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Introduction

« Generally accepted definitions of LOC-I lack clarity and
detail

* A clear and comprehensive definition is fundamental to
the development of future intervention strategies for
prevention, recognition and recovery

 An FDM/FOQA programme including LOC-I requires
detailed, unambiguous (event) data-driven definition to
identify pre-cursors
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Statistics
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Turboprop aircraft had a significantly higher average rate of LOC-I (0.68 per million flights) when
compared to Commercial Jets (0.09)
(Turboprops generally operate at lower height AGL and at slower speeds and are more
susceptible to environmental factors such as icing/gust disturbance
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LOC-I Definitions®....
flightpath

control

refers @erodynamic-stalls
following controlled manlfestatlnn

failur
envelnpe unable crew
Includes including
unintended Wh IFIIeht g Inﬂlght
8N ysual fftudes

SUENE path ground uperatmnal

events maintain systems upsets
accidents resulting
significant unrecoverable

INntended separwre
deviation aircraft

*Based on IATA, JSAT, EASA, CICTT Definitions I 0 S S
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Previous Studies — Causal Factors

Human Induced

Manual handling
errors

Poor Energy
Management

Automation Effects
On Human Induced
Loss-Of-Control

Systems Induced
— Poor systems design

— Poor energy
management

— Poor redundancy
management

— Autopilot modes leading
to loss of control

Externally Induced

Icing

Turbulence
Degrading Visibility
Heavy Rain

Low-Level
Windshear

— Spatial — Erroneous sensor data
Disorientation — Pilot induced oscillation
— Improper — Loss of control power,
Procedures authority, or effectiveness
— Display errors
— Propulsion system faults/
failures/damage
— Fire
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Previous Studies 3Cs

Causal & Contributing Factors

r * Adverse onboard conditions:
—wehicle impairment

» Inappropriate wehscke conflguration,
comtaminated airfod, imgroper loading, wehicka
darmage 1o airframse and engines

—system faults, failures, and errors

% Comtral componand, enpine, seror system, flight
deck instrumentatson, mon-control component

=inappropriate crew action / inaction

% Loss of sircraft attitude, =nergy, or system state
AWAreness, aggnessive maneweer, abnormal
contral input, ineffective recowery, improper
procedune, crew fatigee f impairment

* External hazards and disturbances:
= inclement weather & atmospheric disturbances

% wirdd shear, turbulencs, raan / thunderstorms,
smow f icing, wake wortices

= poor vislbllity (fog / haze, night}
—obstacle ||:i:w|:! O mr_wing|
* Abnormal dynamics & vehicle upsets:
= ahnaormal vehide dynamics & control responss

—abrormal attitede, airspeed, angular rates,
adyrrmetric foroed, o flight trapect oy

—uncontrolfed descent {including spiral dive)
bh.. =stall/departura from contral ked I'|i-,5_h|:

N\

-~
1.

Primary
Causes

Entry into vehicle
upset condition
{e.g., Stall /
Departure)

Reduction or loss
af contral
effectivenass

Changes to vehicle
dynamic response
and handling /
flying qualities
[including
asymmetric

effects)

Combinations of
the above (1-3)

A

L
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LOC
Characteristics

(-i-ll:: aircraft motion that is -\1

characterized by one or more of
the following: -2

¢ putside normal envelopes (adjusted
for flight phas=)

» mot predictably altered by

pitot control inputs (Le, aircraft

response is 2 longer predictable o

the pilod)

characterized by nonlinear affects

that dagrade handng qualinies

kinematic / inertial coupling

disproportionately lange
responses 1o small state variable
Changes,

- oecillstory § divergent hehavior

-

likedy to result in hagh angular rates /
displacements,

characterized by the inahility to
maintain hrading, altinsde, ard
wings-lewel Flight

flight path = outsde of acceptable
tracking tolerances and cannot be
predictably controlled by pilot [or
autoflight system) mputs

-

k_r-l‘-l.'-l.-: LOC need not e whres w:r-:ll.rly
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Pre-cursors to Stick Shaker Activation
Event Analysis (2008-2012)

Incorrect FMC/stall warning system settings
Associated system malfunction

- Speed brake - extended

Icing conditions

Moderate or large pitch angle

Moderate or large bank angle

- Crew distraction or operational deviation
Turbulence/gust/windshear

- Flap/slat transit - retracting

- Flap/slats - extended

Rapid airspeed fluctuations

Rapid change in bank rate

 Rapid change in pitch rate

Airspeed close to Vmin
Autopilot-initiated flight path correction
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Control - Human (Pilot) in the Loop

( MCDU l Outer Loop (60s)
| Fignivan |
( eIt ] Middle Loop (15s)

