HIGH SUSTAINED G FORCES
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DURING 1983-84, the United States
air Forece (USAF) officially acknowledg
ed nine #Hircralt asccldents in which
loss oI consclousness (LOC) under high

G was considered as the primary cuause
{13, Nerthrop had recently confirmed
that G-induced loss of conscliousness

{(G-L0CY was the cause of accldent of
Lhe second prototype F-20 aircraft. The
same is suspected to have caused the
aecident of the first prototype F-20 as
well.

LG due to airerafr acceleration is
not something new. In 1956, Stoll (6)
published her classical work presenting
tolerance curves and nomogram for grey
out, black out and unconseiouszness for
various levels of C attained at diffe-
rent constant linear rates of onset. In
the 50s and 60s wvarious studies were
carried out on retinal cirtculation
during acceleration forces identifying
black out and black out with fainting.
However, it was only in the late 70s
that Whinnery (7} identified LOC as a
phenomenon separate from black out and
warned pilots flying high performance
aireraft that loss of consciousness was
considerably more dangerous Lhan simply
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an extended black out. Cases of LOC in
Human Centrifuge have occurred occasio-
nally in experimental conditions. How-
ever, these occurrences were considered
In the context of centrifuge problems,
with little concern relevant to opera

tional flying. Tt was during 1976=-78
that this problem was studied in the U8
by analysing video tapes of the cenbtri-
fuge runs (2). '

Physiologlcal Basis

G-LOC 1is explalned by siwple fluid
mechanics applied to the cardiovascular
system. The wean pressurc of the puup
is 100 mm Mg at heart level, this being
the driving force for the blood supply
to brain. The height of the column of
blood between heart and brain is about

30 em, equivalent to22 mm Hg pressure,
opposing the driving force. Thus at
1 ¢, the brain or eye level arterial

pressure is about 78 mm Hg. For every
additional ©C applied, the eyelbrain
level pressure is reduced by 22 mm Hg
and at around 5 G, the pressute is vir-

tually zero, leading to black out/LOC
in a relaxed individual. Physiological
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changes are modified by Lhe barorecep-
tors, but this mechanisw takes 5-12 sec
to come Into play.

In the normal course of events, a
person will grey out, black out and
eventually lose consciousness under
Increasing +Gz forces. However, another
mechanism for 10C is by bealing the
reactlon time of the baroreceptors.
Under such rapid onset (RO) of G, &
person may not have Lhe normal prodro-
mal symptoms of prey out and black out
and LOC way ensue quickly and unannoun-
céd. Tn aircraft like F=15, F-16 and
Mirage-2000, 1t is naoat only the high
Sustained G (HSG), but also the RO HSG
which predisposes a pilot to LOC.

Video studies of 10C have brought
out the average duration of incapacita-
tion to be 15.0 sege, with a range of 9
to 23 sec amongst 25 subjects (7).
Following LOC, the pilet is in a state
of vonfuslon, disorientation and apathy
lasting for another 5-10 sec. The LOC
1s usvally associated with a twitch 0T
involuntary movements of one or more
extremities.There is retrograde amnesia
and very few realise Lhat there has
been a missed period in the course of
events.

The problem of ¢-10C initdially
surfaced among trainee pilots and was
thought to be assoclated with some
training problem. In the USAF Air Trai-
ning Command approximately two LocC
episodes occurred every month during a
four year review: the mean © level for
LG while flying trainer aireraft WAS
3.8 Gz with a range of 2.0-6.5 Gz (1),
& 1983 G-LOC survey in the 0US reported
a rate of 128 (5). 10C incidents
occurred predominantly in the 5.0-8.5 G
region. Many of the dncidents were
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noted 1in F-4, F-15 and F-16 but mast
of the LOC-related fatal mishaps were
in F-16 alrerate,

The F[uollowing are some ul the
causes leading to 1OC in flight:

4. Hapid onset of .

b. Unpreparedness for che RO HSG
elther by the secand airerew or
the alrcrew hilmself beding  sur-
prised by the manceuvrabllity of
the atircraft.

¢ Slow response  of the anti=Q

system.

d. Improper anti-¢ dbLraining.

o

2. Inadvertent disconnection of &

suit hose,

£. Return after a
Elying.

pericd of non-

Z. bEtIRUg.
h. Inmadequate hydration and diet.
j+ Poor physical srate.

Except for the USAF, most other Adir
Forces, have not reported many Inei-
dents of IOC and hence studies dare
limited. USAF became awarc of the LOC
preblem at a very early stage and the
research work carried out ia the US
helped other countries like Irance,
producing aircraft of similar capabili-
ties, to be prepared for this problem.
The realisation that G-LOUC in dircraft
does not have a medical basis in asyup-
tomatic aircrew, has also helped USAF
in their introspection of the problem
(47,
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Unlike black out, G-10C is due to
brain hypoxia. Concerted efforts are on
for in depth studies inte the G-LOC
problem and means to enhance tolerance
b Hiwg

