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symposiun: Design of a Modern High Performance Alrcraft

ACCELERATION STRESS - DESIGN CONSIDERATIONS

JK Gupila

Manceuvring capabilities of the new
generation tactleal fiphters are sub-
stantially greater than those available
with rhe current operational systems.
Mew high thrust-to-weight, lightly
loaded desisns will be capable of
sustained load factor perfurmance well
in excess of current designs Lhroughout
the flight envelope. Performance Inhe-
rent in these designs is hecoming a
challenge to the pilot's ahility to vse
his aeroplane te wmaximum capability.
High magnitude accelerations for prolo
nged durallons with rapid rates of
onsel and rapidly changing profiles may
well take the airerew to limits heyond
their tolerance during air combat
manoeuvres (ACM). Reports are already
available on G-induced loss o&f.cons-
ciousness (G-LOC)in some modern fighter
aireratt of the West. This development
has refocussed attention om the desian
and development of protective cquipmenLl
and methods to safeguard Lhe operator.
The prospect of an '8 G man' in control
of a 'l0 G aircraft’ has to be Ffaced.
It must be remembered that the pilot
has not only to survive the high G but

has also to perform optimally in that.,

environment.
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G Tolerance : Preosent Status and
Future Requirements

The relaxed G tolerance of Indian
tighter aircrew population has been
found to range from 3.6 to 5.0 G with a
mean vf 4.3 G at an onsel rate of 1.0 C
per sec. With the present anti-C system
praoviding additional protection of 1.2
to 1.5 G, a peak value of 6.0 € is well
within tolerable limits. Over and above
this,l G could be gained through a well
performed straining manceuvre for a
short duration. Slightly higher peaks
for a second or two are tolerated with-
out much detriment. This has besn actu-
ally ascertained by analysing various G
priafiles of the present generalbion
aircrait. Higher magnitude acceleration
of longer duration with rapid rates of
unsef  expected io the later generation
aireratt would be a different cup of
Lea. A large amount of work has already
gone on and is still being pursued to
find additional methods of protection
of man in the high ¢ eavironment. The
thrust has been towards the design of a
high G cockpit and artificial methods
of improving G tolerance.
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High € Ceckpit : Design Consideratlions

The essential element of a high

aecpleralion cockpit is a4 reclined or
tilt hack seat. Maximum Ioad factor
tolevances can be realised  through

application of the load
verse Lo Lhe body. IU has been establi-
ahed that the G thresholds increase
with the inerecase in tilt back from the

VecLor Lrans-

vertdeal amd are Hreerly proportional
te: the reeiptrocal of the vertical dis—
Lange hetween Lthe eye  and the haemody
namic indiffcrence point. The slower
tates of wisel lead Lo hlgher Lhres-

holdse  There 18 no difference in the
profection offored by anti-G sults at
vardouws tilte. Also there is lictle ox
o galen in € threshold till a tilt of

about 4% dep Trom vertical is ebtained.
[n wrder to raiseé tolerance by 1.0 C
From that obtained in a conventional
aedl, o hack dangle of 9% te 58 deg

would be required, whilst increments of
2.0 G nd 3.0 G require hack angles of
6Y dep and /4 deg respecrively. Trans-
ferring this information into this high
L cockpit would mnot only mean the
design of an eptimom  reclined seat hut
also the desizn of the total cockpit
for aceommudalion, conbrnl and display
lacatiom and the ejecrion system and
clearances in Lhe ejection path. It has
been determined that the maximum usable
sgat ‘baek angle (with respect to the
alreralt vertical axis) is 65 deg which
carers for substantial pllot protectiom
falwost 2.0 G) and allows integration

within the cockpit retaining vision,
reach and adeguate Instrument panel
space.

The high acceleration cockpit pro-
vides 4 new desipn consideration in the
evolution of helmet display systems.The
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present  systems arve designed for a
pilot sitting in the upright position
where his head 1is not supported and
head movement mnot resbricbed. The

requirement during high acceleracions
is- supported head wobilicy. A lopgical
approsch would be to add mobility
[eGatures  Into the head rest. Additde-
nally, the CRT and projection optics
could be carried 1in the head rest
wechanism  thus  reducing  the helnet
welight. In other words, it would mean
head rest sight  and display systems
rather than helmet mounted sight and
displays.

Positive Pressure Breathing (PPB)
in High G Environment

[t 1is well known that 1ncreasecd
intrathoracic pressure is directly tra-
nsmitted tg the large blood wvessels
and raises rhe mean arterial pressure
between the heart and the cyes. If the
intrathoracic pressure is raised passi-
vely (without straining) through addi-
tional pressure in the brearhing mlw-
tare, a similar rise in the arterial
pressure  could he achieved to raise G
tolerance. Not only is this method less
fatipujng than the straining methaod,
but the recovery of the cardiovascular
system is wmuch quicker. A number of
gtudies on PPB and G tolerance have
heen conducted on the  centrifuge.
Table I shows the increase in periphe-
ral light loss (PLL) thresholds over
the unprotected state with wvarious
levels of PEB. These fisures -~have
been obtained with the subjecls wearing

counter pressure garments. The  best
protection Is afforded at 45 mm TPPR
(2.2 GC). At higher levels of PPB, G
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protection comes down because of sheer
discowfert and Fatigue. A maximum of 30
mm Hg  PPB seems most plausible in the

