identify a runway surface
modification that would enable the Space Shuttle landing crosswind '
limitation at Kennedy Space Center, FL to be increased from 15 knots to! 20
knots. A total of 18 different surface treatments produced by grinding,
rotopeening, shot peening, and special coatings were first evaluated by
comparativgd ITTV tire wear and friction tests. From this data base, three
treatments were selected to be installed the entire length, 4572 m (15 000
ft) of the doncrete runway at an individual width of 3.7 m (12 fu). Full-;
scale crosswind landing simulations were then performed using the :
Landing Systems Research Aircraft (LSRA) from NASA Dryden Flight
Research Center. This specially modified and instrumented CV-990 jet
transport ajrcraft is equipped with a unique, computer-controlied,
centerline fuselage gear designed to accommodate a Space Shuttle Main®
landing geay tire. Figure 12 shows the range of shuttle tire wear test
results obtained from the CV-990 aircraft tests at Kennedy Space Center
and the runway surface modified by the Skidabrader shot peening method
clearly offers the best wear performance. Consequently, the entire 91 by
4572 m (3¢0 by 15 000 ft) runway surface was modified using
Skidabrader equipment in September 1994. Tire wear data from three
Space Shuttle landings at Kennedy Space Center: since completion of this
runway modification have indicated significantly better wear performance.

C-17 Tranmsport Aircraft Soil Runway Tests - NASA DBV friction
measurement tests were performed on a relatively short, 1097 m

(3600 ft), spil runway at Holland Landing Zone near Pope Air Force Base,
NC at the request of U. S. Air Force C-17 Systems Program Office. These’
tests were conducted under dry conditions prior to planned C-17 transport
aircraft landing and take-off operations. The DBV friction data indicated
the soil runway provided nearly dry paved runway friction performance
and the C-17 aircraft operations were successfully carried out. The
photograph in figure 13 shows a head-on view of the 4-emgine, C-17 jet
transport aircraft and figure 14 shows the somewhat unique (2 nose and
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12 main gear tires) undercarriage configuration. Figure 15 shows the
NASA DBV during a dry soil runway condition test run and the two
portable decelerometer units used during both ground vehicle and aircraft
tests are shown in figure 16. The Bowmonk Skidman unit is an electronic
decelerometer which provides a permanent time history record of vehicle
acceleration/deceleration up to 1.0 g's. The Tapley decelerometer unit
shown on the right side of figure 16 is a manually operated decelerometer
which can indicate the peak deceleration value obtained during a vehicle
braking run. Both decelerometer units were used in the DBV and were
found to measure similar values. - The Skidman unit was also used onboard
the C-17 aircraft and deceleration values recorded by the Skidman unit
were similar to those measured by the C-17 aircraft data acquisition
system.

Joint Winter Runway Friction Test Program - Planning and
preparations are nearing completion for starting a proposed, S5-year, joint
winter runway friction test program this coming winter season. The major
participants include NASA, FAA, and Transport Canada with several
aviation organizations and groups expressing keen interest in supporting
this program. Testing will include instrumented aircraft and ground
vehicles as well as Langley's Aircraft Landing Dynamics Facility. Program
objectives include assessment of aircraft/ground vehicle friction
correlation, effects of both aircraft and runway anti- and de-icing
chemicals, and measurement of aircraft water/slush/snow impingement
drag. As currently envisioned, this joint program will implement many of
the recommendations from a white paper prepared by
government/industry winter runway friction measurement and reporting
working group.

CONCLUDING REMARKS

An overview of several NASA Langley programs aimed at gaining a
better understanding of the many factors influencing the aircraft/runway
interface has been given. Several unique test facilities and equipment
have been described and test results from a variety of studies conducted
at Langley's Aircraft Landing Dynamics Facility, Wallops Flight Facility,
Kennedy Space Center, and Pope AFB have been discussed. The scope of
some future NASA Langley research efforts directed towards improving
aircraft ground handling performance under adverse weather conditions
has also been given.
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THE EUROPEAN JOINT AVIATION AUTHORITIES (JAA)
The Implementation of JAR’s

PREFACE

Since several years JAA airworthiness codes for large transport aeroplanes, engines and
propellers arp used by industry and the European aviation authorities running the
certification processes jointly. This has been extended to small aeroplanes and helicopters
recently. JAR-145 (Maintenance Organisations) has been implemented and approximately
1400 organisiations are approved in Europe,

The requirem%nts for operation (JAR-OPS) has been adopted in March 1995 and the rules
for personnelilicensing will be finished mid next year. For both implementation procedures
will be written and after an interim period of three or four years they will be binding in
Europe. ‘

This is a good occasion to review were JAA is today, how the joint work is perfqrrﬁed and
were it will go in future.

