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Loss of Control In Flight — time to re-define?
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Loss of Control In Flight has been the primary fatal accident category for all sectors of aviation
and all types of airplane, around the world for the past 55 years. Although accident rates for
commercial jets have decreased from 11 fatal accidents per million departures in 1960 to less than 0.3
in 2015, Loss of Control In Flight continues to dominate the statistics. Highly publicised accidents
such as Air France 447 have raised public awareness of Loss of Control In Flight. This and other
high profile events, have motivated airplane manufacturers, pilot training organisations, flight
simulator manufacturers, research institutions and regulators to intervene. Before intervention, a
clear definition of the event is required. Current definitions are limited to non-recoverable events and
the majority of previous studies have concentrated on fatal events only. This is a missed opportunity
to learn lessons from near misses and recorded flight data to enhance prevention and recovery
strategies. This paper presents a revised definition of Loss of Control In Flight, considering it as a
recoverable event extending the it to consider prevention and recovery factors.
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AAIB
AAIU
ATSB
AOA
BEA
CAST
ICAO
CICTT
EASA
FDM
FOQA
IATA
JSAT
LOC-I
NASA
NTSB
TSB
Vimin

l. Nomenclature

UK Air Accidents Investigation Branch

Irish Air Accident Investigation Unit
Australian Transport Safety Bureau

Angle of Attack [deg]

French Bureau d’Enquétes et d’ Analyses pour la sécurité de I’ Aviation civile
Commercial Aviation Safety Team
International Civil Aviation Organisation
CAST / ICAO Common Taxonomy Team
European Aviation Safety Agency

Flight Data Monitoring

Flight Operations Quality Assurance
International Air Transport Association

Joint Safety Analysis Team

Loss of Control — In Flight

National Aeronautics and Space Administration
US National Transportation Safety Board
Canadian Transportation Safety Board

Minimum airspeed for safe flight [kts]



1. Introduction

Loss of Control In Flight (LOC-I) has been the primary fatal accident category for all sectors of aviation and all types
of airplane, around the world for the past 55 years *. Although accident rates for commercial jets have decreased
from 11 fatal accidents per million departures in 1960 to less than 0.3 in 2015, LOC-I continues to dominate the
statistics. Highly publicised accidents such as Air France 447, which crashed into the Atlantic Ocean during a flight
from Rio de Janeiro, Brazil, to Paris, France in 2009, have raised public awareness of LOC-I 2. This and other tragic
high-profile LOC-I events have motivated airplane manufacturers, pilot training organisations, flight simulator
manufacturers, research institutions and regulators to try to identify interventions, including training and technology,
to prevent LOC-I events or to enable recovery from them.

In LOC-I accident statistics, turbo-propeller aircraft are often overlooked 2 and these types of aircraft have a
significantly higher average rate of LOC-I (0.68 per million flights) when compared to commercial jets (0.09) by
IATA over a continuous 5 year period (Error! Reference source not found.). This is probably due to the different
inherent stability and control characteristics of these airplane and the environment in which they operate. Turbo-
propeller aircraft typically operate at lower heights above ground level and at slower airspeeds relative to commercial
jets. They are also more susceptible to environmental factors such as icing and wind gusts and turbulence due to
lower wing loading.
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Figure 1, Commercial Jet/Turboprop LOC-1 Accident Rates *



Current definitions of LOC-1 456 are insufficiently detailed to enable researchers or practitioners to identify proper
safety interventions (Table 1). Most definitions consider LOC-I events as fatal, and non-recoverable and exclude
events where control was regained excluding potentially valuable information to inform safety interventions or
recovery procedures. From a review of previous work and evidenced-based reports, several key insights can be
gleaned that may lead to a framework that can guide researchers and practitioners toward possible interventions, before
and after the event. A clear and comprehensive definition is fundamental to the development of intervention strategies
for prevention, recognition and recovery. LOC-I is highly complex, as evidenced by the diverse range of causal and
contributory factors.

