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Major Accidents by Decade

Worldwide Commerdial Jets
1960 to 2009
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Loss of Control Major Accidents
Commercial Jets
1999 through 2010
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e typical LOC accidents
and

~  Cause Factors
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Stall duringrhighraltitude cruise:

VVestCarrinean MD-82. Venezuela 2005 — highraltittioe sta

(ComReemer) — climbed rapidly. from.@,’l,pm o) 33-0@'&'
10 21V/Q) BI'TS altitude  couldinot be sustained — on autopilot
hichrgradually ited themnese; te hold altitude until AR

WISENGaGEdand A/C entered astall:

3 an_r]e utlng cause factors: Let A/S drop to stall speed -
ipropersstall recovery - A/C held with aft stick in deep
JN}J W\ ith engine climb power until crashing — limited
Iedge

—*“‘ WTrance A330. South Atlantic 2009 - high altitude stall

== after less of IAS (coffin corner) — A/C held with aft stick in a

- deep stall with engine climb power until it crashed in the
Sea.

- Contributing cause factors: Lost A/S — not controlling
attitude — allowed the A/C to stall — improper stall recovery
— A/C held in deep stall and climb power — limited

8
kﬂOWl@dge. SETP LOC seminar Salzburg 19-21 November 2012 Knut Lande



Stallpduring Approach:

| -~
Colgan Air DHC-8- Q4OO Buffalo USA 2009 — stall during
r|r)r)er|JJ='\\r‘ t'troughrstick 'shaker atr W"“
Gentributing cause factors: Improper stall recovery -
overrg'g, pusher (by pulling) and entered a fatal
Spin to the right — limited knowledge.

-

o-

urklsh Airlines B737-800. Amsterdam 2009 — stall during
= flnaI approach on autopilot with one rad alt malfunction —
~  stick shaker at 460 feet.

- Contributing cause factors: Improper stall recovery — too
late recovery actions — limited knowledge.

‘—-—
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> Commercial’Fairehild SA226-Ti(B) Merlin. Sotra, 2008: Skill
JiESAi Candidate, Instructor and CAA FI| iNeh
RrJL,Jc‘-‘T‘ approach torstall” W|th foc IRIMUM

''''

Jl-\(\r rj\/JrAr . apjrarae ":‘":- U] re Iﬂmml—-—-‘
> VJr]J}G utlng cause factors: Practiced approach to stall with

SHEKS ’); isher deactivated - lack of knowledge.
o) ,//W aibnino/Luftfart/Rapporter/2011-40

slvate Clrrus SR20. Sirdal 2010. On AP - flight into clouds

_,:eiv\?th turbulence and icing — AP cut-out — pilot disorientated

~ and lost control - airplane entered spiral dive — pilot
depleyed BRS parachute successfully.

- Contributing cause factors: Unable to maintain manual
control - lack of knowledge.
nttp://www.aibn.no/Luftfart/Rapporter/2012-01-eng
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ACCIUENHINVESHYEHBHSH

j\/]g-)_:;"r.l_(”c cidents are labeled «Pilot/HumanrError»
PIGIESSOSIuey Dekkersofifers twowiews,onHER2 —
Thia Ol Viayg <Human error s a c‘ause of:trouble» (bad Apple Theory)

Tra Nayw Viswe: «altiirzlrl 2rror 15 2 svraer) oF rrotjo)e elze enlnsiaesa Syster».
OIESsIMNEINES Reason, 1997:

«Tre Ofggmj_-/,a?" [moael views human error more.as a conseguence than as

BEISERE T OrSiale the symptoms that reveal the presence. of latent conditions
i if12 3 /"r-' -‘f‘large>>

Dr, JJU@ ‘Bennett, 2012:

“Malfur ct/Dns are to be expected in aircraft, by virtue of their interactive

56’5HJ’I-/-71€XII)/, tight coupling and risk-and-error-prone operating environment. In
the risk-laden world of aviation the pilot is the last line of defense”.

In modern accident investigation theory Human Error Is not considered a cause
of accident, but a symptom of systemic weakness.

LOC accidents have several underlying cause factors — Organizational Accidents

" - c 11
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Ivlax g Turn - Graph of Load Factor
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STALL AND MACH BUFFET BOUNDARIES
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Stalls can occur when

performing a variety
maneuvers

The wing does not know
about airplane attitude or
airspeed

%_ \ The deciding factor is the

critical/stall angle of attack

The wing stops flying when
the stall angle of attack is
exceeded

Deep Stall

: \N ’:,‘_/

Result = Stall (and possible
LOC )

Required = Angle of Attack
Indicator

. . 17
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S kalINECOVEINE . *
| - R D
JAREZECS: « As soon astilielaeroplane is stalled, recover by normal

—

ecoyery technigue.»

o i

A“‘Q S

S
WIELNIS T F;mal ecovery technique?

"'t.'

“Unstall smoothly increase power to increase airspeed and
“minimize loss of altitude”

NTPS: “Unstall, let airspeed increase to at least 1.2Vs before
Increasing power, recover”

(or, “unstall, delay power for 2 sec and increase power in 2
Sec, recover”).

g 4 SETP LOC seminar Salzburg 19-21 November 2012 Knut Lande 18
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D A1

a?Efn,’)n: S/S5aUring recovery. S_/"IOU/CWM)/’
reduicerangle or attac%ﬁd,feturn the ait to. a safe
fyirie) gaglelitieek

WRELUCIg angleror attack as thelirst and most Important
IespoIsen the recovery”.

"-

———

R,
E <

) 'ff'nose down pitch control to reduce AOA”.

v

&= “Tests show that while applying full thrust at stall warning

L —

—  While maintaining altitude can contribute to reaching full

i e

~ —stall conditions”.