1. WHAT IS JAA?

|
Introdu{ction

The Joint Aviation Authorities {JAA) are an associated body of the European Civil
Aviation Conference (ECAC) representing the civil aviation regulatory authorities of
a number of European States who have agreed to co-operate in developing and
implementing common safety regulatory standards and procedures: This co-operation
is intended to provide high and consistent standards of safety and a "level playing-
field” for competition in Europe. Much emphasis is also placed on harmonising JAA
regulations with those of the USA.

JAA Megmbership is based on signing the "JAA Arrangements” document of §1f990.
Based gn these Arrangements and related commitments, the JAA's objectives and
functiohs may be summarised as follows:

ébjsctives:

- To ensure, through cooperation on regulation, common high levels of
aviation safety within the Member States.

- Through the application of uniform bafety standards, to contribute to
fair and equal competition within the Member States.

- To aim for cost-effective safety and: minimum regulatory burden so as
to contribute to the European industries’ international competitiveness.

Functions:

- To develop and adopt Joint Aviation: Requirements (JARs) in the fields
of aircraft design and manufacture, aircraft operaticns and
maintenance, and the licensing of aviation personnel.
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- To develop administrative and technical procedures for the
implementation of JARs.

- To implement JARs and the related administrative and technical
procedures in a coordinated and uniform manner.

- To adopt measures to ensure, whenever possible, that pursuance of the
JAA safety objective does not unreasonably distort competition
between the aviation industries of Member States or place companies
of Member States at a competitive disadvantage with companies of
non-Member States,

- To provide the principat centre of professional expertise in Europe on
the harmonisation of aviation safety regulation.

- To establish procedures for joint certification of products and services
and where it is considered appropriate to perform joint certification.

- To cooperate on the harmonisation of requirements and procedures
with other safety regulatory authorities, especially the Federal Aviation
Administration (FAA).

- Where feasible, to cooperate with foreign safety regulatory authorities
especially FAA, on the certification of products and services.

JAA’s work was started in 1970 with the objective to produce commaon certification
codes for large aeroplanes and for engines. This was to meet the needs of European
industry, particularty for products manufactured by international consortia {eg
Airbus). Since 1987 its work has been extended to operations, maintenance,
licensing and certification/design standards for all classes of aircraft. Common
procedures and the approval of design, production and maintenance organisations
are covered. A single Joint Certification team, working on behalf of all JAA
countries, is used for certification of new aircraft and engines. After the successful
completion of the evaluations Type Certificates are issued simultaneously, and on
a commen basis, by all States,

JAA originated as the Authorities’ response to the technical and economic needs of
the European Aviation Industry. However, since 1 January 1392 JAA codes, as they
are completed, are referenced in the European Community Regulation on Harmonised
Technical Standards® and become law in the EC States.

Industry is fully represented in committees and working groups developing
requirements and procedures and in a Joint Assembly and Joint Boards where policy
issues are debated.

The JAA carry out their tasks of approval, certificaticns and safety monitoring using
the staff of the national authorities, who also retain the responsibility for the legal
findings, granting of licences and certificates, etc. The JAA Headquarters are
responsible for the process of rulemaking, harmonisation and standardisation, {using
specialist staff from the national authorities), the decision-making system, the
"infrastructure” and various related tasks.
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2.

GENE

2.1

2.2

2.3

RAL QRGANISATION OF THE JAA
Membarship

Membership is open to States who are members of the European Civil
Aviation Conference (ECAC), which currently has 32 member countries, and
JAA are an "associated body" of ECAC. Membership takes effect when the
1990 "Arrangements" are signed. Twenty-three countries are members of the
JAA today - see Figure 1.

