Hayunblii Bectrhuk MI'TY T'A Tom 20, Ne 03, 2017
Civil Aviation High Technologies Vol. 20, No. 03, 2017

MAIIHHOCTPOEHHUE U MAILITHHOBE/IEHHE

V]IK 629.7

FATIGUE AS A HAZARDOUS FACTOR FOR FLIGHT SAFETY

A.M. LUSHKIN?, I.N. KORMILITSYNA!
Public Joint Stock Company “UTair aviation™, Moscow, Russia

The main priority of any air company activity and the main condition for its development is the achievement of the
highest flight safety level. Significant positive results in this area have been recently achieved, hence, the relative stagna-
tion of indexes, reflecting the flight safety as a condition of air transport system, has been revealed. It has become evident
that the present accident prevention philosophy seems to be exhausted, and at the current stage of development it doesn’t
allow to make a breakthrough in the solution of all the problems, which air companies face in this respect. In the perspec-
tive to find new ways to solve the existing tasks, in 2011, International Civil Aviation Organization Council adopted fatigue
risk management international standards as an alternative for the traditional approach to managing crewmember fatigue by
prescribing limits on maximum daily, monthly and yearly flight and duty hours. 1t’s a well-known fact that state of fatigue
has a special place among the functional states, which are professionally significant for airmen work and which are the key
link in “man-aircraft-environment” system.

In this article, fatigue is considered to be a risk factor that contributes to the formation and development of crew
violations and errors in the process of piloting the aircraft. We have analyzed the characteristics and reasons leading to in-
flight fatigue and estimated its influence on crew performance, considering the interrelation between them. The article
specifies the methods and techniques to measure pilots fatigue; besides it has been substantiated the necessity of fatigue
risk management system development in airlines to effectively ensure the flight safety.

Key words: flight safety, crew resource management, pilot’s error, risk factor, fatigue, fatigue risk management
system (FRMS).

INTRODUCTION

Aviation equipment is constantly improving and becoming more expensive, the airlines are
dominated by the large passenger capacity aircraft, increasing the total intensity of flights. All this in-
evitably leads to an increase in the "cost" of each accident and, especially, disaster, which consequent-
ly resulted in a closer attention to flight safety.

Most of the aviation accidents and incidents result from human actions which are considered to
be less than optimum; according to different authors, the human factor is the main reason in 75-80%
of the total number of events.

The human factor is one of the main concepts used in addressing the problem of flight safety,
and accidents and disasters have identified a practical necessity to study the actions reliability of a per-
son operating the aircraft (AC), as most aviation accidents are the result of functional errors committed
by healthy and qualified individuals.

The profession of a pilot is characterized by high psycho-emotional load, so it is accompanied
by a significant reduction in its functional reliability because of the use of the body resources. Frequent
pilots errors significantly depend on the current functional state and are complex arguments functions
describing the impact of flight conditions and living environment on the crew.

In civil aviation the most unfavorable factor of the functional state of flight crew members is
the fatigue, since it directly affects the safety of flight operations and is the most common for the pro-
fession of a pilot.

Important factors influencing the accumulation of fatigue are the geographic and climatic con-
ditions of the area: flying in mountainous terrain, in the Arctic or over the sea has a different impact on
the performance of flight crews. The flight time and time of departure (at night or during the daytime)
also have a great influence. Herewith psychological and physiological abilities of a human being are
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far from perfect; therefore, because of their biological nature the pilots are carriers of psychophysio-
logical risk factors that can be the direct cause of erroneous actions.

VIEW OF THE TOPIC

Among accidents factors there is a group "Crew members’ violations", which includes:

a) violations (omissions) in compliance with the established order and rules of the flight as-

signment;

b) Captain’s violations (errors) in piloting technique;

c) crew members’ violations (errors) in aircraft operation;

d) crew members’ carelessness in their personal preflight preparation;

e) insufficient training of crew members;

f) violations (omissions) in CRM,;

g) crew members’ violations (errors) due to performance impairment.

A characteristic feature of these categories is a manifestation of behavior and limits of psycho-
physiological capacities of a human being in providing a flight safety, as it was noticed that in the
same flight conditions, in similar situations, accidents happen not with all the pilots. Regardless of the
root causes or triggers of a dangerous situation, it remains with the crew to fix it, and, if it is a crew
member, who makes a mistake, it is only the crew, who can fix it [1].

