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G-Induced Visual Symptoms in a Military Helicopter Pilot
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ABSTRACT Introduction: Military helicopters are increasingly agile and capable of producing significant G forces
experienced in the longitudinal (z) axis of the body in a head-to-foot direction (+Gz). Dehydration and fatigue can
adversely affect a pilot’s +Gz tolerance, leading to +Gz-induced symptomatology occurring at lower +Gz levels than
expected. The potential for adverse consequences of +Gz exposure to affect flight safety in military helicopter opera-
tions needs to be recognized. This case report describes a helicopter pilot who experienced +Gz-induced visual
impairment during low-level flight. Case study: The incident occurred during a tropical training exercise, with an
ambient temperature of around 35°C (95°F). As a result of the operational tempo and the environmental conditions,
aircrew were generally fatigued and dehydrated. During a low-level steep turn, a Blackhawk pilot experienced sig-
nificant visual deterioration. The +Gz level was estimated at +2.5 Gz. After completing the turn, the pilot’s vision
returned to normal, and the flight concluded without further incident. Discussion: This case highlights the potential
dangers of +Gz exposure in tactical helicopters. Although the +Gz level was moderate, the pilot’s +Gz tolerance was
reduced by the combined effects of dehydration and fatigue. The dangers of such +Gz-induced visual impairment
during low-level flight are clear. More awareness of +Gz physiology and +Gz tolerance-reducing factors in helicopter
operations is needed.

INTRODUCTION
Military helicopters are increasingly agile and capable of
producing physiologically significant G forces experienced
in the longitudinal (z) axis of the body in a head-to-foot
direction (+Gz), particularly when aggressively maneuver-
ing.1 In the tactical environment, factors such as dehydration
and fatigue can adversely affect a pilot’s +Gz tolerance.
+Gz-induced symptoms may be seen in such situations at
lower +Gz levels than might otherwise be the case. As such,
the potential for adverse consequences of +Gz exposure to
affect flight safety in military helicopter operations needs to
be recognized.

This case report describes an episode of G-related symp-
toms in an Australian Army Blackhawk helicopter pilot. It
demonstrates the importance of factors that contribute to
reduced G tolerance, and highlights the fact that G symp-
toms are not exclusively related to fast jet operations. There
is a paucity of scientific literature dealing with G symptoms
in helicopter pilots, and it is hoped that this case report will
add to the body of knowledge concerning human exposure
to +Gz. Furthermore, it is hoped that this report will encour-
age awareness of +Gz forces and factors relating to their
tolerance as important considerations for modern tactical
helicopter operations.

CASE REPORT
The subject pilot was at the time of the event a 25-year-
old Australian Army helicopter pilot, flying the Sikorsky

S-70A-9 Blackhawk tactical helicopter. He had no history of
any medical conditions. He was an experienced pilot, with
1,500 total flying hours, 500 hours of which were in the
Blackhawk helicopter.

At the time of the incident described in this case report,
the pilot was on day 4 of a 6-day tactical training exercise,
in the Townsville high range military training area. This is in
the northern part of Australia, and is a warm, tropical envi-
ronment. The ambient weather conditions prevailing during
the exercise were hot, on the order of 35° C (95° F). The
in-cockpit temperature was not recorded. However, studies
in heat stress in helicopter pilots suggest that the in-cockpit
temperature would have been at least 7° C (45° F) higher
than ambient, because of the combination of lack of air con-
ditioning, the greenhouse effect, and heat transfer from the
engines to the occupants, as well as heat generated by the
pilot and passengers themselves.2 Flight operations were
generally being conducted below 2,000 feet. The pilot was
dressed in standard military flight equipment, which included
flame-retardant flight suit, flight gloves, flying boots, flight
helmet, and survival vest.

The UH-60 Black Hawk is a 4-bladed, twin-engine,
medium-lift utility helicopter manufactured by Sikorsky Air-
craft (Stratford, Connecticut). It is a very capable aircraft,
able to carry 11 troops with their equipment, and to lift
2,600 pounds (1,170 kg) of cargo internally or 9,000 pounds
(4,050 kg) of cargo (for UH-60L/M variants) externally by
sling. The UH-60 has a range of some 276 nautical miles
(no reserves), a cruise speed of 151 knots, and a maximum
service ceiling of 15,180 feet. The UH-60 Blackhawk has
been exported in different variants to several countries
including Australia for military tactical helicopter transport.

In keeping with usual practice, the aircrew were accom-
modated in tents with the rest of the military personnel.
When not engaged in flying, they were often tasked with
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other ground-based activities, such as manning security
checkpoints at night. As a result, the aircrew were generally
fatigued. This fatigue was a result of the combination of
intense flying operations, poor rest opportunities, and other
night duties. The camp conditions were considered to be
austere. No cold water was available for rehydration: avail-
able water was generally warm, stored in bulk and often
under direct sun exposure.