The two-stage membership system which new States have to go through
entails an evaluation and assessment process, with a satisfactory outcome,
before the transition from Candidate to Full Member status. At present there
are 18 Full Members and 5 Candidate Members {Cyprus, Malta, Monaco,
Poland and Slovenia). Several States have started the process towards
Candidate membership {Czech Republic, Slovak Republic, Hungary, Turkey).

Structure of the JAA

The JAA (see Figure 2) are run by the JAA Committes (JAAC) which is
comprised of one member from each member State - generally theiperson
responsible for all the safety regulatory functions covered by JAA in each
authority. Day-to-day matters are decided by the Executive Board, which has
six members selected from members of the JAA Committee: Broad policy
decisions and final approvai of the budget are decided by the JAA Board
which comprises the Directors General of Civil Aviation of the JAA member
states. ‘

The Foundation Board, responsible for the affairs of the Stichting Beheer (a
Duteh "foundation”) which formally handlas the business management'role for
JAA Headquarters; this foundation has ‘no involvement in JAA technical
policy. :

JAA HQ Staff

The Headquarters staff is headed by a Secretary-General and has six divisions
- certification, regulation, maintenance, operations, _ licensing, and
administration. '

In 1995 30 staff members are appointed at HQ. This number is planned to
increase to 36 in 1997. HQ budget is 2.7 'million ECUs in 1995 (US $3.6 m)
planned to rise to 3.1 million ECUs (US $4.1 m) in 1996 and to around ECU
3.6 million (US $4.8 m) in 1997.

if JAA HQ retain their present activities, the long-term staff and costs are not
expected to change greatly from these levels.



2.4

Funding of JAA HQ

At present JAA are funded by national contributions (85-80%), plus income
from the sale of publications and training (10-15%). National contributions are
based on indices related to the size of gach country’s aviation industry. The
"largest” countries {France, Germany, the United Kingdom) pay around 20%
and the smallest around 0.6% of the budget. All countries pay a minimum of
0.5% of the budget to cover "basic" costs of membership.

3. STATUS AND IMPLEMENTATION OF JAA WORK

3.1

Certification

JAA are committed to the joint certification of new aircraft, engines and
propellers. They are finalising a joint system for the approval, using a
multinational Team or local Authority, according to the complexity, of these
products, Auxiliary Power Units {APUs) and equipment coming under the Joint
Technical Standards Order (JTSQO) system.

At present JAA have adopted, amongst others, codes for the certification of
large aeroplanes (JAR-25), small aeroplanes including commuters (JAR- 23},
helicopters {(JAR-27 and -29), engines {JAR-E), Auxiliary Power Units (JAR-
APU), propellers (JAR-P) and equipment (JAR-TSO).

Joint Type Certifications have already been completed on the following
aircraft:

Airbus A-340 Airbus A320-232
McDennell Douglas MD-11 Airbus A320-214
Jetstream 4100 Airbus A321

Canadair CLB0O0-2B19 Regional Jet  Airbus A330

Dornier 328 Airbus A330-321/-322
CASA CN-235-100 Airbus A330-341/-342
Saab 2000 Airbus A340-212/-312
Boeing 777-200 (engine P & W) Falcon 2000

IPTN CN 235-110

In addition the fbllowing joint aeroplane certification programmes are in
progress:

Boeing 777-200 (2 models) Airbus A319

Boeing 777-300 Boeing 737-600, -700 and -800
Learjet 45 . MD-95-30

MD 90-30 EMB-145

Tupotev 204-200 Dash 8-400

Citation X Gulfstream V

Canadair Global Express

The JAA and FAA have agreed to work together on a "Cooperative and
Concurrent Certification” process, where the JAA and FAA evaluation teams
integrate their work. This process is being applied, to the extent possible, on
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the Boeing 777, Learjet 45, the Boeing 737600, -700 and -800, the MD 95-
30, and, probably, to other future aircraft. -

Jdint Type Certification/Validation for engines have been completed on:

lliams International FJ44 - (for Citation Jet)
Prett & Whitney Canada PWC 1198 (for Dornier 328)
Allison AE 2100A (for Szab 2000)
Géneral Electric CF6-80E1A1/A2 ~ (for Airbus A330)
Ralls-Royce RB211 Trent 700 {for Airbus A330)
Pratt & Whitney PW 4164/4168 {for Airbus A330)
CHE Company CFE 738-1-18 {for Falcon 2000}
Ralls-Royce RB211 Trent 800 {for Boeing B777)
Pratt & Whitney PW 4074/4077/4084 " {for Boeing B777)

Additional 13 Jeint Engine programmes are!in progress.

