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3. CONCLUSION

The MC never lost control of the atrcraft: there are no indications of mechanical malfunction:
and there are no indications the crew took- any actions to control or arrest the deseent rate and
nose down attitude. [ find that the clear and convincing evidence indicates the cause of the
mishap was unrccognized spatial disorientation. Additionally, I find by a preponderance of the

evidence that failing to cross-check and ignoring the “Sink Rate” caution substantially
contributed to the mushap.

TIMOTEA JAEAHY:
Brigadier General, USAF
President, Accident Investigation Board \!
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Sensibilisation, Détection et Simulation

- Les illusions sensorielles sont instruites théoriguement
lors des formations standardisées des pilotes civils.

- Elles le sont d’'une maniere pratique dans les forces
armees internationales par l'intermédiaire de
simulateurs.

- D’ou le test effectué au GIS de Mont de Marsan pour
tenter de repondre a une question :
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Cette pratique du ressenti des
Illusions est-elle favorable pour les
pilotes civils ?

SI oul, comment ?




Mont de Marsan 13 Juin 2012
Organisation du test :

- panel de pilotes expérimentés (comparaison population AA)
- suivi de la journée de formation type (théorique et pratigue)
- 4 questionnaires associés
- enregistrements videos avec droits d’utilisation

- table ronde pour debriefer la journée avec les formateurs
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Phase 1
sensibilisation

Instruction théorigue spécialisée:

- Les illusions visuelles

- Les illusions sensorielles d’origine vestibulaire

- Les illusions sensorielles de cause mixte et leurs mécanismes

puis application pratique sur genérateur d’illusions sensorielles
(20 minutes) avec suivi « live » de la séance par les autres

candidats.
Ateliers sur les illusions visuelles

1 Groupe de 12 personnes maximum
Duree : 1 journée
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Panel choisli

8 pilotes expérimentes de provenances diverses

8

0 JAR25

B JAR23

O Hélicoptere
B Hydravion
O Montagne
O Voltige

@ Paneur

O Légers

\
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Questionnaire avant expérimentation

Résultats

- 100 % disent connaitre les illusions sensorielles et les ont
déja ressenties

- 1 seul pilote pense pouvoir donner un classement
personnel des effets avant test

- 1 seul pilote pense avoir une conscience claire du
phénomene avant test

- questions multiples que se posent les pilotes avant test.
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Questionnaire « a chaud » juste sorti du GIS

« Je viens de pratiquer des exercices qui influent mon appréciation de : ...... »

(réponses a choix multiples avec pondération d’'importance)

2% 3
15% 3

4%

O Isolement

@ Conscience du tenps 6%
o . 13% ’
O Génération d'options

O Conscience systéme de vol

B Tunnelisation 6%
O Anticipation d'une menace
| Décision

O Vigilance 129
B Identification problemes et diagnostique

@ Wilisation ressources

O Conscience environnemrent 11%
12%
O Bvaluation du risque

E "_| m Conscience situation \ I
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Questionnaire a froid bilan fin de journée

- Reponses validées par l'utilisation du test NASA TLX

- A l'issu de cette journée, l'instruction civile existante est elle
suffisante ? NON a 100%

- La conduite a tenir face aux situations en vol demande a étre
mieux développée -> travail sur la simulation avec des exercices
tirés de phases de vol.

- 100% pensent avoir maintenant une conscience claire des
phénomenes

- 7 pilotes peuvent maintenant établir un classement personnel
de ces phénomenes.

- 7 pilotes ont trouve les réponses aux questions gu’ils se
posaient avant la séance.
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La journée vous a-t-elle apporté de nouvelles connaissances ?

Si oui dans gquels domaines ? (classés avec pondération)

O RESSENT
O PHY SIOLOGIQUE

B THEORIQUE

B COMPORTEVENTAL
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Cette journée a-t-elle modifie votre ouvos.... ?

1 2 3 4 5 6 7 8
Connaissances oul | oul oul oul oul NON oul oul
Analyse NIA | NIA oul oul oul oul oul oul
Future pratique NA | NA oul oul oul N/A oul oul
Méthode d'instruction N/A N/A oul oul oul N/A oul oul
Maniere de travailler N/A N/A oul oul oul N/A oul oul
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Phase 2 Traduction sur le vol

Prevent / Avoid / Detect / Mitigate /
Recover

- Zone rouge: plupart des travaux en cours dans le
monde.