The incident occurred during a low-level tactical flight at
an altitude above ground level of 200 ft. The pilot initiated
a steep turn at approximately 30° to 40° angle of bank.
Shortly after, the pilot noticed a significant deterioration of
vision. This involved a generalized tunnelling of vision in
both eyes, which developed almost immediately after the
application of +Gz. The +Gz level during this turn was esti-
mated at around +2.5 Gz (no G meter is available in the
cockpit for reference by the crew; the estimate was provided
by the subject pilot, who was familiar with the G environ-
ment from previous flying experience in fixed-wing aircraft)
with a duration of several seconds. There was no antecedent
Gz exposure (which could have reduced G tolerance of the
pilot via the push-pull effect). After releasing the bank
angle, the pilot’s vision returned to normal. The tunnel
vision effect experienced by the pilot lasted only a few sec-
onds, until the +Gz level was restored to normal. The
remainder of the flight was conducted without further inci-
dent. The co-pilot did not need to take over control of the
aircraft during this event. No postflight medical help was
sought, and no further investigations were carried out. The
incident did not recur.

The pilot recalled that at the time of the incident he
was noticeably fatigued and almost certainly dehydrated.
Although no objective measurements of his hydration sta-
tus were collected, the pilot stated that he had not been
rehydrating sufficiently enough considering the environ-
mental conditions and his activities, as well as the fact that
the available water supplies were largely unpalatable.

DISCUSSION
This case report details an in-flight episode of visual gray-out
in a helicopter pilot conducting low-level tactical flight oper-
ations in hot weather. This case is significant in that it repre-
sents an instance where a relatively low-level +Gz exposure
combined with pre-existing factors known to reduce +Gz tol-
erance resulted in a potentially safety-critical situation in a
helicopter pilot. The case demonstrates that adverse symp-
toms of +Gz exposure cannot be assumed to be only the
province of the fast jet pilot. With the continued development
of the helicopter, particularly in terms of its aerodynamic
sophistication and incrementally widening maneuvering
envelope, the potential for modern attack helicopters to gen-
erate high levels of +Gz has been recognized, although these
+Gz loads typically cannot be sustained for any significant
time.1 The type of helicopter is also an important consider-
ation in terms of likely +Gz exposure. In some reports, loads

up to +3.5 Gz have been described in an attack helicopter.1

Given the right circumstances, helicopter pilots can also be
potential victims of adverse +Gz exposure.

Although the fast jet world is understandably focused
on G-induced loss of consciousness (G-LOC), the poten-
tially more significant issue for helicopter pilots is +Gz-
induced loss of situational awareness. This can be brought
on by just the visual concomitants of +Gz exposure such
as gray-out and blackout, rather than frank G-LOC. The
importance of such +Gz-induced loss of situational aware-
ness in terms of flight safety is highlighted by the fact that
these types of helicopter operations are often conducted at
low level, where the time available for recovery is extremely
limited. Any +Gz-induced impairment of vision in a helicop-
ter pilot while maneuvering at low level and high speed can
make the task of avoiding inadvertent ground contact much
more problematic.

The spectrum of +Gz effects, from gray-out to G-LOC,
has been well documented.3–5 In general, for a fit, relaxed,
and unprotected subject, gray-out is said to occur at a +Gz
range of +3 to +4, with blackout (complete loss of vision)
occurring at +4 to +4.5.5 G-LOC then occurs at a +Gz range
of +4.5 to +5.5 Gz.5 The prevalence of G-LOC in fast jet
pilot populations has been extensively docume1nted.6–8

Grey-out is the term for a +Gz-induced visual impairment
that produces partial visual loss. At +3 to +4 Gz, blood flow
to the retina decreases as arterial pressure approaches the
level of internal ocular pressure.9 The retinal periphery is first
affected, primarily as a function of distance from the point of
entry of the blood vessels into the retina.5,9 The affected
photoreceptors do not receive an adequate supply of oxygen,
and as a result become functionally impaired. Peripheral
vision therefore deteriorates, resulting in grey-out. It mani-
fests itself as a general greying of vision, sometimes produc-
ing a tunnel vision effect. The visual field may appear to
scintillate. Grey-out is the first indication to a pilot that they
are experiencing a degree of +Gz-induced cardiovascular
compromise. It is a very common symptom in pilots exposed
to the high +Gz environment. In a survey of Royal Australian
Air Force fighter pilots, 98% reported experiencing grey-out.7

Factors affecting tolerance to applied +Gz have also been
well documented.5,10,11 Tolerance to +Gz can be affected by
many factors, including the nature of the +Gz environment
(such as the magnitude and duration of +Gz experienced and
the +Gz onset rate) and various physiological factors includ-
ing hypoxia, physical conditioning, cardiovascular adapta-
tion, dehydration, fatigue, and the effects of alcohol, etc.5,12