Protective Methods

The objeet of the € protective
methods and devices s toe enable the
grew to explnlt the capabillities of his
weapon system fully. The methods can
be grouped as under :-

d. Personal Protection

= Anti-0G stralning manceuvres
- Role of exercige training

l:. Hardware Programmes

- Anti-G svystem (Valve and Suit)
Anti-G hose and connectors

- Positive pressure breathing

— IMgh & eockpit (Tilrt back seat)

= Light weight helmets

= Aulomalbie recovery systems

Personal Protection

Anti—G straining manoeuvres (AGSH),
variations of which are code named as
Ml; Ll or M2, have been praclised by
pilots flying the older generation air-
eraft. Thoupgh the concept iz nob new,
the Zfull ‘potential of AGSM has been
realised only recently. Todav, a well
coprdinated and timely straining ma-—
noéuvre 45 ‘considered as the single
most important factor in improving G
taolerance. Many quite emphatically
state that the ultimate factor  limi-
ting sustained & tolerance is failure
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to maintain adequate blood supply Lo
brain as a result of the Inabllity to
maintain the performance of the stral-
ning manveuvre. Repeated straining is
tiresome to the pilots. Once [atigue
cnsues, the manocuvres monopollse atte-
ntion at the time of combabt, Lhead move-
ments become dlfffcult and the muscular
relaxation which follows redudes Q
tolerance. Tt s in this light chat
many of the Alr Forees abroad have
adopted tralning and exerclse program
mes for the alrcrew.

thysical conditloning programnes Lo
Improve the strength and stamina of the
alrerew are recelving world wide ablben-
tion: Tt is apparent from many studies
that though each individual has his own
inherent resistance to O, regulated
exercise Lralnlng can improve not only
the & threshold but also the ablllly Lo
withstand the stress better without
getting lalLigued early. There has been
a lot of discussion on the relative
merits of the diflersnt physleal fit-
ness programuwes, Individuals cngaged
in endurance running or althletle tral-
aing arec generally found ro have lower
G tolerance than average, Yet, the
improved cardiovascular Lone helps  an
individual to withstand Dbetter Lhe
stresses involved in high G [lying. If
the negative wvalue of lowered bloed
pressure In aerobic trainineg can be
offset by exercise to provide woluntary
increase in blood pressure during G
manoeuvres, a total benefit would
accrue to the high G aviator. It Is
under this philosophy that the idea of
providing upper body weight training
gained favour very rapidly. Regardless
of the doubts of this philosophy, 1L
was always agreced that such a training
programme would certainly do no harm.
Today, with many Air Foreées having
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adopted Lhe exercising programmes,
there is little doubt over the benefits
nf training. The schedules are designed
te be an optimal combination of streng-
th and endurance training with regard
to. intensdry, frequency and duration,
the emphasis being on exercising and
bullding up of abdominal, upper torso
and neck muscles.Surveys on individuals

following Lhe exercise programmes have
shown a high degree of acceptabilicy
aumonget alrcrew who have not only re-

ported an Increase 4in O tolerance with-
out  fatiguing butl also a feeling of
bedng more Iit,

In conjunction with weight trai
ning, aeroble training In the form of
Jopping or playing squash/tennis twice
or thrice s week is carried out. The
racommendation 1s that Lhese exercises
be tcarried out for 20 - 30 min on days
alternating with weight training. Run-
ning distance should not exceed 3 miles
per day.

Hardware Programmes

Anti-C Bystem: This is the old and
reliable gystem serving the aircrew for
many years. The anti-G suit and the

.peak pressures provided by the valves
are uear optimum and provide a pro-
tection of 1.2 to 1.5 6. However well
it may have served, the inadeguacy of
the conventional anti-G valve has
been brought to light by the rapid ¢
‘onset capability of the modern fighter
aircraft. The valve has an initial lag
‘of 1 to 1.5 sec and the total time
for the build up of peak pressure is
long. This is obviously not enough for
an , aircraft vhere high peak accelera-
tions: are reached in 2 sec or 1less.
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4 number of new deslign anti-G valves
have been developed some of which
are already in use while others are
undergoing trials. The main advantage
is the high flow characteristics of
the wvalves which allow peak  pres-
sures to be redched in less than 2 seoe.
In other words, the peak pressures

supplied to the anti-G suit follow the
G rise Lime closely., Some of the
valves have the added feature of provi-
ding ready pressurg or pre-

inflation of the anti-C sults. & combl-
nation of high flow ready pressure
(HFRP) Is claimed to have an advantape
of 1.0 G over the conventional valve. A
variety of Improved anti-C valves are
coming to the forefront, the published
reports of Elight test results of which
are awalted. Some of them ar the
electronie valve, the servo-controllesd
valve, the 'bang bang' solenoid wvalve
and the synchronised external pulsalion
(SEP)-controlled valve. The anti-G suit
may have very little to offer in terms
of modifications for improvement, bul
what has caught the attention is the
need to integrate iL with the garment
that may be required for nuclear, hio-
logical and chemical warfare.