For helicopter, small aeroplanes and propelter similar procedures are used but
adapted to the less complexity of products.

FOL helicopters one JAA type certification to JAR-27 was initiated in thé last
quarter of 1994 (Eurocopter EC 120). Further three validations of the FAA
primary certification are in progress:

MD HS MD 900 Explorer (JAR-27)
- Bell 407/407T (JAR-27).
- Sikorsky S 92

JAR-21, "Certification Procedures for Airgraft and Related Products and
Parts”, was adopted in November 1993 and became effective on 1 January
1995, JAR-21 covers the policy and arfangements between JAA and
European industry applicants for product certification and design and
manufacturing approvals, and will be jointly implemented by JAA on the basis
of an agreed schedule in a progressive manner.

Currently JAR-21 is applicable to new European products and shortly to new
imported products as well, There is a need for products previously certificated
nationally by one or more JAA member states or jointly certificated to be
caught-up. This catch-up process is a special process to define a standard for
existing aircraft accepted by the JAA member states which allows free
movement of existing aircraft in the "JAA space” without constraints.

Work has started on JAR-39 (Airworthiness Directives) and an NPA is
scheduled for early 1996.

In addition JAA publish Joint Implementation Procedures for certification.
These define the arrangements between the JAA Members to achieve the
mutual recognition of the joint certification; they are developed in discussions
between JAA and industry. All these procedures outline the concept of a
single joint multi-national team carrying out the evaluation on behalf of all JAA
countries. The Certification Committee is finalising proposals for the full range
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3.2

of products.The first draft of these procedures (Joint Muiti-national and Joint
Local Procedures) are used as Interim Procedures from 1 January 1995. Draft
two of the JAA Multi-national and JAA Local Procedures are distributed for
formal consultation with comment period ending 30 July 1995, Adoption is
expected in the 1st quarter of 1996.

Procedures for Design Organisation Approval {DOA} have been adopted.
Product Organisation Approval (PQA) procedures for Product manufacturers
were distributed for consultation and comments are being reviewed, The final
procedures will address POA for products, parts and applances. JAA
considers that the caompletion of procedures for Supplemental Type
Certificates (STC’s), is a matter of high priority. Furthermore additional
procedures should become available to enable the progressive implementation
of JAR-21. :

JAR-36 {Noise) deserves a specific mention. It was developed on the basis of
ICAO Annex 16. The first draft included numerous National Variants which
reflects the high political and environmental need of some countries to have
more stringent requirements, Many commentators {notably FAA, AECMA,
AEA, the US industry) have strongly objected to their existence. A process to
minimize these National Variants has been but might require further action at
Directors General level.

Maintenance
{a) JAR-145 : "Approved Maintenance Jrganisations”

This code was issued in July 1991 and adopted on 1 January 1992.
All organisations carrying out maintenance on aircraft used far
Commercial Air Transportation are reguired to be in compliance with
JAR-145 to carry out such maintenance; this amounts to some 1500
organisations in Europe. At this time around 1400 such approvals have
been completed.

The JAA concept for the approval of maintenance organisations is that
this is the responsibility of the national authorities; however, an
important foundation for the mutual acceptance of maintenance
approvals is the use of Maintenance Standardisation Teams {MAST}.
Three such teams are operating and so far two visits have been
completed to all "full” JAA members and the third round of visits are
now under way.

With the experience JAA have gained with these teams the sequence
of visits will be reduced and the number of team members will be
reduced from three to two.