In aviation, heat stress is a common problem, particularly
in fast jet operations.13 Helicopter operations in tropical
environments, particularly at low level, are also potentially
affected by heat stress issues. This is even more so when
one considers the requirement for the aircrew to wear several
different items of personal protective equipment and special
clothing in those environments.1 A study by Froom et al2

found a positive association between heat stress and accidents
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as a result of pilot error in helicopter operations. In this case
study, the pilot was operating in a hot environment and was
likely suffering from dehydration and to a lesser extent
fatigue. Dehydration has been positively associated with a
reduced +Gz tolerance because of the reduction in circulat-
ing blood volume.14–16 A dehydration level of up to 3%
of body weight has been shown to reduce tolerance time to
+7 Gz by around 40%.16 Other studies have documented
similar reductions in +Gz tolerance attributable to heat
stress and dehydration.17,18 In one study, +Gz tolerance was
reduced by 16% when subjects were 3% dehydrated.18

The crucial point here is that these factors, alone or in
combination, can lead to adverse +Gz symptoms being expe-
rienced at lower +Gz levels than would normally be
expected. Indeed, although G-LOC is said to occur at +4.5
to 5.5 Gz, there have been cases where G-LOC has occurred
at lower levels as a result of the presence of at least one
tolerance-reducing factor. A case of G-LOC at +4 Gz in a
small training aircraft was attributed to various factors,
such as fatigue, poor G strain, and lack of experience of
the G environment in the subject pilot.19

The presence of one or more +Gz tolerance-reducing fac-
tors in the pilot of a relatively agile helicopter can lead to
the development of G symptoms. Unlike fast jet pilots, grey-
out in a helicopter pilot during a maneuver at low level
and high speed is not necessarily a benign phenomenon.
Although a fast jet pilot can use grey-out as an indicator of
marginal +Gz tolerance, a helicopter pilot at high speed and
low level may impact the ground during the grey-out event.
In those circumstances, there is simply not enough time or
altitude to recover from what can be considered to be a G-
induced loss of situational awareness event.

The Australian Defence Department selected the S-70A-9
variant of the Blackhawk as a replacement for the Bell UH-
1 helicopter in 1986. Five aircraft and 23 personnel have
been lost because of accidents since its introduction into ser-
vice. The worst accident involved a mid-air collision
between two Blackhawk helicopters at night during a tactical
training exercise which resulted in 19 fatalities.

Of relevance to this case report are two significant acci-
dents involving Australian Army Blackhawk helicopters
conducting low-level flight operations. The first occurred at
4:04 p.m. on June 29, 1992, when a Blackhawk helicopter
(serial A25-217) was conducting a familiarization flight. The
helicopter entered a low-level break turn to the right, and
after turning through approximately 270 degrees the main
rotor blades struck the ground leading to a catastrophic
impact. There were two fatalities. This was the first loss of
the Blackhawk type since its entry into Australian Defence
Force service.

The second noteworthy accident occurred at 10:19 a.m.
on February 12, 2004, when a Blackhawk helicopter (serial
A25-216) struck the upper branches of a tree while
conducting an extended high angle-of-bank turn at high
speed and at low level. The accident was attributed (among

other things) to a combination of spatial disorientation, high
cognitive workload, and G effects which ultimately impaired
pilot performance.

These two accidents demonstrate that at low level there is
very little recovery time available in the event of pilot
impairment or error. This case report and these two acci-
dents have much in common, beyond involving the same
helicopter type. All three events involved high-speed, low-
level operations. The case-report pilot could easily have
impacted the ground in this event, resulting in a fatal acci-
dent. The potential role of +Gz-induced symptoms leading
to loss of situational awareness must be considered in the
context of low-level helicopter operations. Gray-out in a
low-level helicopter could be potentially catastrophic.

More research is needed in terms of +Gz exposure effects
in helicopter pilots. As an example, a survey of helicopter
pilots could be conducted to determine the prevalence of
G-related symptoms. Such surveys should take into account
different helicopter types, environmental conditions, and mis-
sions performed. The results of such additional research will
help further our understanding of the operational significance
of G-related symptoms in helicopter pilots, which in turn
could point toward appropriate countermeasures.

This case report shows that adverse effects of +Gz expo-
sure are a real potential threat to helicopter operations. This
should be recognized in aviation medicine training for both
military and civilian helicopter crews. Such training could
also be supplemented by specific human centrifuge training
profiles that replicate low-level agile helicopter flight. Spe-
cific education should be given to helicopter pilots about the
need for proper hydration, the prevention of heat stress, and
the mitigation of various G tolerance-reducing factors. The
anti-G straining maneuver, as used by fast jet aircrew, could
be taught to pilots of agile helicopters to help them avoid
issues such as gray-out and even G-LOC. Protecting heli-
copter crews from adverse +Gz effects is likely to be an
ongoing and increasing challenge.

CONCLUSION
This case highlights the potential dangers of +Gz exposure
in modern tactical helicopters. Although the +Gz level was
not particularly high, the pilot’s +Gz tolerance was reduced
by the combined effects of likely dehydration and fatigue,
allowing gray-out to occur at a lower +Gz level than normal.
The dangers of such +Gz-induced visual impairment while
operating at low level are clear. This case illustrates the need
for more awareness of +Gz physiology and +Gz tolerance-
reducing factors in helicopter operations.
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