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For the aviation maintenance professional, the workday does not end until the aircraft is back in the air, and the
paperwork has been filed. The airplane flies by day and most maintenance happens at night. While humans are very
adaptable, we still rely on ancient programming that our caveman ancestors needed to survive —alert by day, sleep by
night. The cycles of activity and rest are necessary to stay in peak mental shape, and deviations from the natural law
come at a high cost. When you add physical activity, environment and general health to the equation, even small
deviations to the sleep schedule can have a negative impact on the cognitive function. Especially true of aviation, the
smallest lapse can have catastrophic results.

The effects of fatigue are well known and documented by science. The transportation industry is one of the pioneers in
regulations and enforcement of fatigue countermeasures. Pilots and truck and train drivers are required to assess their
fatigue levels and maintain a minimum level of restfulness before they control their vehicles. For maintenance
technicians, only the scheduled airlines have a regulation — 14 CFR Part 121.377, which mandates that technicians have
a rest period of at least 24 consecutive hours during any seven consecutive days, or the equivalent thereof, within any
one calendar month. That’s not very realistic or helpful, but at least the thought was there. For all other maintenance
technicians, at best there are only guidelines, best practices and suggestions.

Aviation maintenance errors caused by fatigue have been a major concern of the military for decades. Extensive study
and data collection provide hard evidence that nearly half of all maintenance-related accidents involved some aspect of
fatigue. Both the FAA and NTSB are concerned about the problem, but to date there has been no push for regulation.
Unfortunately, it will probably take a fatal accident before there is any movement on that front. However, regulations
alone are no guarantee of safety. It takes a focused effort to educate and train individuals to recognize the signs of fatigue
and take action. We gathered up some helpful advice and best practices that you can adapt to your maintenance
organization, to help you develop a realistic and practical fatigue risk management system (FRMS).

Sleep Science
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Humans need to sleep to maintain good cognitive function. The typical person needs at least 8 hr. of quality sleep. While
individuals may be able to function with less, the overarching need to sleep is controlled by a specific, predictable cyclic
pattern of waking and resting that cannot be ignored. This is called the circadian rhythm and is comprised of a period of
wakefulness (ergotropic) and restfulness (trophotropic) over a period of about a day. The brain’s internal control
mechanism, the hypothalamus, is influenced by the cycle of daylight and darkness. When the body enters a period
known as the Window of Circadian Low (WOCL) there is degradation in mental and physical performance.

All other factors being equal, fatigue is most likely and severe between the hours of 2:00 a.m. and 6:00 a.m. Adapting
the sleep cycle to the night shift can be extremely difficult. While the body can adjust to working through this period,
often it is difficult to make up the necessary sleep to fully recover. The brain still wants to be active during the day. The
quality of rest also plays a major role in recovery. A dark, quiet place can be hard to find, especially if you have kids or
live in a noisy neighborhood. There are also health disorders such as sleep apnea, which prevent quality sleep. Especially
true of maintenance technicians, the degradation of cognitive functions becomes the new normal and even though they
know they are tired, they power through because that is part of the job. They might not be aware that they are running
on empty.

The science of sleep loss has been examined for many years and the data are undeniable. “There’s so much research out
there about what happens to our cognitive function, our decision making in the near term,” said Karl Woll, account
manager for Fatigue Science, a Vancouver, British Columbia, company that specializes in the development of FRMSes
for industry, and human performance optimization for military and elite athletes. “One of the easiest ways to explain
what the science shows is by comparing it to the effects of alcohol consumption. After 24 hr. of sleep deprivation, just
one all-nighter, your cognitive function is about the same as a person who is at a blood alcohol concentration of 0.08. In
most places that’s the legal driving limit of alcohol intoxication. That’s not to say that there aren’t physiological
differences between being fatigue-impaired and alcohol-impaired, but in terms of our reaction time and risk factor, in
terms of making a mental error, they’re roughly the same. And that’s only after forgoing one night of sleep,” Woll added.

