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Simulator-based Study of Emergencies
YieldsInsghtsinto Pilots Reaction Times

The U.K. Civil Aviation Authority has recommended a review of
helicopter-certification regulations to define realistically pilot-reaction time.
During ssimulated training sorties, pilots immediately detected failuresinvolving
variables within their focus of attention, but required moretime
to detect alerting cues outside their focus of attention.

FSF Editorial Saff

Rotorcraft-certification standards of the Joint
Aviation Requirements (JARs) in Europe and the
Federal Aviation Regulations (FARS) in the United
States generally specify that ahelicopter be operable
under normal and emergency conditions using
normal pilot skills; that is, aircraft may not require
exceptional piloting skill, strength or alertnessduring
certification. X/
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Thus, compensation for pilot-reaction time is an
important saf ety factor inthe design and certification
of helicopters. Some researchers also believe that
objective measurements — to isolate pilots’
detection-and-reaction processes from any particular type of
helicopter — would increase safety.

Research that compared pil ot performancein three helicopter
simulators has prompted the U.K. Civil Aviation Authority
(CAA) to recommend a review of regulations for the
certification of helicopters to consider new reaction-time
data.! More realistic, operationally defined components of

pilots’ “detection time” and “total reaction time”
also would help ensure that pilots can recover
from time-critical emergenciesevenif they perform
at the slow end of the normal range of pilot
performance, said the CAA’s report.

“Current civil requirements specify a ‘corrective-
actiontimedelay’ of onesecond (s) or ‘ normal pilot-
reaction time’ (whichever is greater) for the case of
enginefailureinthecruise,” said thereport. “Thisis
commonly interpreted as a one-second time delay
inthecruise, however 0.3 sistypically used for other
flight phases. Theterm * corrective-action time delay’
is generally equivalent to the period between failure onset
and the first movement of the appropriate control, referred
to as detection time in this report. This time delay is clearly
inconsistent with the results [of this study] and should be
reviewed in light of the data presented.

“Depending, probably, on the urgency of the emergency, mean?
total reaction times generally liein the range two [seconds] to




four seconds. Although these mean values represent what can
reasonably be expected, design criteria should take account of
normal, below-average performance. ... [Regarding total
power failure,] aircraft designersand certifiers should consider
not mean reaction times but the tail of the distribution, i.e.,
those pilots whose total reaction timesarelonger than average
without being abnormal. The 90th percentilesfall intherange
4.4 [s] to 5.7 s (2.07 [g] to 2.95 s for detection time). If the
90th percentileisan acceptabl e upper bound for reaction time,
then a value of about six seconds for total reaction time
[assuming no distraction] and three secondsfor detection time
would seem to be the appropriate criteria to adopt for design
and certification purposes.”

The research was conducted in response to three
recommendations from investigations of helicopter accidents
that occurred in 1981, 1986 and 1992 in the United Kingdom.?
The purpose was to provide more detailed information on
which to base future recommendations regarding helicopter-
certification requirements.

One of these accident reports said, “The
reaction time of a pilot following a total

continuous control task, said the report. Theresearcherssaid
that little improvement in detection times may be possible,
except by presenting cues more rapidly — for example,
providing warning systems if alerting cues are relatively
difficult to detect.

“Detection times for cyclic[-control] responses to AFCS
runaways in the hover were smaller than those for collective
[-control] responses to total power failures and tail-rotor
failures,” said the report. “AFCS runaways in the cruise and
all the other failures represent a more general case, where
the pilot’s attention is not so focused on the critical element.
Thecyclic and collective response datafor these casesindicate
that mean detection times of one [second] to 2.5 s can
reasonably be expected.”

Regulations Show
Context for Study

Thefollowing excerptsfrom airworthiness standardsin JARY
FARs 27 (small rotorcraft/normal-category
rotorcraft) and JARS/FARs 29 (large

loss of power is critical. The rate of decay
to a dangerously low [rotor rpm (NR)] of
the[Aerospatiale] AS 355 Flrotor, likethat
of other types of helicopters, exceeds the
average pilot’s reaction time. Cockpit
indications of power lossinthe AS 355 F1
are considered to be inadequate for
single-pilot [instrument flight rules
(IFR)] operations.”* One of the report’s
recommendations said, “A review of those
[British Civil Airworthiness Requirements
(BCARs)] which deal with power-unit

“ Although these
mean values represent
what can reasonably be
expected, design criteria
should take account of
normal, below-average
performance.”

rotorcraft/transport-category rotorcraft) are
representative of the current approach to
regulationsrelevant to pilots' detection and
reaction times (FSF editorial note: Italics
added for clarity):

JARSFARs 27.141 and 29.141 — “The
rotorcraft must ... (b) Be able to
maintain any required flight condition
and make a smooth transition from any
flight condition to any other flight
condition without exceptional piloting

malfunctions[should] be conducted with a
view to improving thoseindicating systemsthat enable apilot
to identify afailed power unit correctly.”