Affecting most aspects of pilots’ ability to perform their duties, fatigue represents one of the ad-
verse conditions related to the human factor. In the process of piloting the aircraft it is natural that con-
sumption of body resources occurs, as well as the functional reliability is reduced due to fatigue. It is of-
ten the fatigue that leads to conflict situations and carelessness, difficulties in focusing on problem solv-
ing and in the perception of the colleagues’ opinions. In a state of fatigue, pilots are less active and accu-
rate in response to changes of the situation, pilot-controller communications and flight instruments set-
up. As a result their decisions are not always adequate to the situation. Aircraft incidents and accidents
are associated with a reduction in functional reliability of the pilot. More often this hazardous factor be-
comes the cause of incorrect actions that leads to incidents. There has been stated an increase in the
number of messages that indicate fatigue as a factor exacerbating the situation development in flight [2].

Performance capability, functional state and fatigue are related concepts. The level of efficien-
cy is determined by the absence or presence of fatigue, and in the latter case, by the degree of devel-
opment and the severity of the condition. On the other hand, the speed and intensity of fatigue devel-
opment in the course of professional activities depend on the initial degree of performance capability
and the initial functional state of a pilot.

It has become evident that the standard rules of flight and duty time setting is a simplified ap-
proach to providing the flight safety that focuses on tolerance of an average pilot (that doesn't exist)
and on flights performed in average conditions, without taking into account the particularity of some
aircraft operation, their current technical condition, conditions of current and preceding flights. While
meeting the requirements of certain flight types rationing forms an approach that doesn’t take into con-
sideration the individual characteristics of crew members. In this regard, in 2003, the ICAO experts
formed «Subgroup on flight duty time limitations for the study of factors related to flight and duty time
limitations in order to better control the fatigue of the crew». The result of their work was submitted in
June, 2011, when the ICAO Council adopted Doc. 9966 — fatigue risk management system manual
(FRMS), as an alternative to the regulatory flight and duty time restrictions with the consideration of
crew fatigue. This fact, regarding flight and duty time and rest time of the pilots, proves the world
community's recognition of the growing complexity of crew fatigue problem.

ICAO defines fatigue of crew members as: a physiological state of reduced mental or physical
performance resulted from insomnia or extended wakefulness, circadian phase or workload (mental
and/or physical activity) that can impair performance and ability of crew members to safely fly an air-
craft or to perform their duties [3]. Fatigue may be also considered as a condition reflecting inappro-
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priate rest. It is a consequence of a natural physiological process, which being protective, prevents the
full depletion of the energy reserves in the organism by introducing the braking process in the Central
nervous system and starting recovery mechanism [4].

There is physical, mental and emotional fatigue. The profession of pilot is characterized by the
predominance of the latter two forms, especially for operations in difficult conditions, while the effects
of fatigue tend to lower the reaction rate and decision-making time, contribute to the loss or decrease
of short-term memory accuracy, cause errors when performing calculations and create a tendency of
following simplified operational standards, that, of course, is a risk factor for flight operations. Thus, it
IS necessary to pay special attention to the organization of flight operations and increase the efficiency
of management decisions making [5].

Within the concept of FRMS a multilevel strategy is used for aviation safety, allowing manag-
ing fatigue risks, irrespective of their sources. Continuous adaptive process based on the actual data
analysis allows to develop, implement methods of these risks mitigating, and to evaluate their effec-
tiveness.

In the Russian Federation the regulation of working and rest periods of crew members with a
valid certificate authorizing their flight operation on board the aircraft as a member of the crew, in-
cluding flight school cadets and trainees, is established on the basis of the Order of the Ministry of
Transport of the Russian Federation No. 139 of November, 21, 2005 "On the approval of the regula-
tion of the Russian Federation civil aircraft crew members working and rest period™” [6]. This regula-
tion, complying with requirements of certain flight types, however, does not address the peculiarities
of operation or the individual characteristics of crew members. The FRMS concept allows the opera-
tors to identify flight and duty time limitations, to bring them in line with their needs, making them
much more flexible in the sense that they can be adapted to the change of the operations nature.