(Guidance/
L Flight Director)

Pilot
Controls Control Aircraft 1
(Primary & Systems J
Secondary)
Estimation /
Compensation

Inner Loop

. A +
LD (AL Human Pilot Human Pilot Human Pilot l (0.55+)
ARGl Decision P ti Sensi
Action erception ensing J
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Manual Control (Inner Loop)

FLYING QUALITY FACTORS

Stability & .
. . y Aircraft Task
Task Pilot Cockpit Interface Control .
L Environment Performance
Characteristics
VISUAL CUES
External (Horizon) |«
Internal (Instr.)
AURAL CUES
Engine Noise <
External Airflow
-
FDM
MOTION CU
Balance
Acceleration
TACTILE &
PROPRIOCEPT
CUES
Stick Force
Stick Displacement
Stick Vibration FDM {
v N
TASK STABILITY &
. PRIMARY AIRCRAFT TASK
Primary Task PILOT » » CONTROL >
Secondary Task NT/ vd CHARS. MOVEMENT PERFORMANCE
FOM <
Y Y
FDMLZ
STRESS AERUF'U‘Lt\/ NVIRONMENTAL
D|st|"act|on SECONDARY STATE ) STATE
Surprise from > CONTRO »| Normal or Failure Day/Night Wea
Disturbance or ‘\/\//E__Z Configuration Turbulenc 5
Failure S Wt & Balance Wind Shear FDM
isibility
FDM V' 'b'l'
Crosswind
CHANGE OF round Proximity
STATE irspeed etc.
Dynamics ‘ c, e t
Failure l I V n
Universl

| PILOT CONTROL LOOPS

DT
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Intended Flightpath

“Angle of attack (AOA) is the angle between the oncoming air
or relative wind and a reference line

on the aircraft or wing.”
a — 0 — y N
Angle of Pitch angle Flight path angle : N\%\-_ " -
attack < ,...-"""--' H
: N yect®)

“= e\ Pitch angle
Y

\i“g‘l\t pe
Flight path angle
(still air)

Horizon
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Stalls & Flight Regimes (Jet Transport)

In Control
Loss of Control
1.6
14
1.2 - -
1st lift
Normal peak, Dep.
1 Flight - Ios-s of ‘-post-s.tall-
= lift, gyrations
2 porpois- incipient
) 0.8 s loss - 5 N
£ : ing, loss  spin
S of Ior'wg.
& & dir.
= 0.6 - -
= Un- Stability,
steady adverse
0.4 effects yaw ) )
: e.g. 2nd lift peak, deep stall, spin, super-
buffet manoeuvrability
0.2 ving .
drop /
rock)
0 i i i i : : :
0 10 20 30 40 50 60 70 80 90
[EETBEE;UTY Angle of Attack (deg)
& TRANSPORT

Source: Adapted from Stengel
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Reference Axis definitions

....Stabilty &
Control needs
consideration not
only in Pitch but
also in Roll & Yaw
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Upsets

 Pitch Attitude
— <10 deg Nose Down or
— > 25 deg Nose Up
 Bank Angle > 45 deg

* Flight within the above but at
airspeeds inappropriate for
conditions

But what about:-
* Alpha/Beta?
* Rate of change of Pitch/Roll/ Yaw?

MOBILITY &= &
&TRANSPORT

Source: FAA URTA & Boeing © Mike Bromfield 2017

25° NOSE UP

10° NOSE DOWN

45° BANK ANGLE
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Recap/Summary

“Triggers”
Intentional or “Recovery Factors”
Unintentional
Manual Pilot
Input
Correct
. recognition
Automatlon i (State/Situation _T
(Flight _* Awareness)
Mgt/Flight
Director)
Correct
Stall ) L Recovery .
Method
Applied
Automation Controlled
Failure 7 Flight
Unusual
—_ Attitude Sufficient
(Pitch/ Roll / > Height above >
Yaw) Terrain (Time)
Systems or
Controls —>
Failure
Sufficient
Powerplant > Control —>
Partial/Full —> Authority
Failure
Environmental ., Covent

Factors
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Revised Definition?

« Deviation from intended flight path such that the safety of crew,
passengers & aircraft is significantly threatened
 Maybe triggered by:-
— intentional or unintentional manual pilot control input
— automation (Flight Mgt. or Flight Director)
— automation and/or system(s) failure
— environmental factor(s)
— or any combination of the above
* Resulting in a:-
— Unusual attitude in pitch, roll, yaw or any combination or
— Full aerodynamic stall, asymmetric stall or tail stall

« That maybe recoverable if:-
— recognised by the crew (SA) given
— sufficient height above terrain &

=mee  — SUfficient pitch, roll & yaw control authority (controllability) ‘
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