Table 1, Comparison of Definitions of Loss of Control In Flight
Organisation  Definition

IATAS “LOC-I refers to accidents in which the flight crew was unable to maintain control of the
airplane in flight, resulting in an unrecoverable deviation from the intended flight path.”

JSAT * “Loss of control to includes significant, unintended departure of the airplane from controlled
flight, the operational envelope, or usual flight attitudes, including ground events.”

CICTTS® “Loss of Airplane control while, or deviation from intended flight path, in flight. Loss of
control in flight is an extreme manifestation of a deviation from intended flight path.”

EASA © “Loss of control in flight is loss of airplane control while, or deviation from intended flight
path, in flight. Loss of control in flight is an extreme manifestation of a deviation from
intended flight path.”

Many of the definitions include common terms including — “unable to maintain control,” “loss of control,” “unintended
departure from controlled flightpath/operational envelope,” “Extreme manifestation of deviation from intended
flightpath” etc.

1. Method

Previous work in the field was reviewed "#°1011 in conjunction with selected evidenced-based reports *2 to identify
the principal categories of causal/contributing factors or ‘triggers.” Jacobson®3 reviewed information relating to LOC-
| accidents: from statistical data; individual accident reports, meta-analyses and industry stakeholders. Using this
information, major causal factors were highlighted resulting in the highest number of loss of control accidents. Three
major groups of causal factors were identified human induced, systems induced and externally induced (Figure 2).
Jacobson concluded that LOC-1 accidents are usually a combination of causal contributory factors and rarely a single
factor in isolation. Human induced LOC-I is dominant, and emphasis should be placed on prevention rather that
recovery. That said Jacobson promotes an holistic approach encompassing both prevention (by means of improved
training, technology and information) and recovery (by means of training).
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Figure 2, Major Causal/Contributory Factors to LoC-13

Wilburn & Foster'* attempted to define LOC-I using quantitative measures. Quantitative metrics to assess whether
or not LOC-I was a factor in an event was used to determine the onset of LOC-I and the severity. They considered
the airplane operating flight dynamics, aerodynamics, structural integrity and flight control inputs. The suggest that
the excursion of three or more operational envelopes (e.g. alpha, beta, airspeed) is confirmation that a LOC-I event
took place. These metrics are all output parameters and of little use to guide appropriate safety interventions.

Belcastro® identified LOC-I hazards and extended these to include vehicle impairment conditions, external
disturbances; vehicle upset conditions and inappropriate human (crew) actions or responses. The emphasis was on
guidance and navigation systems but also considers recovery factors. Key human factor related contributory factors
were poor situation awareness/distraction, spatial disorientation (poor visibility) and automation mode confusion
(system complexity).

With respect to the use of flight safety technologies for the prevention of LOC-I, Belcastro® highlighted the challenges
faced with validation due to the range of hazards, often occurring in combination, which cannot be fully replicated
during evaluations. Belcastro emphasised that the introduction of new technologies should not introduce new safety
risks and proposed a validation framework for safety-critical systems together with an overview of validation methods
and tools developed by NASA with a suggested set of test scenarios for the validation of technologies for LOC-I
prevention and recovery.



Key
Characteristics

Generally, LOC is described
as motion that is:

outside the normal operating
flight envelopes

not predictably altered by
pilot control inputs

characterized by nonlinear
effects, such as kinematic /
inertial coupling,

disproportionately large
responses to small state
variable changes, or
oscillatory/divergent behavior

likely to result in high angular
rates and displacements

characterized by the inability
to maintain heading, altitude,
and wings-level flight

Primary
Causes

. Entryinto Vehicle

Upset Condition

. Reduction orLoss

of Control Power/
Effectiveness

. Changes to Vehicle <

Dynamic Response
and Handling/Flying
Qualities

. Combinations of

the above (1-3)

Causal &
Contributing Factors

* Adverse onboard conditions:
—vehicle impairment

» inappropriate vehicle configuration, contaminated airfoil,
and improper vehicle loading

—system faults, failures, and errors

» resulting from design flaws, software errors, orimproper
maintenance actions

—vehicle damage to airframe and engines

» resulting from fatigue cracks, foreign objects, overstress
during upsets or upset recovery, etc.