anti- Hose and Connector: Various
survevs and Investigations of G-1.0C
incidents have brought out that the
bavonnet connection between the anti-
G hose of the aircraft and the connec-
tor of the anti- suit sometimes
becomes loose or totally disconnected
during rapidly built wp ©. This has
prompted modification of the anri-G
connectors and improved varieties are
now being made available. These, along
with freguent checks on the part of the
aviator, should climinate future occur-
rences of such incidents,
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Positive Pressure Breathing (PPB):
This method of improving ¢ tolerance
hag Dbeen on the cards for quite soue
time now. A number of centrifuge stu-
dies have proved ivg efflclency beyond
toubt . The principle 1s akin to that of
the anti-G straining manceuvre where
the intrathoracic pressure 1is raised
artilflicially. However, in this case the
pressure  is raised passively (without
straining) through addivional pressure
in the breathing mixture. Tts main
advantages over ACSM are that it is far
legs faLipulng, the cardiovascular
recovery 1s much quicker, and it eli-
minates Lhe counter-productive possibi-
ity of a wrongly donc Ml manceuvre.

The crux of the hardware require-
ment 1s a G-sensitive oxygen regulator
whiclh would give the pre-requisice
additional pressure automatically after
"eurtting din' at a particular level of
G« The USAF is 4in the process of flight
Lesting one such repulator to prove its
operational suitability. The features
of that regulator are initiation of PPB
al 4 G, provision of 12 mm lig/G upto 9
G, maximum pressure of 60 mm Hpg at 9 ©
and chest counterpressure egual to PPB
pressure.

For Tndian conditions, where the
heat load in the cockpit is hizh, 30 mm
Hy a&additional pressure would he wmore
realistic as this could be tolerated
without additional counter—pressure
garments. The remaining increase in
intrathoracic pressure  could be
brought about by 25-50% of the
straining manceuvre.

Tilt Back Seat and Leg Llevation:
The didea of converting +Gz diato a
load vector transverse to the body is
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nothing new. IL iz well known that +Gx
is much better tolerated than accelera-
Ltlons along Lhe longitudinal axis of
the body. The essential element in a
high G cockplt would therefore be a
reclined or a tilt back seat., 1t has
also been established that to obtain
any appreciable gain in €6 threshold
(about 0.5 G), the seat has to he rec-
lined by at least 45 deg from the
vertical. In order to galn 1 G, a rcilt
back of about 53 deg is required while
Increments of 2 and 3 G are obtalned al
£9 deg and 74 deg recline respectl-
vely. Transferring thia  informatlon
into the high G cockpit Is by no mcans
simple. The degree of recline of the
seat  would be restricted by so0  many
erponomic conslderatlons as well as the
oporational configuration of the alr-
craft. The designers, of course, are
still at it. The most favoured design
sbill is the arLliculated reclined seat
which ecan be selected through a alde
hand controller to a high © position in
combar, wuprisht position in erulse or
on ground and an automatic upright
position during ejection. lLrrespective
of the desree of U protection offered,
any increase in iacline along with leg
elevation would increase the confort
and reduce fatiguc in a high C eovi-
ronment.

Light Weight Helmetr: Cervical pain
or ‘"neck catches' are often reported
amongst aviators Flying the high G
aircraft. The incidence is fairly high
even amEongst our own o alrcrew flying
these kind of aircralt. Though these
incidents are often due te wunavoidable
and sometimes avoidable head movemenls
during combat manceuvrins, the weisht
and comfort of the helmel has a8 signi-
ficant role to play. The cmphasis now
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is  on making the helmets as light as
possible and make them as individual
fits for comfort. The role of stren-
gthening the neck muscles through {so-
tonic exercises is also stressed.

Auto-
in the event

Automatic Recovery Systems:
recovery of the alreraft

of G-1OC of a pllot is indeed a novel
idea. It is based on the assumption
that even with the best protection
provided 1o the aviator Lhere still

cxlsts a possibility of experiencing a

G=LOC. If the aircraft could be desig-
ned Lo accomplish an acute recovery,
the pilot and the aireralt could

still be saved. R&D programmes have
been initiated by the US with the
approach of initlating auto-reco-

very based on a set altitude clearance,
or integrating the C-LOC recovery with
a ground proximity warning system.
The current modification suggested for
the F-16 auto pilot system is that
wings would roll level and pull up to
3 6 to return to the set altitude when-
ever the aircraft sensed that it was
below the floor altitude set by tLhe
pilot. We should be hearing more on
the auto-recovery systems in the near
future,

Conclusion

1t is evident that no single prote-
ctive method would be adequate in com-
bating the high G stress in a modern
Fighter aircraft. Newer methods are
being employed and the older ones are
being improved upon. Ultimately, it
will have to be a combination of tech-
niques that will be employed. The re-
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sults of a number of studies (3) have
shown that combining of protection
techniques show an additive effect and
any one method in no way interferes or
diminishes the offectiveness of the
other.
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