Another of these accident reports said, “The BCARs relating
to helicopter main-rotor behavior following total power loss
should bereviewed. Thereview should consider the latest data
on pilot response times, the practicability of requiring all
helicoptersto befitted with arotor-speed-decay warning system,
and means by which rotor-decay rates might be reduced.”®

The CAA report also said that for one section of the
requirements — regarding automatic flight control system
(AFCS) anomalies under IFR — advisory material indicates
that corrective-action times ranging from 0.8 sto 3.9 s are
appropriate, depending on the phase of flight. These times
and the data from CAA’s study were relatively consistent.
Nevertheless, the report recommended an overall review of
regulations.

Dataalso appear to show that helicopter pilots respond most
quickly when their attention already is focused on a

skill, alertness, or strength ... ;"

* JARSFARs 27.231 and 29.231 — “The rotorcraft must
have satisfactory ground-[handling characteristics]
and water-handling characteristics, including freedom
from uncontrollabletendenciesin any condition expected
in operation;”

+ JARS/FARs 27.1581 (a) and 29.1581 (a) — “ ... A
Rotorcraft Flight Manual must be furnished with each
rotorcraft, and it must contain ... (2) Other information
that is necessary for safe operation because of design,
operating, or handling characteristics;”

 JARS/FARs 29.55 (c) — “Determination of the
[takeoff decision point (TDP)] must include the pilot
recognition-time interval following failure of the
critical engine;”

* JARS/FARs 27.143 (d) and 29.143 (d) — “The
rotorcraft, after (1) failure of one engine, in the case of
multi-engine rotorcraft that meet Transport Category A
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engine-isolation requirements, or (2) complete power
failure in the case of other rotorcraft, must be
controllable over the range of speeds and altitudes for
which certification is requested when such power
failure occurs with maximum continuous power and
critical weight. No corrective-action time delay for any
condition following power failure may be less than (i)
For the cruise condition, one second, or normal pilot-
reaction time (whichever is greater); and (ii) For any
other condition, normal pilot-reaction time;”

* JARS/FARs 29.1309 (¢) — “Warning information must
be provided to alert the crew to unsafe system operating
conditions and to enable them to take appropriate
corrective action ... ;"

* JARS/FARs 27.1329 (d) and 29.1329 (d) — “The
[automatic pilot] system must be designed and adjusted
so that ... [the system] cannot ... create hazardous
deviations in the flight path, under
any flight condition ... in the event

“Current regulations use a variety of terms, such as
recognition time and decision time, which are not
operationally defined,” said the report. “A necessary
methodological step, therefore, is the development of
suitable definitions. Unfortunately, in comparison with
the extensive and detailed laboratory studies of reaction
times, there has been little work examining reaction timesin
real-life situations.”

The report defined variables as follows (FSF editorial note:
Italics added for clarity): “Detection time was defined as the
interval between failure onset and theinitiation of aresponse.
Response time was defined as the period from initiation to
compl etion (where completion wasidentifiabl€). Total reaction
time was defined asthe detection time plusthe responsetime.”
The report said that these terms do not correspond with
terminology used in current regulations; nevertheless, they
enabl e objective measurements.

M easurement of the beginning of corrective
control responseto each simulated anomaly

of a malfunction, assuming that
corrective action begins within a
reasonable period of time;”

* JARYFARs27.672 (a) and 29.672 (a)
— “A warning which is clearly
distinguishable to the pilot under
expected flight conditions without
reguiring the pilot’sattention must be
provided for any failure in the
stability-augmentation system [SAS]
or in any other automatic or power-
operated system which could result
in an unsafe condition if the pilot is
unaware of thefailure. ... ;"

“Unfortunately, in
comparison with the
extensive and detailed
laboratory studies of
reaction times,
there has been little
work examining
reaction timesin
real-life sSituations.”

was defined as “the first noticeable
deviation from steady state or, if the control
was traveling in the wrong direction, the
point of [control] reversal was used.”