—inappropriate crew response

» including pilot-induced oscillations, spatial disorientation,
poor energy management, mode confusion, ineffective
recoveries, crew impairment, and failures to take
appropriate actions

* External hazards and disturbances:

— poor visibility

—wake vortices

—wind shear, turbulence, and thunderstorms

—snow and icing conditions

—abrupt maneuvers for obstacle avoidance or collisions
« Vehicle upsets:

—abnormal attitude

—abnormal airspeed, angular rates, or asymmetric forces

—abnormal flight trajectory

—uncontrolled descent (including spiral dive)

\ — stall/departure from controlled flight

Figure 3, LOC key characteristics, primary causes, and causal & contributing factors®

Belcastro® further extended this work to link cause-effects of LOC-1. Causal and contributory factors lead to primary
causes which in turn leads to key characteristics of LOC-I. This model gives insight into human factor considerations
for ‘pilot in the loop’ control of the airplane, affected by control power effectiveness, vehicle dynamic response and
handling/flying qualities. However, the ‘pilot in the loop” model is not explicitly referred.



- 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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Figure 4, Cross-plot of pre-cursors to stall warning events reported to ATSB, 2008 to 2012*?

Selected meta analyses reports focussing on non-fatal events were reviewed to provide further insight into LOC-I
causal and contributory factors. An ATSB study of accident/incident reports in Australia for stall warnings in high
capacity airplanes'? used FOQA/FDM data associated with stall warning events to identify common pre-cursors
(Figure 4). The report highlighted pre-cursors associated with automation, environmental conditions, moderate or
large airplane attitudes, rapid changes in pitch/roll rates (g-loading), airspeeds close to Vmin aircraft configuration,
crew distraction or operational deviation. A cross-plot of pre-cursors for stall warnings showed that turbulence, gusts
and or windshear had a profound effect on the number of stall warning events recorded.

In line with the generally accepted definition of an upset — “an airplane in flight unintentionally exceeding the
parameters normally experienced in line operations or training,” Fucke et al*® defined the relationship between
different types of upsets. Upset situations are dynamic and conditions may change quickly with the airplane
alternating between different types of upsets depending upon pilots’ action/inaction and external environmental
factors.



V. Discussion of Results

A critical review of current definitions for LOC-I was conducted in combination with a review of previous analyses
of causal, contributory factors and characteristics.  This has resulted in a LOC-I framework to inform safety
interventions pre and post-event and this has informed the re-definition of LOC-I.

A. LOC-I Framework

The review of previous work in the field and evidenced-based meta-analysis of non-fatal events stall warning events
identified six principle categories of contributing factors or ‘triggers.” These may be summarised as: intentional and
unintentional pilot control inputs, working and non-working automation, part and full-systems or powerplant failure
and environmental factors such as turbulence, gusts and windshear. These ‘triggers’ can be considered as pre-cursors
to an upset and/or stall and mishandled recovery can result in the airplane alternating between a stall and an upset
condition. If these conditions are unchecked then the consequence can be a departure from controlled flight resulting
in LOC-I (Figure 5).

The general assumption, that LOC-I is an unrecoverable event fails to consider those events where successful recovery
strategies were adopted and airplanes returned to controlled flight. There are five possible factors that may influence
recovery to controlled flight, all of which are necessary to effect a successful outcome. These are: correct recognition
of the situation and comprehension of the airplane and automation state (sensing/perception), followed by manual or
automated application of an appropriate (context sensitive) recovery method (decision/action). However, for the
recovery method to be successful, sufficient height above surrounding terrain is necessary in combination with
sufficient control authority for recovery within the airplane’s structural design limits. If all five are present/possible
then the airplane will be returned to controlled flight (Figure 5).
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Figure 5, LOC-I Framework - Triggers & Recovery Factors'®