There is a need to accept organisations outside Europe and procedures
have been developed to achieve this without compromising JAR-145
standards. Around 1200 US repair stations an¢ 90 Canadian
maintenance organisations have already applied for acceptance. So far
around 920 US and 57 Canadian repair stations have been accepted
and also 35 from other countries. _ 215



3.3

Qrganisations located in the USA/Canada which have been accepted by
JAA are subject to sample audits carried out by maintenance
international standardisation teams (MIST) operating in a similar manner
to MAST teams. Canada and all regions of the USA have been audited
at least once. . ‘L

{bli  JAR-65 : "Certifying Staff"

JAR-85 was submitted to the NPA in April 1995, More than 1000
comments were received and are presiently analyzed. The JAR covers
the qualification requirements for JAR-145 maintenance personnel who
will release aircraft to service in the future, The JAR proposes that a
standard European document will be issued by either the JAA-NAA or
specially qualified JAR-145 organisatibns. The document is known as
the Certifying Staff Qualification Document (CSQD). '

"Grandfather rights" for existing persdnnel is a key feature and it will
only be necessary to qualify for the European CSQD if either changing
the scope of existing NAA Authorities licence of moving to another
JAA Country.

(c) - Training Schools, JAR-147

The third Draft was issued April 1985 of this JAR which will spetify
the requirements for the approval of schools such that they may satisfy
part of the JAR-65 requirements including in particular the conduct 'of
basic and type examinations to be accepted by the JAA-NAA as a basis
for issue of the proposed CSQD. : ‘

Operations

JAR-OPS Parts 1 and 3 (covering Commercial Air Transportation | by
aeraplanes and helicopters respectively) were adopted by the JAA Committae
at the end of March 1995. After a transition period of 3 years implementation
of JAR-OPS will be required with effect frorm 1 April 1998 and this will occur
initially under national legislation. JAR-OPS will be subject to "phased
implementation” with the operators of large aeroplanes (those over 10 tonnes
MTOM or with 20 or more passenger seats) and mixed fleets of large and
small aeroplanes being affected first followed 1 year later {1 April 1999} by
the operators of small aeroplanes.

The Subparts of JAR-OPS Parts 1 & 3 on Flight and Duty Time Limitations
and Rest Requirements (Subpart Q) have not yet been adopted as the JAA
Committee wished to review a recently released NASA document on the
subject and also to take account of the FAA's proposed rulemaking in this
field. A final decision on the adoption of Subpart Q is expected bhefore the and
of 1895 or early 1998, :

As the adopted versions of JAR-OPS 1 and 2 have now been publishad
{publication date was 22 May 1995), work has now been compieted on
development of the Operations Joint Implementation Procedures which were
agreed by the JAAC in October 1995 and will be published in January 19986.
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3.4

These are the procedures to be followed by the authorities in implementing
JAR-OPS in all JAA Member States. Included in this material will be the
system of Operations Standardisation Teams {OPST) {similar in function to
the MAST system for maintenance), which are planned to come into operation
in the second haif of 1897. In advance of this standardisation activity, JAR-
OPS training for both authorities and industry personnel is scheduled to
commence in the last quarter of 1935,

In addition to the above-mentioned operational regulations, draft requirements.
have also been developed for simulators (JAR-STD Part 1). The draft has been
out for consultation and the final draft is being prepared. It will be presented
to JAAC for adoption in December 1995. The document is designed to enable
a single evaluation of a Flight Simulator to be carried out by a Joint Team, the
findings of which should be acceptable to all JAA Member Authorities. Such
a process shoutd result in considerable savings in that repetitious evaluations
by individual authorities will no longer be required.

Licensing

Licensing deals with the drafting of common Standards and Joint
Implementation Procedures {(JIP) for these standards in the field of Personnel
Training, Testing and Licensing in Aviation.

JAR-FCL deals with Flight Crew Licensing and divided into 5 Parts: Part 1 is
Aeroplane, Part 2 is Helicopter, Part 3 is Medical, Part 4 is Flight Engineers
and Part 5 is dealing with Gliders and Balloons.

Part 1 and 2 deal with requirements, acceptable means of compliance and
guidance material for training, testing and licensing of Airline Transport Pilots,
Commercial Pilots and Private Pilots for aeroplane and helicopter. This
includes the training and testing for Instrument, Type, Class and Instructor
ratings and for Examiners.

Part 3 contains the material regarding the health condition of the pilots and
further comprises the Aviation Medical Manual, a guidance for Authorised
Medical Examiners.

