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In Modern Fighters,
The Human Body
Is the Weak Link

Modern fighter jets are capable of
immenae feats of speed and
mane

- In the process, I.houw"

they can subject their pilots to as much
28 12 times the normal force of gravity,
enough to make them lose vision or
even pass out. Now designers are
looking for new ways to prevent these
potentially lethal complications of flight.

EFFECTS ON THE BODY

Whan pulling out of & turm or a dive,
G forces push from the head to the

fagt, These positive G's overwhalm

the heart's ability to purmp oxygenat
ed biood to the brain.

DECREASED PERFOAMANCE

Al G's & pitol can barely move. The
10-pound head weigns 90 pounds,
breathing becomes difficult and com-
municating, nearly impossible.

EYESIGHT
Eyesignt fails first. Eye-laval blood

pressure detreases quickly. Vision

dims urtil compiete vision igss, or -
blackout, ocours.

BRAIN

Il high G's are not reduced immedi-
ately, G-induced loss of concious-
ness occurs. Tolal incapacitation
lasts 12 to 20 seconds, when the

up 1o 2 or 3 minutes for the pilot to
regain total contral,

NECK.

© INCREASING G FORCES

Many pilots report acute neck ...

fpain at high G's.

ARMS AND LEGS

Pain is common when blood pools 1=-arweesere:

I the: arms and feet
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WHAT ARE G FORCEST
When manuvering the piane,
fighter pilots are subjecled (0

powerful centrifugal forces that
creale far more pressure than
gravity ordinarily exers on the
‘body. The force of gravity
axperienced on the ground is 1G,
sp prassura equal to four imes the
weight of gravity is 4 G's.

BLOGD

PHESSURE

High-Tech Suits
Help Pilots Avoid
Gravity's Perils

By WARREN E. LEARY

WASHINGTON, Aug. 21 — When push-
ing & modern jet fighter through its
paces, being in a tight squeeze can be a
good thing

Many of today's military alroraft ac-
celerate so quickly and turn so rapidly
that they meet or exceed the physical
limits of their pilots. And a new genera-
tion of higher-performance jets soon to
join air forces around the world prom-
ises to worsen the problem, making it
even harder for the human component of
these weapon systems to keep up with
the mechanical

The human body, for all its extraordi-
nary capabilities, Is just not made to
take 6, 8§ or 12 times the normal force of
gravity. And [ts responses (o this as-
suult, from impaired vision to loss of
consciousness, can prove fatal if they
occur in the alr.

Researchers working with the world's
leading air forces are trying to develop
better countermeasures to the gravita-
tional acceleration, or so-called G forces,
that can knock out a pilot within seconds

of & tight turn at high speed. These
scceleration or decelerntion forces, ex-
pressed as multiples of gravity, or G's,
force blood from the upper part of the:
body — including the brain — to the legs.
und feet, and also mpair breathing,

Not only are sclentists working orf.
improved versions of gravity-fighting:
gear, like air-inflatable pressure pantg
and anti-G sults that push blood up t§
the head, but some are also testing radi=
cally different flight sulta that simulate
immersing the body in water (o counter-
uct acceleration forces. Swiss develop-
ers of the new sult, called Libelle, say
channels of fluids encased in the gar-
ment help it simulate the protective ef-
fects a fetus enjoys floating in a womb.

Dr. Fred Buick, a physiologist with the
Canadian Defense Minlstry who recent-
Iy helped develop a new anti-G system
for his nation’s pilots, sald the new work
wis resulting in the first major upgrade
in gravity protection since World War 11,
“Most of the sults in use now are just
minor variations of what they developed
then,” Dr, Buick said,

“There was some truly pioneering re-

Continued on Page 4

INCREASING G-TOLERANCE:

COMBAT EDGE

Current suits nclude & breathing system with 2 helmet, mask and
vest, which work In concert to counteract G force pressure.

R

@ A valve on the vest sensas pressure creatad by G forces,
When it goes beyond 4 G, axygen enriched air that ifie
piiat iz irsady breathing is pumped with greater pressure.