B. Re-definition of LOC-I

Most current definitions of LOC-I1 also consider it to be an unrecoverable event, however, valuable lessons can be
learned from non-fatal events where aircrew are able to supplement flight data with qualitative data. Some non-fatal
events have resulted in exceeding the airplanes’ structural design limits making them in some cases beyond economic
repair, however crews were able to effect a successful outcome. FDM/FOQA programmes may also provide useful
data in relation to pre-cursors to LOC-1'2, LOC-I is a fundamental control problem involving human in the loop and
human-systems integration challenges requiring an understanding of human sensing, perception, decision and action
is required.

In summary, based upon the newly developed LOC-I framework, the proposed re-definition of Loss of Control In
flight is:-

“A deviation from intended flight path such that the safety of crew, passengers & airplane is significantly threatened.
This may be 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:-
— unusual attitude in pitch, roll, yaw or any combination or
—  full aerodynamic stall, asymmetric stall or tail stall.
that may be recoverable if recognized by the crew (situation awareness), given:
— sufficient height above terrain and
— sufficient pitch, roll & yaw control authority (controllability) for recovery within the airplane’s structural
design limits.”

V. Conclusions

A clear and comprehensive re-definition of LOC-I encompassing event pre-cursors and recovery factors to improve
understanding and reduce ambiguity has been proposed. Using this definition, current and past intervention strategies
can be evaluated and future intervention strategies designed for improved levels of mitigation. The definition also
includes reference to recovery factors, not previously presented. Factors have been gleaned from a review of past
research as well as incident/accident reports involving LOC-l.  An enhanced framework has been developed
consisting of six principle categories of “triggers,” that may result in in LOC-I and four principle “recovery factors,”
which are those factors that effect a successful recovery. This re-definition of LOC-I and its associated framework
will be used to inform future work with respect to the development of intervention and recovery strategies.

Acknowledgements
The authors wish to thank PhD Students Ben Everett and Thomas Milward for their contribution to the program of
LOC-I research at Coventry University that has resulted in a broader and deeper understanding of LOC-I contributory
and causal factors. The authors also wish to thank Kathy Abbott (FAA), Andrew Black (AAIB) and Knut Lande
(Landavia) for their participation in a LOC-1 panel session held during the 7th International Conference on Applied
Human Factors and Ergonomics (AHFE 2016) which highlighted the need for a clearer definition of LOC-I.



References

[1] Boeing Commercial Airplanes, “Statistical Summary of Commercial Jet Airplane Accidents. Worldwide Operations 1959 —
20157, 2016. www.skybrary.aero/bookshelf/books/3811.pdf [retrieved 14th May, 2019]

[2] BEA, “AF447 Accident Report, On the accident on 1st June 2009 to the Airbus A330-203 registered F-GZCP operated by Air
France flight AF 447 Rio de Janeiro — Paris”, July 27, 2012. www.bea.aero/docspa/2009/f-cp090601.en/pdf/f-
cp090601.en.pdf [retrieved 14th May 2019]

[3]1 TATA, “Loss of Control In-Flight. Accident Analysis Report.” 2015.
[4] JSAT, “JSAT Loss of Control. CAST Approved Final Report. Results and Analysis.”, 2000.
[5] CICTT, ‘Aviation Occurrence Categories. Definitions and Usages Notes.” Release 4.1.5., 2011.

[6] EASA (nd). ‘Loss of Control (LOC-I)” Webpage. Available online at: www.easa.europa.eu/easa-and-you/general-
aviation/flying-safely/loss-of-control [retrieved 14th May 2019].