Table 1. Influence of Positive
I'ressure Breathing on +Gz Tolerance

PFB +C¢ TOLERANCE Increase in

mm Hg  Control With PPB € tolerance
15 b5 6.9 0.4
30 fi.3 8.1 1.8
45 b.4 B.6 2.2
60 6.6 8.3 )

alreraft, Lhe additional pressure being
provided by the oxygen regulator. Up to
this level it is not necessary to have
counter pressure garments and is more
realistiec for our kind of environments
where the heat load in the cockpit is
high. Wearing a pressure garment like
the pressure jerkin would only add to
the total heat load. However, the pro-
tection offered by the same amount of
FEE comes down when unprotected by the
pressure garment. This of course iz he-
ing investigated further bur the fact
remaing that PPB could well replace the
more tiring M1/Ll manceuvres. From the
design point of view,the requirement is
of a G sensitive oxygen regulator which
would give the pre-requisite additional
prassure automatically after ‘'cutting
iu' 4L a particular level of G.
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The Anti-0 Systen and Nesy esiin
Anti-G Yulves

The conveonlional antl=ti gyscen
congigting of che anvi=0 suly and the

anti-C valve pives an additiodal proge-

ction «wof 1.2 tg l.5 C at  the nerial
gelling. The protecticn provided 1
dependent on two variables Fhis dmoun i
of aounler pressure provided and  Lhe
surfavce area covered by the bladders.
Studies have shown Lhal  the suyriace
urea  covered by exlsting antli-U wsulls
is near optimum both frum the prote-
clion as well as comfort polnt of view.

The pressures provided by vaeious: anti-
G valves vary from 1.0 to 1.3 psi dejic-
meding on  the type and settlu,,. The
later generation aircraft have not anly

higher peak pressures but also  higher
rates of [low. Howewer, the anti=g
wvalves now used for pressurising Lhe

anti-C sults durlng acceleratlion opo-
rate © too slowly for the rapid G onsel
capability onf the modern Fiphter air-
craft. In the present generation snti-
valve, there is an initial lag and &
slow phase of pressurc build up and the
cotal time for bulld up of peak pres-
sure is long. This is obviously inade-
yuate in an alreraft where high peak
is reached in 2 gec gr less. A new
design apbli—-G valve of the kind deve-
Loped for rhe F-15, F-16 series wonld
be mnore sulftable. Tt has the features
of providing a ready pressure or pre-
inflation of the anti-G suit as well as
higher rates of flow during the actual
G manccuvres. The ready pressuré in the
suit at 1.0 G {(about 0.2 psi) reéduces
Lthe air volume required to pressurise
the suit by 60% during omsct of G. This
in combigativon wilh higher flow ratcs
during G obviates the lag, and pesk
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pressures arce able to fellow the G rise
timesAn anbl=G valve with pre-inflation
and rapid flow characteristics is expe

cled to  pive protection 1.0 G higher
than the convenLionel onc.

A recently developed servo contro-
lled anti-G valve is reported in lite-
rAaLure. The servo controlled valve
depends  For its action upon the ampli-
fied voltage difference between the
gutput of an accelerometer, which sen-
gen G oand a pressure transducer which
genses the pressure Inflating the blad-
ders. The smplifier gain is adjusted to
malntaln a maximum loop stabllity and a
minlmum pressure lag. The protection
claimed by such a walve is about 2.0 G.

Combination of Protective Techniques

under Migh C

[t i evident that no single pro-
tective method would be adequate in
ecomhating Lhe high ¢ stress in a modern
fighter aircraft. MNewer methods are

being studied and the older ones are
being improved upon. However, it will
‘ultimately be a combination of two or

more suitable technigues thal will be
utilised by the airerew. A number of
studies have shown Lhat a combipation
¢f ‘wvarious teéchnigues pive protedlion
gqual tooar a 1itLle more than the sum
of the individual protection of each
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Thers

technique. have been no Indica-
tions in any study that the combined
effect has been less than additive of
that any one G protective method inter-
[eres with or somechow diminishes the
effectiveness of another employed at
the same Lime.

Exercise Training

Though this does not strictly Fall
into the catepgory of design ecriterla
for 4 modern alreraft, 1t has a direet
bearing on the individuals performing
in a high ¢ environment. In faclk exer-
cise training has becowme a firm curri-
culum in some of the countries already
using the high capability alrcrafl.
Thoupgh each londividual has his own
inherent resistance Lo G leoading, &
regulated cxerclse training ean improve
not ‘only the threshold of ¢ tolerance
but alsoc the ability to wilhstand the
stress beller without getting fatipued
¢asily, The emphasis is on exercising
and building up of the muscles of upper
torso, neck and arm rather than endura-
nce or atnletic training. Person with a
stronger upper body withstands the
repeated straining manoeuvres with less
fatigue. The denser vascular bed in tha
musculature in the upper part of the
bady allows Jlesser pooling in lower
parts and stronger neck muscles give
good support to Lhe vasculature in that
Arecd -