26 %@ﬁ@sﬁgtgé‘%QﬁH?%@é‘%[ﬁi@ Bé}ﬁ%§§88tl\%ﬁt%

N@%g}{ﬂe a apte e zone d |mpact es Illusions sensorielles.
Ex : étude PARG (BEA)

- Position téte basse des 2 pilotes (PF + PM)

- Circuits visuels et gestion des informations

- Non détection de mouvements « tres confortables »
- « Enveloppe » en mécanique du vol

- Reconnaissance de situations accidentogenes
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A330 Incident — 2007

« After initiating a go around at night over the sea, the altitude capture
mode activated, the pilot flying pitched down to level off.

The IAS increased towards VFE.

Instead of keeping a leveled flight path, the pilot flying kept
a prolonged pitch down input.

Attitude reached — 9°, vertical speed - 4000ft/mn.
The GPWS activated and the climb was resumed.
The minimum altitude was 600 ft over the sea.
Total duration: about 15 seconds
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Fatalities by CAST/ICAO Common Taxonomy Team (CICTT)

Aviation Occurrence Categories
Fatal Accidents — Worldwide Commercial Jet Fleet — 2002 Through 2011

2000
ARC Abnomal Runway Contact
[ External fatalities [Total 214] cav Conirolied Flight Into or Toward Temain
1800 k . F-NI Fire/Smoke (Non-impact)
[ Onboard fatalities [Total 4547] FUEL Fuel Related
LOC- Loss of Control — In flight
1493 (80) MAC Midair/Near Midair Collision
OTHR Other
1600 RAMP Ground Handiing
RE Runway Excursion (Takeoff or Landing)
SCF-NP System/Component Failure or Malfunction (Non-Powerplant)
SCF-PP System/Component Failure or Malfunction (Powerplant)
1400 UNK Unknown or Undetermined
Usos Undershoot/Overshoot
WSTRW Windshear or Thunderstorm
1200 1078 (0) No accidents were noted in the following principal categories:
o= ADRM Aerodrome
Fatalities Onboard fatalities AMAN Absopl M
External fatalities ATM Air Traffic Management/Communications, Navigation, Surveillance
1000 / BIRD Bird
CABIN Cabin Safety Events
EVAC Evacuation
765 (16) FPOST  FirefSmoke (Postimpact)
800 GCOL Ground Collision
ICE Icing
LALT Low Altitude Operations
LOC-G Loss of Control — Ground
600 RI-A Runway Incursion — Animal
430 (0) RI-VAP Runway Incursion — VVehicle, Aircraft or Person
SEC Security Related
TURB Turbulence Encounter
400 For a complete description go to: http:/Awww.intlaviationstandards_org/
156 (69) 225(0
©) 154 (38)
B ﬁ I:I ﬁ [ =
=0 1(7) 4(0) 1(2)
0 D D =
LOC-I CFIT RE (Landing) UNK MAC SCF-NP  RE (Takeoff) OTHR WSTRW FUEL RAMP F-NI SCF-PP
+ARC
Number of +USOS
fatal accidents
(79 total)—» 18 18 15 B 2 1 5 2 1 1 8 2 2
Note: Principal categories as assigned by CAST.
22

2011 STATISTICAL SUMMARY, JULY 2012 Copyright © 2012 Boeing. All rights reserved.
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S Advisory

US Department

f - I
gl Circular
Subject: PILOT'S SPATI AL DISORIENTATION Date: 2/9/83 AC No: 60-LA

Initiated by: AFO-8.,0 Change:

1. PURPOSE. To acquaint pilots with the hazards of disorientation caused by loss
of wvisual reference with the surface.

2. CANCEILLATION. Advisory Circular é0-4, Pilot's Spatial Disorientation, dated
February 9, 1965, is canceled.

3. DISCUSSION.

a. The attitude of an aircraft is generally determined by reference to the
natural horizon or other visual references with the surface. If neither horizon
nor surface references exist, the attitude of an aircraft must be determined by
artificial means from the flight instruments. Sight, supported by other senses,
allows the pilot to maintain orientation. However, during periods of low visi-
bility, the supporting senses sometimes conflict with what is seen. When this
happens, a pilot is particularly vulnerable to disorientation. The degree of
disorientation may vary considerably with individual pilots. Spatial disorients-—
tion to a pilot means simply the inability to tell which way is "up."