[7] Belcastro, C. M. and Foster, J. V., 'Airplane Loss-of-Control Accident Analysis'. AIAA Guidance, Navigation and Control
Conference, 2010. https://doi.org/10.2514/6.2010-8004

[8] Belcastro, C. M. and Jacobson, S. R., ‘Future Integrated Systems Concept for Preventing Airplane Loss-of-Control
Accidents’. ATAA Guidance, Navigation and Control Conference, 2010. https://doi.org/10.2514/6.2010-8142

[9] Belcastro, C. M., ‘Loss of Control Prevention and Recovery: Onboard Guidance, Control, and Systems Technologies’. AIAA
Guidance, Navigation, and Control Conference, 2012. https://doi.org/10.2514/6.2012-4762

[10] Belcastro, C. M., ‘Validation of Safety-Critical Systems for Airplane Loss-of-Control Prevention and Recovery’. AIAA
Guidance, Navigation, and Control Conference, 2012. https://doi.org/10.2514/6.2012-4987

[11] Belcastro, C. M., Newman, R. L., Crider, D. A., Klyde, D. H., Foster, J. V., and Groff, L., 2016. 'Airplane Loss of Control:
Problem Analysis for the Development and Validation of Technology Solutions'. AIAA Guidance, Navigation, and Control
Conference, 2016. https://doi.org/10.2514/6.2016-0092

[12] ATSB, 2013. “Stall Warnings in High Capacity Airplane: The Australian Context. 2008 —2012.” Aviation Research Report
AR-2012-172.

[13] Jacobson, S.R. ‘Airplane Loss of Control Causal Factors and Mitigation Challenges,” AIAA Guidance, navigation and
control conference, 2010._https://doi.org/10.2514/6.2010-8007

[14] Wilborn, J. E., & Foster, J. F., “Defining Commercial Transport Loss of Control: A Quantitative Approach,” ATAA 2004-
4811, AIAA Atmospheric Flight Mechanics Conference, 2004. https://doi.org/10.2514/6.2004-4811

[15] Fucke,L., Groen,E., Goman, M., Abramov, N., Wentink,M., Nooij, S., Zaichik, L., & Khrabrov, A., “Final Results of the
Supra Project: Improved Simulation of Upset Recovery”, ICAS 2012, 28th International Congress of the Aeronautical
Sciences, 2012. www.icas.org/ICAS_ARCHIVE/ICAS2012/PAPERS/964.PDF [retrieved 14th May 2019]

[16] Bromfield, M.A., "Re-defining Loss of Control In Flight”, EASA European Operators Flight Data Monitoring Conference,
Cologne, Germany. June 12-13, 2017. Available at
www.easa.europa.eu/system/files/dfu/EASA_FDM_Conference_2017_Proceedings.zip [retrieved 14th May 2019].



http://www.skybrary.aero/bookshelf/books/3811.pdf
http://www.bea.aero/docspa/2009/f-cp090601.en/pdf/f-cp090601.en.pdf
http://www.bea.aero/docspa/2009/f-cp090601.en/pdf/f-cp090601.en.pdf
http://www.easa.europa.eu/easa-and-you/general-aviation/flying-safely/loss-of-control
http://www.easa.europa.eu/easa-and-you/general-aviation/flying-safely/loss-of-control
https://doi.org/10.2514/6.2010-8004
https://doi.org/10.2514/6.2010-8142
https://arc.aiaa.org/doi/book/10.2514/MGNC12
https://arc.aiaa.org/doi/book/10.2514/MGNC12
https://doi.org/10.2514/6.2012-4762
https://arc.aiaa.org/doi/book/10.2514/MGNC12
https://arc.aiaa.org/doi/book/10.2514/MGNC12
https://doi.org/10.2514/6.2012-4987
https://arc.aiaa.org/doi/book/10.2514/MGNC16
https://arc.aiaa.org/doi/book/10.2514/MGNC16
https://doi.org/10.2514/6.2016-0092
https://doi.org/10.2514/6.2010-8007
https://doi.org/10.2514/6.2004-4811
http://www.icas.org/ICAS_ARCHIVE/ICAS2012/PAPERS/964.PDF
http://www.easa.europa.eu/system/files/dfu/EASA_FDM_Conference_2017_Proceedings.zip

	Loss of Control  cs
	Loss of Control  dpdf