“Civilian pilots and even turboprop military pilots are not
familiar with high Mach buffet”.

“Stall recovery training is possible in FFS.”
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IME epMmMent OVer: time: B
—

Aler JAR ECL mtroduﬁenli.the CONCEP proach. to stall
esoverny» \We have seenia gradual tendency to
(mdl),)r,):r,r\ StallNecover reomrstalINWarnma by ape ymg‘
Elim)power: and focusing on «minimum altitude /055

R,
x_.

v-result in increased AOA and unintentional full stall
C

- aso pposed to traditional

"
—

= «Sta// Recovery» at the Stall/G-break/pitch down/pusher
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omeaircraliserereguipped with artificial stall warning (shaker —

analeruiicial stall break/nose drop (pusher). |
In US NAVEACANSEER been-lﬂﬂse since therea “days:

[
[ l"\jzll

I USA \J,\ as introduced in some «d|ff|cult» A/C types during
I.)JJDJ‘-“ EX ‘j' 04. -

as AOA ex F-16.

mg staII training with «pusher» A/C, activation of «pusher» Is
the artificial «stall» which must trigger recovery action.

More accurate flying by AOA. We may control A/C by using AOA.

Indicated Airspeed (actually EAS) Is just an aerodynamic reference

associated Wlth air|0ads_ SETP LOC seminar Salzburg 19-21 21
November 2012 Knut Lande
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. Deep stall

Uncontrollable
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Artificial Stall

!

Stick pusher*

L |
Stall waming
| i
F
T
e TR -
L gcC :
=" s —,EE‘E_—-- Sy
— __.;__—q.___- I -
Aerodynamic stall
(i.e.,crtical angle of attack)

Angle of attack

~
Approach to Stall  Stalled

* Stick pusher i instalied
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NORMAL RANGE STALL

1.5
G,
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NOSE-UP ELEVATOR
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SMALL RADIUS

<

3 g / L f:\
HIGH ANGLE :
OF ATTACK
’> 1. APPLY FULL OPPOSITE RUDDER BRISKLY.

2. HESITATE MOMENTARILY, THEN
MOVE THE STICK FORWARD
BRISKLY BEYOND THE NEUTRAL
POSITION.

3. HOLD THE CONTROLS IN THESE
POSITIONS AGAINST THE SPIN UNTIL THE
SPINNING STOPS. THEN NEUTRALIZE THE
RUDDER AND ELEVATOR, RECOVER FROM THE
RESULTING DIVE, AND ASSUME LEVEL FLIGHT.

CENTER
LINE
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~ (angle of attack is higher than
| stall angle of attack)

e
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--"’:“O (yaw input — uncoordinated flight)
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than stall angle of attack)

~ 3.Cm, <0 (negativ pitching courve)
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DEVElopments in Flight Displays
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CKPIT ARRANGEMENT (TYPICAL)
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Djlot mformatlon cueing channels:.

Auditory

Peripheral
/ Visual

Tactile
4—> PILOT g Central
[ | Visual
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The series pilot model

l PILOT !

! Desired  Flight i }/

, Flight Path : / Attitude Attitude : . |! Control

: Path Error Pilot Action Command Error Pilot Action : Inceptor Augmented >
: il G, ) % V) e i ) Aircraft —>
Ll Ye | Flight Path c e Attitude  |! e 9

R I T T i
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DEVElopments in Pilot Education

-
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“ATTITUDE ATTITUDE
INDICATOR INDICATOR

VERTICAL
SPEED ALTIMETER AIRSPEED ALTIMETER AIRSPEED
INDICATOR INDICATOR INDICATOR INDICATOR

Pitch instruments interpreted in a climb Pitch instruments inferpreted in o descent

ATTITUDE A1TITUDE
INDICATOR INDICATOR

TURN & BANK

TURN & BANK HEADING HEADING
INDICATOR

INDICATOR INDICATOR INDICATOR

Bank instruments interprefed in a right turn Bank instruments interpreted in a left turn

i SETP LOC seminar Salzburg 19-21
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LandAviaz

INSTRUMENT CATEGORIES

Instruments can be divided into three general categories.

THE THE
NAVIGATION CONTROL
INSTRUMENTS INSTRUMENTS

%;

)1(‘

upP ACY
£ cLy

THE
PERFORMANCE
INSTRUMENTS

Figure 7-2.
Instrument Categories:
Control-Performance-Navigation
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1 MAINTAIN
2R 2 XN | INDICATIONS
:_l.l‘Mt': : CONSTANT

"'9“./

5 ApDJuUST

attitude, power,
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A direct
control response to
the PERFORMANCE
INSTRUMENTS without
proper reference to the
CONTROL INSTRUMENTS
may result in
useless chasing of
instrument
indications

CONTROL
INSTRUMENTS

Predetermine definite
indications to be
held or established
on the CONTROL
INSTRUMENTS

e SETP LOC seminar Salzburg 19-21 November 2012 Knut Lande
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Deepstall
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P AnJ};L conflg stall recovery
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| f rn stall recovery

-

—

>  Deep stall control and recovery
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Summealry. -
AGlgliiRsaiety IS lncreased to a very high Iev| @pbw

WINGE improved. -

\A e —

T e

:)
SNINE Inslgre ements,areamainly airesultfromimproyved..
flie Jnr J\ Iays and technology (Navigation Displays).
- [rig eology on the other hand, has reduced
r)JJJr |I|ty 0. manually control the aircraft in
= un Lk ual attitudes (Flight Displays/Controls).
Jﬁé baS|c pilot education seems to have
-decllned over time (Academics/Full Stall Recovery
~ Training).
® Further improvements in flight safety requires
Improvements in basic pilot education and trainingz.

——_

;,\
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Ihank you for your attention

P
S

Questions?
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