When implementing FRMS in order to manage fatigue risk, the Operator, at least:

a) creates FRMS based on scientific principles and knowledge;

b) consistently identifies fatigue risk factors and the resulting risks;

c) ensures immediate corrective action necessary for the effective fatigue risk factors
mitigation;

g) provides continuous monitoring and regular evaluation of fatigue risk factors mitigation
achieved by such actions;

d) supports the continuous improvement of the overall FRMS functioning [7].

When identifying hazards associated with fatigue, the operator shall develop and implement
three fundamental and documented processes:

1. Predictive:

The predictive hazard identification process focuses on establishing crew schedules and track-
ing the specified conditions that affect sleep, fatigue and performance.

2. Proactive:

In the framework of the proactive process, fatigue risk factors are monitored during operation.

3. Reactive:

In an FRMS, reactive processes are designed to identify the contribution of crewmembers fa-
tigue to safety reports and events. The aim is to identify how the effects of fatigue could have been
mitigated, and to reduce the likelihood of similar occurrences in the future.

The trigger for the involvement of the correctional process can be, at least, any of the following:

— fatigue reporting system,

— confidential reports,

— audit reports,

— incidents investigation reports,

— Flight Data Analysis events [8].

An effective fatigue reporting system requires an effective reporting culture.

Crew fatigue surveys are of two basic types:
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1. Retrospective surveys that ask crewmembers about their sleep and fatigue in the past. These
can be relatively long and are usually completed only once, or at long time intervals (for example,
once a year); and

2. Prospective surveys that ask crewmembers about their sleep and fatigue right now. These are
typically short and are often completed multiple times to monitor fatigue across a duty period, trip, or
roster. They usually include measures such as sleepiness, fatigue, and mood ratings. The reporting
form should also have some intentionally blank page for crew to comment on fatigue reasons and cor-
responding consequences.

Fatigue reports provide extremely important feedback with individual crew members to identi-
fy place and time of fatigue risk factors during flight operation of the aircraft. Thus, it is possible to
identify, for example, the most problematic routes and phases of flight, to analyze pilot performance
capability at the beginning of the shiftwork, to develop effective preventive measures in relation to a
particular individual.

Expert studies carried out by the leading Russian airlines, confirmed the sleep of crew mem-
bers during long-haul flights. FRMS identifies controlled flight deck napping as an effective mitiga-
tion strategy to be used as needed in response to fatigue experiences during flight operations. Sleep
on board the aircraft is less deep and more fragmented than on the ground. Anyway, there is compel-
ling evidence that sleep on board the aircraft enhances the subsequent activity and the rate of crew
reaction. Controlled short sleep may temporarily weaken its deficiency symptoms, it contains a
minor component of deep slow sleep, so upon waking, the effect of carotid inertia is much less
likely. Controlled flight deck napping investigation provided by the National Aeronautic and Space
Administration (NASA) has identified enhanced crew attention at the end of long-haul flights
(8-9 hours), if the crews were given the opportunity of 40 minutes sleep at the workplace in
the pilot's seat [2].

One way to reduce the complexity of perception of this material is to develop specific guide-
lines for the implementation of good sleep habits techniques and implement crew members usage of
personal compensation techniques to reduce the fatigue risk during flight operations.

Fatigue can result from a broad range of factors concerning crew members’ life and work: in-
tensive flights, long-haul flights, night flights, illnesses, work out of hubs with layovers in hotels. In
particular, inappropriate rest between flights leads to crew fatigue even before departure. More sophis-
ticated recreation and accommodation of crews, optimized crew transportation (especially in big cities
with heavy traffic) and well-developed system of on-board meals are considered to be preventive
measures in FRMS.

FATIGUE RISK MANAGEMENT SYSTEM

One of the main items to be checked during the operator’s audit is paragraph 5.23 of FAR-128
“Civil aviation flights operation and planning in the Russian Federation”:

The Operations Manual contains regulations established by the Operator for flight time, flight
duty period, and rest time limitations authorizing the Operator to use a Fatigue Risk Management Sys-
tem (FRMS) to manage fatigue, FRMS regulations and meet the requirements of Civil Aviation regu-
lations [9]. However, there is no clear understanding of the fatigue problem; the audit process is lim-
ited to the calculation of flight time and rest time. Herein findings concerning, for example, leave pro-
vision, also do not reflect the real picture of the functional state of a pilot. The implementation of
FRMS would better reflect the situation in the airlines.