be. During a recent 5-—year period, there were almost 500 spatial disorients-—
tion accidents in the United States. Tragically, such accidents resulted in
fatalities over 90 percent of the time.

c. Tests conducted with qualified instrument pilots indicate that it can
take as much as 35 seconds to establish full comtrol by instruments after the
loss of wvisual reference with the surface. When another large group of pilots
were asked to identify what types of spatial disorientation incidents they had
personally experienced, the five most common illusions reported were: 60 percent
had a sensation that one wing was low although wings were level; 45 percent had,
on leveling after banking, tended to bank in opposite direction; 39 percent had
felt as if straight and level when in a turn; 34 percent had become confused in
attempting to mix '"comtact®™ and instrument cues; and 29 percent had, on recovery
from steep climbing turn, felt to be turning in opposite direction.

d. Surface references and the natural horizon may at times become obscured,
although visibility may be above visual flight rule minimums. Lack of natural
horizon or surface reference is common on overwater flights, at night, and
especially at night in extremely sparsely populated areas, or in low visibility I
conditions. A sloping cloud formation, an obscured horizon, a dark sScene spread
with ground lights and stars, and certain geometric patterms of ground lights
can provide inaccurate visual information for aligning the aircraft correctly
with the actual horizon. The disoriented piloct may place the aircraft in a
dangerous attitude. Other factors which contribute to disorientation are
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4. RECOMMENDED ACTION.

a. Youy the pilot, should understand the elements contributing to spatial
disorientation so as to prevent loss of aircraft control if these conditions are
inadvertently encountered.

b. The following are certain basic steps which should assist materially in
preventing spatial disorientation.

(1) Before you fly with less than 3 miles visibility, obtain training and
maintain proficiency in aircraft control by reference to instruments.

(2) When flying at night or in reduced visibility, use your flight
instruments, in conjunction with visual references.

(3) Maintain night currency if you intend to fly at night. Include cross—
country and local operations at different airports.

(4) Study and become familiar with unique geographical conditions in ereas
in which you intend to operate.

(5) Check weather forecasts before departure, en route, and at destination.
Be alert for weather deterioration.

(6) Do not attempt visual flight rule flight when there is a possibility of
getting trapped in deteriorating weather.

(7) Rely on instrument indications unless the natural horizon or surface
reference is clearly visible.

5. CONCLUSION. You and only you have full knowledge of your limitations. Know
these limitations and be guided by them,

5,44/ | \!

KENNETH S. HUNT
Director of Flight Operations
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Mid-Level “Requirements”
Upset and Loss-of-Control Events in Transport Airplanes, 1993-2007

Lambregts, A.A,, et. al., “Airplane Upsets: Old Problem, New Issues, AIAA Paper 2008-6867,
AlAA Modeling and Simulation Conference, Honolulu, HI, 2008

Undetermined

Stall

Atmospheric
disturbance

75 events

_ 3261 fatalities
Contaminated

airfoil

| Disorientation
Fu

Flight control
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Analysis of 126 Accidents with 6087 Fatalities
from 1979 — 2009 (30

Years)

Detailed Analysis of LOC Sequences

(52 Unique Seguences
|dentified)

7-10 Generalized Sequences > 85% Accidents/Fatalities

Vehicle Problem / External Hazard
Inappropriate Crew Response
- Vehicle Upset

LOC Precursor Sequence:
 Vehicle Impairment, Fault, Failure, Damage
» External Hazard or Disturbance
» Poor Situational Awareness / Distraction
« Spatial Disorientation (Poor Visibility)
Mode Confusion (System Complexity)

Tl
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Pistes

e Formation pratique des instructeurs ?
 Vidéo de revision en 3D (IASA)?

o Exercices de sensibilisation au simulateur ?
e Revisions dans les ECP ou cours ?

» Passage de connaissances tres théorigues en
mécanigue du vol = maitrise enveloppe ?

e Guide de bonnes pratiques ?
 Initiation au simulateur ?
 Affiches de promotion de la securité ?
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Thanks for your attention

~——

-

«Learn from the gaps done by each other !
Because

you will never live long enough to make them all...»

Sam Levenson
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