The study focused on three time-critical
emergencies — total power failure, tail-
rotor-control failure and tail-rotor-drive
failure— and on AFCS failures, involving
situationsthat may betimecritical. Civilian
pilots and military pilots involved in the
study were not aware that their training
sortieswere being recorded by researchers,
with the exception of onetrial; permission
to use the simulator data was granted

» JARS/FARs 27.672 (b) and 29.672
(b) — “The design of the [SAS] or of any other
automatic or power-operated system must allow initial
counteraction of failureswithout requiring exceptional
pilot skill or strength ... ;” and,

» Appendix B to JARYFARs 27 VII. (b) and 29 VII. (b)
— “The SAS must be designed so that it cannot create a
hazardous deviation in flight path ... in the event of
malfunction or failure, assuming corrective action begins
within an appropriate period of time ... ”

Resear cher s Define Variables
To Measure Reaction Time

The CAA report said that past experimental research into
pilot-reaction timesto emergenciesin helicopters often has been
limited in applicability to actual flight conditions, and in using
definitions without objective measurement criteria.

by others responsible for the training to
avoid causing any effect on pilots' normal
performance. The pilotsincluded:

» Twenty-four U.K. Royal Air Force pilots whose
responses were measured during total power-failuresin
a simulator for the Boeing Vertol Chinook HC.Mk 1
twin-turbine helicopter;

e Ten civilian pilots whose responses were measured
during total power failuresin asimulator for the Sikorsky
S-61N twin-turbine helicopter;

* An unspecified number of civilian pilots whose
responses were measured during total power failures,
tail-rotor-control failures and tail-rotor-drive failuresin
a simulator for the Eurocopter (formerly Aerospatial€)
AS 332 Super Puma twin-turbine helicopter; and,

» Sixteen civilian pilots exposed to AFCS runaways and
total power failuresin the S-61N simulator.
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Each of the three simulators had a six-axis motion platform
and a dusk/night visual system. Data generated by simulator
software at the highest possible sampling rates indicated the
onset of afailure (or in sometrials, an equivalent variable for
actual failure, such as the start of data recording) and the
initiation of pilot response. The researchers also analyzed
visual, auditory and motion cues; instrument indications;
ambient noise and frequencies; and linear accelerations for
supplemental information.

A cockpit video recording was made of each failure scenario to
prepare atimeline of events as they would occur without any
pilot intervention. These recordings showed that a total power
failure would become unrecoverable in 10 s for the S-61N, in
3.8 sfor the Chinook and in 5.4 sfor the Super Puma.

Fast Detection/Reaction Times
Correlated with Recoveries

“There were insufficient data on outcome (recovered/crashed)
to permit analysisfor the S-61N and the Super Puma,” said the
report. “Of the 30 Chinook exposures for which outcome
data existed, 26 pilots successfully recovered from total
power failure and four failed to recover. Failures from which
the pilots recovered involved significantly shorter response
times than those which resulted in crashes, but detection times
were not significantly different. ... The pattern of [responses
by three of the pilots who failed to recover in the simulation]
did, however, appear qualitatively different from the vast
majority of the remainder [that is, the 22 pilots who recovered]
inthat the collective movement wasnot asimple, rapid reduction
in demand, but incorporated reversals or hesitations.”

The report said that auditory cues probably were the most
significant alerting stimuli in each type of helicopter, and some
differences in detection times correlated with the degree to
which auditory cues were “ attention getting.”

Pilots Reaction Times
Showed Some Variation

Detection and reaction timesvaried significantly anong thepilots
observed, but performance generally waswithin expected ranges.
Nevertheless, the report said that the performance of the 90th
percentile of pilots— not average performance— should provide
the basis for regulations. The following data were recorded:

e Measurements after total power failure in the Chinook
simulator showed mean detection time of 1.07 s, mean
response time of 1.24 s and mean total reaction time of
2.3 s. The corresponding values for the 90th percentile
of pilotswere2.07 s, 2.28 sand 4.42 s.

e Measurements after total power failure in the S-61N
simulator showed mean detection time of 1.67 s, mean

response time of 1.61 s and mean total reaction time of
3.33 s. The corresponding values for the 90th percentile
of pilotswere 253 s, 3.85sand 5.72 s.