In recent years the interest for flight crew fatigue has significantly increased at the state level.
For example, in June 2015, Federal Air Transport Agency on the basis of the Aviation training center
of the Institute of transport and technical service of Baltic Federal University named after Kant held an
annual research and training conference "Current issues of flights medical support in civil aviation".
Presentations were made by the Chairman and members of the central medical-flight expert commis-
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sion of civil aviation, experts of Federal State-Funded Institution "Central clinical hospital of civil avi-
ation”, airline doctors.

The agenda of the extended meeting of the Flight Guidance Council of the Federal Air Transport
Agency on issues of flight safety in civil aviation and the most current issues of preparation
for the autumn — winter period of 2016-2017 operation contained the report on "Fatigue risk
management".

FRMS is developed by the aircraft operators on the basis of safety management system (SMS).
According to the conceptual framework of the SMS, the key types of processes FRMS are: manage-
ment of risks associated with safety, and the assurance of compliance for safety standarts [10].

The FRMS includes some of the elements (components) of SMS, it is based on:

— effective reporting on safety issues;

— senior management commitment;

— a continuous process of monitoring;

— the process of investigation (research) developments in the area of safety, aimed at detecting
problems, rather than find the perpetrators;

— exchange of information and the most effective methods;

— comprehensive training of staff;

— effective use of standard operating procedures;

— commitment to continuous improvement of the system [11, 12].

By virtue of the individual characteristics of the organism is almost impossible to define a single
way of eliminating fatigue even after establishing the cause [3]. To minimize the inevitable develop-
ment of fatigue in pilots is first necessary to select the optimum mode of operation based on objective
regularities of development of fatigue as a function of time, intensity and complexity of action. Im-
portant variations of the functional state of the pilot, due to progressive fatigue of the night as a result
of bad adaptability of man to changing circadian rhythms "sleep-Wake™ and the circadian biorhythms
that have a circadian period of 20-28 hours, with a reduction in the reserve capacity of the organism to
the twelfth hour of professional activity [13].

CONCLUSION

Every airline has its own regulations, which based on FAR (Oder) Ne 139 end establish flight
duty and rest time. There are recommendations of the Ministry of Health and the Federal
Air Transport Agency, but they can be interpreted differently. For example, some air companies don’t
include a pre-flight briefing in flight-duty time. It is possible to legislatively consolidate the process of
identifying and eliminating fatigue hazardous factors, which have not yet manifested, but in the future
can cause incidents, accidents and disasters. States have to establish minimum rest periods after flights
taking into consideration their complexity, after 7-day roster and longer rest periods to relieve the ac-
cumulated fatigue in their national regulatory documents. While ICAO does not offer all States the
common standards, since the insufficiency of scientific data to establish strictly grounded unique quan-
tification.

In 2009, ICAO adopted the 33rd amendment to the Annex 6, one of the important requirements
of which is that any changes relating to the flight crew work should only take place on a scientific ba-
sis and not just at the request of the employer [10]. Accordingly, the state sets:

a) rules for the regulation of flight time, flight duty time and rest time;

b) rules regarding FRMS, if the aircraft operator is permitted to use it.

However in the Russian legislation, this amendment is still not reflected, despite its being
lobbied by aviation trade unions. In general, the changes in the Order of Ministry of Transport of
the Russian Federation dated 21 November 2005 No. 139 "On approval of the regulation of
the civil aviation crew members flight duty and rest time in the Russian Federation™ were previously
made only in 2010.
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FRMS Implementation will enable the Operators to gain a competitive advantage in their inter-
nal and external business operations (within the operational safety), and comply with International
Standards and Recommended practices. Herewith the first, but sure step towards the adoption and im-
plementation of FRMS is the recognition of fatigue problem existence. Indeed a tired human on board
is an indicator of flight operations safety management system failure.
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YTOMJUIEHHUE KAK ®AKTOP OITACHOCTH
IS BEBOITACHOCTH HOJIETOB

AM. Jymkun', U.H. Kopmuaunsinal
Uy6nuunoe axyuonepnoe obwecmeso «Asuaxomnanus «FOTaiipy, 2. Mockea, Poccus