JAR-FCL has been out for a NPA round of comments and presently these
comments are carefully reviewed. The FCL Committee will in a series of
monthly meetings discuss these more then 2000 comments to avoid to much
delay. Adoption is now scheduled for mid next year and after a transition
period of two years it will be implemented on 1 July 1998,

Comments has also been asked on requirements for Flight and Navigation
Procedures trainers | and I until 15 July 1995 and they are reviewed
presently. This document wilt be part of JAR-STD {Synthetic Training Devices)
joining Part 3 (Al.

When JAR-FCL Part 1, 2 and 3 are adopted work will start on Part 4 (Flight
Engineers) and Part 5 (Gliders and Balloons}.

For the standardisation of the implementation of JAR-FCL there will be a
system of standardisation teams (LIST- and MEST-teams) working according
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to the same construction as is designed for Maintenance. A JiP document will
contain procedures regarding these teams. JAR-FCL training for authorities
personnel and interested parties will start after adoption of the document.

JAA CCGNVENTION

4.1 Introduction

JAA are developing a Convention with the intention to give a more formal and
legal status to JAA, to reinforce the commitment of member states and to
facilitate the development of JAA. It is believed that this will strengthen JAA
land remove some of the present obstacles to progress.

;’I'he JAA Board set up a Treaty Working ‘Group in June 1992. The Working
proup has completed its draft Convention and it has been presented to the
JAA Board.

n March 1995, the JAA Board concluded the discussion on the draft

onvention, and although there are soma remaining issues that still have to
be settied, final agreement is getting close. The latest draft has been sent to
alt the JAAB members for their relevant National Authorities to consider the
legal aspects and implications etc. In a workshop for the users of JAA in July
95, the Convention was presented and the users were invited to give their
comments.

4.2 Scope and Form of the Convention

The Convention does not radically change-the JAA as we know it today. It is
deciared in the draft that the purpose of the Convention is to enable the
National Aviation Authorities (NAA's) to agt through JAA as a de facta single
Aviation Authority, leaving it to a future process to create a single European
Aviation Authority.

This reflects that a decision is still to be made by aill member states to commit
themseives to the concept of a single Authority which would replace the
MNAAs, or more probably reconstitute them as JAA regional offices.

he tasks of JAA remain the same under the Convention. The organs of JAA

main the same and so does the funding. The principle that JAA shall move
forward step by step, assuming new tasks when it is considered appropriate
to do so, is unchanged. The obligations of the NAAs are in essence
unchanged, but since the parties to an International Convention must be
States, the cbligations are on Member States to ensure that their NAAs do
what is required of them. The obligations are set out in a rather more precise
way than in the Arrangements Document which provides the current basis for
JAA . In particular, it is expressly stated in the Convention that Member States
must recognise and accept certification given by another Member State unless
JAA has found that the NAA of that Member State is not applying the
standard of the relevant JAR. Each Member State will also be required to
ensure that its NAA co-operates with JAA with regard to standardisation
activity by the JAA. In particular, an NAA will have to take any remedial
- 218 -
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action required by JAA following a standardisation team visit. The further
development of JAA's monitoring role should become an important tool in
enhancing safety standards.

What is new about the Convention is that it transiates the present "members
club” of participating NAA’s, whose legal status, rights and obligations are
not always clear, into an international organisation with legal personality and
status. With a Convention JAA can also enter into a Host Agreement with the
country, in which the Headquarters is established, relating to the privileges
and immunities for JAA staff, experts performing work for JAA, and
representatives of JAA Member States on the territory of the Host State,
whilst exercising their functions for JAA. By this JAA can enter into
contracts, employ staff, set up pension schemes etc.

So far JAA has managed to act by consensus without the need to use a
voting procedure, it is however unrealistic to think that an international
arganisation, as the JAA will become under the Convention and with an
expected increased number of Member States, will always be able to achieve
consensus and therefore voting procedures for the JAAB and JAA Committee
{JAAC) have been laid down.

On most decisions it is proposed that both JAAB and JAAC decisions shall be
taken with a two-third majority of the number of votes, which would be cast
if each member had cast a vote.

For financial matters related to budget and National Contributions a weighted
voting system is proposed.

The functions of JAAB and JAAC are rather detailed and set out in Annexes
to the Convention and may only be amended by the JAAB.