e Measurements after total power failure in the Super
Puma simulator (in trials that did not involve a
distracting alternator failure) showed mean detection
time of 2.22 s, mean response time of 1.82 s and mean
total reaction time of 4.13 s. The corresponding values
for the 90th percentile of pilots were 2.95 s, 1.95 s and
4.73 s. The report said, “In the case of the Super Puma
[simulator] data, it was sometimes difficult to determine
with any confidence wherethe control movement ended.
Asaresult, rather fewer response-time and total-reaction-
timeresults are quoted than detection-timeresults. ... A
separate analysis on the Super Pumadata ... showed no
significant effect on detection, response or total reaction
times due to the presence of adistraction.”

» Measurementsafter tail-rotor-control failurein the Super
Puma simulator showed mean detection time of 0.9 s,
mean response time of 1.53 s and mean total reaction
time of 2.57 s. The corresponding values for the 90th
percentile of pilotstested were 1.22 s, 3.78 sand 4.65 s.
Thereport said that because some response times could
not be determined confidently from some data, the 90th
percentile figures for response time and total reaction
time probably are slight underestimates;

» Measurements after tail-rotor-drive failure in the Super
Puma simulator showed mean detection time of 1.53 s,
mean response time of 2.74 s and mean total reaction
time of 4.9 s. The corresponding values for the 90th
percentile of pilotstested were2.94 s, 6.06 sand 7.79 s.
The report said that some response times could not be
determined with confidence from some data, thus
producing fewer data points on which to base these
calculations.

» Measurements after two types of AFCS failures (each
causing an uncommanded pitch-up) in the S-61N
simulator were conducted differently. The data showed
mean detection time during hover of 0.4 s and 90th-
percentile detection time of 0.69 s. The mean detection
time during cruise was 1.59 s and the 90th-percentile
detection timewas 2.4 s. These sorties also had amean
effectivetotal reaction time® during hover of 1.62 sand
a 90th-percentile detection time of 1.83 s. The mean
effective total reaction time during cruise was 2.24 s
and the 90th-percentile time was 2.61 s. The failures
during these sorties were not accompanied by
significant motion cues or changesin audio cues; visua
cues primarily indicated each AFCS uncommanded
pitch-up.

The researchers acknowledged and documented several
limitations in their findings, including unexplained response
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characteristics, uncertain effects of smulator-motion cues, effects
of repeating emergenciesor controlling the order of emergencies,
and difficulty measuring failure onset accurately in the Super
Puma. For example, there was no evidence of significant linear
accelerations (greater than 0.1 G) during total power failures or
tail-rotor failures. M otion cues during AFCS uncommanded pitch-
ups also were considered insignificant for purposes of the studly.

When some simulated emergencies in the Super Puma were
preceded by an aternator failure as a distraction factor, the
distraction did not demonstrate a statistically significant effect
although “there is some indication that a few pilots may have
suffered asignificant effect,” said thereport. Nevertheless, some
genera observations about average performance were made.

“It took pilots, on average, about one second to detect total
power failure in the Chinook simulator and a similar time to
respond to it,” said the report. “ S-61N and Super Puma pilots
took significantly longer for detection and there was a trend
towards slightly longer times for the response. Mean total
reaction times were, as aresult, one [second] to 1.8 slonger.
... The results indicate the broad range of response times to
be expected, and suggest that average total reaction timesin
the range of two [seconds] to four seconds should be expected
in most circumstances.”

The report said that both the type of emergency and the
type of aircraft had an influence on pilot-reaction times,
but that further study will be needed to sample and analyze
a wider range of variables. For example, variation in pilots
detection time during hover compared to detection time during
cruise flight was suggested as one avenue for further study.

“The cruise naturally demanded less continuous monitoring
of flight variablesthan the hover, and this general reductionin
[pilot] attentiveness seemsto have had amore noticeabl e effect
on detection time [in simulated AFCS failures] than the
artificial distraction introduced for some total power failures
in the Super Puma,” said the report.

The report has been provided to the rotorcraft Performance
and Handling Qualities Harmonization Working Group of the
Joint Aviation Authorities and the U.S. Federal Aviation
Administration. This group is reviewing JARYFARs 27 and
29 engine-failure intervention-time criteria.¢
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