BaxHeHIIMM MPHOPUTETOM IIESITEIBHOCTH JF000# aBHAKOMIIAHWHK M HEOOXOAWMBIM YCIIOBHEM €€ IBMKCHHS BITC-
peil SIBISIETCS IOCTIKEHHE MaKCHMATbHO BBICOKOTO YPOBHS G€30MMaCHOCTH TIOJIETOB. 3a MOCICIHHE HECKOIBKO JIET B JaH-
HOM 00JaCTH yIanoch JOOUTHCS 3HAYMTENBHBIX MOJIOKUTEIBHBIX PE3YJIbTATOB, OJHAKO OOHAPYXKHUIACH OTHOCHUTEIbHAS
CTarHaIus MOKa3aTesel, OTPaXKaroIuX 0e30MaCHOCTh MOJETOB KaK COCTOSHHE aBHAIIMOHHON TPAHCIOPTHON CHUCTEMBI.
Crasio OYEeBHIHBIM, YTO CYIIECTBYIOIIAs UICONOTHS MPEJOTBPAICHUS aBUAIIMOHHBIX COOBITHI ce0sl ucueprnana u Ha Co-
BPEMEHHOM JTarle PasBUTHS IPAXKIAHCKON aBHAIMU HE MO3BOJIIET COBEPIIMTH MPOPHIB B PEIICHUH BCEr0 0ObeMa 3ajad,
CTOSIIIMX TIEpPe]] aBUAKOMIIAHUSIMHU 0 JaHHOMY HampaBjieHui0. C LEeNbI0 MOMCKa HOBBIX MOJIXOMOB Ul PEIICHUS UME0-
mumxcs 3agad CoBer MexyHApOJHOM OpraHu3aIuy rpakJaHckol aBuarmu B uioHe 2011 roga npuHSI MEKTYHAPOIHBIE
CTaHIAPTHI TI0 CHCTEMaM YIIPABIICHUSI PUCKAMH, CBSI3aHHBIME C YTOMJIIEMOCTBIO, B KAYECTBE albTEPHATHBB HOPMATHBHBIM
OTPaHUYCHUSM TOJIETHOTO M pabodyero BPEMEHH C YYETOM YTOMIICHHS SKUMaxei. Beab He cexpeT, 9To cpemd QyHKIHO-
HaJBHBIX COCTOSHHH, TPOMECCHOHATBHO 3HAYMMBIX JUIS JESATENFHOCTH aBHAIIMOHHBIX CIIEIHAINCTOB, SBISIOIIMXCS KITIO-
YEeBBIM 3BEHOM B CHCTEME «UEJIOBEK — BO3AYIIHOE CYHO — CPeia», 0CO00€ MECTO 3aHUMAET COCTOSTHUE YTOMJIICHHSL.

B mpemsioskeHHOM cTaThe YTOMJIEHHE pacCMaTpuBaeTcst Kak (pakTop OMacHOCTH, 00YCIIABIHBAIONINHA HOPMUpPOBa-
HUC U PAa3BUTUC HapymeHMﬁ u OHJI/I6OK OKHIIaXKa B IMPOLECCCC MUIOTHUPOBAHUA BO3AYHIHOI'O CyJHA. HpOBeﬂeHLI aHaJIu3
IMMPU3HAKOB U MPUYMH BO3HUKHOBCHUA U pa3dBUTHA YTOMJICHUSA B IMOJIETC M OLUCHKA €TI0 BJIMAHHUA Ha pa6OTOCHOCO6HOCTb
OKHIIaXKa, paCCMOTpPCHA UX B3aUMOCBA3b. Hpe,[[CTaBﬂeHbI METOAbI U METOAUKU OTIPECACIICHUS YTOMJICHU IMUJIOTOB, O6OCHO-
BaHa HCOGXOHHMOCTL pa3pa60TKI/1 CUCTEMBI yNpaBJICHUA pUCKaMHU, CBA3AHHBIMU C YTOMIIICMOCTBIO, B aBUAKOMIIAHUAX C
LENbI0 3P PEKTUBHOTO 00eceueHHs 0€30MaCHOCTH MOJICTOB.

KaioueBble cioBa: 6e301acHOCTh I0JIETOB, YeJIOBEUECKUil (hakTop, OMmMOKa NUI0Ta, (GaKTOp ONACHOCTH, YTOM-
JSIEMOCTb, CUCTEMA YIIPABJICHUS] PUCKaMH, CBSI3aHHBIMH ¢ yromisieMocTbio (CYPY).
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