While recognizing that you are tired is a step in the right direction, the ability to assess your fatigue is a key component
of an FRMS. Fatigue Science does it by combining a wrist-worn device called a Readiband, which collects individual
sleep data, with a biomathematical fatigue model called SAFTE, which analyzes it. SAFTE was developed by the U.S.
military and is widely used in commercial aviation. It analyzes an individual’s detailed sleep data to quantify and predict
fatigue. “SAFTE . . . measures numerous sleep factors, such as the quality, quantity and timing of sleep. It then compares
that against the body’s natural circadian rhythms as dictated by our exposure to light, what part of the world we’re in,
etc. From all of that data, it can tell us a person’s actual and predicted fatigue levels, and plot it on a zero to 100 scale,”
Woll said.

Knowing your fatigue level will help you identify your cognitive ability to perform tasks. It will also help you manage
your sleep to maintain normal and healthy fatigue/alertness levels. “This is a tool that lets us see, daily, how individual
sleep habits, sleep health and work schedules can affect workplace fatigue and risk. It can go a long way in helping
mitigate that risk and create safer work environments,” Woll added.

Managing Risk

For the last decade or so, safety management systems (SMSes) have been gaining more and more acceptance by flight
departments. More than just a buzzword, the approach to identifying hazards and assessing risk is rapidly becoming the
new norm. It is common to find that even the smallest flight departments have some type of program in place. Pilots
have been using the FRMS as part of their normal flight planning for years, and for many it is just a part of the normal
routine. Maintainers, on the other hand, have been slow to embrace the methodology. Perhaps it is due to lack of
knowledge and training, or the perceived lack of benefit to the normal day-to-day maintenance operations where every
task involves some measure of risk. However, the writing is on the wall: It is only a matter of time before risk
management for maintainers will be universal.

While there are regulations in place for pilots, part of the reason why there are no rules for maintainers is that it will be
difficult, if not impossible, to accurately develop a universal set of rules that could provide meaningful safety benefit.
Some tasks require less vigilance, while others need extreme focus. Include the differences between working alone or as
part of a team, and the rule will have to be pages long to accommodate every possible circumstance. The pilot rules do



not necessarily cross over to technicians as well. The key is to recognize that fatigue impairs performance and to take the
appropriate action. “Some of the things I’ve seen out there in operating manuals talk about fatigue risk management. If
you’ve been on the job so many hours, or let’s say you work a double shift, or extended hours, at certain points you might
be restricted to what you can sign off,” said Bob Gould, an aviation safety and management consultant for Bravo Golf
Aviation located in western Massachusetts. Gould is an aviation professional with over four decades of experience in
maintenance, management and safety. “Even if you’re alone, you might be able to perform the work, but before you can
release the aircraft, somebody else has to look at it. I’ve also seen where two people are required to work together, so if
you have to stay late, somebody else has to stay late. That may not always be possible if you’re a one-man operation. I’ve
seen things like that, at least it is an attempt to work with fatigue management,” Gould added.

The key to an effective FRMS program is to make it relevant to your operation. One size does not fit all. “I have seen
operations where workers come in every day and they fill out some sort of form or computerized program. The
impression I get is that people are still very leery of reporting things like that. I think a supervisor and workers can be
honest with themselves and communicate with each other. ‘Hey, boss, I had a rough night last night. I just want to make
you aware that I’m kind of tired.’ I think it’s up to the supervisor to just keep an eye on that person,” Gould said. “The
one thing I stress to people all the time is that a risk management program has to be developed in house by the
maintenance department themselves to make it work. But if they make it too cumbersome or try to imitate some other
fatigue management program from another department, chances are it will not work as well. It needs to work within
about a minute or two for final calculation. If it exceeds more than 2 min. I think it’s going to become perceived as a
burden, and then, once it’s perceived as a burden, it gets downplayed, it gets neglected, and it ends up not being used. I
use the word practical. Make it practical fatigue risk management,” he added.

Fatigue Smarts

Looking for more information on fatigue management? The FAA has recently released a new Advisory Circular just for
maintainers: AC 120-115 - Maintainer Fatigue Risk Management. Visit:
https://www.faa.gov/documentLibrary/media/Advisory_Circular/AC_120115.pdf

The FAA has separate website just to address maintainer fatigue. You can visit it at www.mxfatigue.com

There are also more AC’s that can help:

AC 117-2, Fatigue Education and Awareness Training Program

AC 117-3, Fitness for Duty

AC 120-100, Basics of Aviation Fatigue

AC 120-103, Fatigue Risk Management Systems for Aviation Safety
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