A possibility for the review and downgrading of JAA membership status is
also proposed. When the Board has reason to believe that a Member State is
in serious breach of its obligations, the Member State may, after a fixed
procedure, be relegated to the status of a JAA Candidate Member State
thereby losing voting rights, and autamatic acceptance of certification.

As mentioned above the latest draft Convention has been circulated to the
JAA Member States for national consultation in Foreign Offices in preparation,
hopefully, for early final agreement. It is intended that the Convention will be
taken up again by the JAAB in December this year for approval and the plan
is to organise a Diplomatic Conference for the final adoption in 1996.

The comments from the users received so far are asking for further
development of the JAA organisation into a real "gingle European Authority”
and for a clear solution ¢oncerning the involvement of the European Union.

In the meantime, efforts will have to be made in order to solve the few
remaining outstanding issues. This includes the European Union’s position in
relation to the Convention as the EU-Commission has stated on several
occasions that the EU should become party 10 the Convention. The EU
Commission, however, still needs to present this position in a request for a
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mandate to the EU Council, who will decideion the matter. Hopefully this will
also be clear before the diplomatic conference planned. for next year.

Outlook

Appendix 1 summarises the present position on JAR's, both those already
adopted and those yet to be adopted,

Work has started on JAR-11 (JAA Regulatory and related procedures) with
adoption tentatively scheduled for late 1996. A working group is also
discussing retroactive airworthiness requirerments (JAR-26). These are safety
requirements that shail be used in already operating aircraft.

The application of JAR's for airworthiness and maintenance has shown!that
a joint European aviation system can work. The present procedures can gdlve
to a large extent the problems coming from still existing national legislation.
But they are partly an administrative burden and creating additionally cost
without a safety benefit. Further development is necessary.

The JAA Convention will give JAA a formal European legal basis and n’jight
be the first step to a Single European Aviation Safety Authority. As thisi can
be a lengthy process and furthermore needs a careful balance with: the
European Union an assumption of the time needed cannot be made. But JAA
will continue with its work and will be the genesis of a European Authority.

- 220 -



Figure 1

ECAC, EU, JAA, EFTA and Eurocontrol

ECAC (32) Eurocontrol {18)
Bulgaria Slovakia- || Hungary
Croatia Lithuania || Turkey
Czech Republic Rormania
Latvia

EFTA (3} EU {15)
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APPENDIX |
| JAR'S ADOPTED AND PUBLISHED
CODE TITLE BASE CODE
Airworthingss Standards
JAR-1 Abbreviations & Definitions
JAR-21 Certification of Aircraft &
Related Products and Parts FAR Part 21
JAR-22 Saifplanes & Powersed Sailplanes German code for Sailplanes
JAR-23 Small Aeroplanes FAR Part 23
JAR-26 Large Aeroplanes . FAR Part 25
JAR-27 Small Helicopters FAR Part 27
JAR-29 Large Helicopters FAR Part 29
JAR-APU Auxiliary Power Unit FAA TSO C-77A
JAR-AWO All Weather Qperations -
JAR-E Engines UK BCAR Sactian C
JAR-P Propeilers UK BCAR Section P
JARTSO Technical Standard Qrders FAR Part 21 Subpart O
JARFVLA Very Light Aeroplanes - ‘
Maintenancé Approval Criteria
JAHij-145 Approved Maintenance Organisations FAR Part 145
Aircraft Qpgrationg
JARIQPS Operationsg ICAQ Anneax VI
JAR’s CURRENTLY IN DRAFT FORM OR: UNPUBLISHED
TITLE BASE CODE ADCPTION

Flight Crew Licansing

JAR-FCL,
JAR-MED

Maintenance

JAR-85
Aircraft Operations

JAR-SIM
JAR-26

Future codes under consideration, but not yet under full development:

JAR-34
JAR-39

Noise Requirements ICAQ Xvi 1996
Rulemaking Procedures -

Flight Crew Licensing ICAO Annex ! 1986
Medical requirements ICAQ Annex | 1996
Certifying Staff FAR Part 65 Subpart E 1996
Simulator Standards : . 1996
Retroactive Airworthinass Requirements 1996

Emissions : -
Airworthiness Directives -