@ Pressurized air js simultaneously routed to the mask and measi-
tensioning biadder at the raar o ihe helmel:

Air i5 alzo sani to the vest, which applies prassure to the
pilot's chesl, prolacting against overaxpansion of the
chast under the strain of breathing pressurized air

.. A lower bady suit inflales with pressurized air and
conslricls agairst the legs and lower abdomen,
- increasing hliood pressure by pushing blaod up.

STRAMING TECHNIGUES

By braathing quickly and elenching all
major muscles, especially the legs and
abdominals, a pilot can withstand an ad-
ditional 1.5 G's worth of pressure,

The Air Force is testing a liquid-filled,
fuli-body, anti-G suit. Six ubes run from
head to toa and along both arms. The |
tubes swell and tighten the suit under G
pressure, pushing blood up. The suit is
self-contsined, eliminating the need for
on-board regulating systems o
compressed air.

PRAESSURAE MAKES
LIGUID-FILLED . SHAPE CYLINDRICAL

BLADDERS TIGHTEMING FABRIC
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. Designers Create Suits to Help Pilots Escape the Perils of Gravity

., [Continued From First Science Page
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- s G-foreoes pa pilota, and whol 1o do
hout i, 50 and 80 years ago,” be

The ferst workalble antl-G; suit, me-
cessfully testad in 1841, wus devel:
oped by & Canmdion tmim led by Dr.
Wik R. Franks. The silf, a ser of
overalls tghtly Inced o piloe's
body fram his snikies to vhe top-of his
chest, consinted of pen layers of rab-
beer with water in between.
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and kmpractical, the

Dr. Franks developed o
pered pants with airinflated blad-

In a way, suit
designers recreate life
in the womb.

Serd 0 the stomach and
bega, and that evolyed ot the Rt
procuction Cault. Mist curtent Jys-
tems otill wee this approach, with
ntaronnnectsd inllatablc bodders

L by alr p

from the plane snd  G-sensiiive
valves that und reloas pres-
sane whes)

Arather defense against G forces
pairing vivion Under Uwse coeds. iercedbreathing cechnigue ca
tioas, pilots Hrst exparience koes of B8 -G straining mansuver. This
codr Vision, of gEay-out, then nap.  ORTENCH-moreakiig techiigue,
owing turmed vision, followed by  Which can be cxtreaiely tiring i used
Muckint Tests show that blackeuts  Ofet, involves fol

e by hodidizg & breath for several
seconds while simiiliacooasly Light.
ening leg and stomach musches

To easy the sirain of this mancu.
ver and o wid brenthing researchsrs

Dungs through & foce maak. Wiils the.
methiod Grtolerance, it alsn
eould lead o bang demage tsreugh
overinfiation. To counteract this, the
Uit Spates Alr Foeoe introdoced &
wystem enlled Combaz Edge in the
enrly 19590°s This combines posliive
pregsurs bromthing with & cour.
vesl fn protect the chest.

The-Alr Force is péatng a nsw

A T iy Anti-L Sudt, o
Alagn, which it epects will replace
the carrool suld thal uses inDalnbis
hiaddars and stretch fmhric. Atags,
wittich b expecied to be nsed with the
v F-21 fighter, smirrounds the Yz
and covers the sniire lower body In
oo mir-pamped gRrmiant. Hessarch
indicates  these  umform-pressure

Lt Cal, Michael Sizoo; left, and Maj. Christian Ledes wear the Air Force's new amigravicy subhs, designed o counter the offects of rapis accekmaton.

et compled with the Comibar Edge
Fyelem increase crew high-G atdur.
At by 150 peromL

Lt Col. Don Digsed of the Alr
Faorce, whe evaluates G-suil fechnol-
ofy for the Alr Expsditionary Force
Battielah xt Mountain Home  Alr
Foren Baso in Idaho, said G-suits
combimed with Combat Edge bad
proved hdghly sffective m protaczing
pliots. Bui be said these pneamaiic
aymiomm, with thetr valves, pEmps

wisght

itood b have somothing simplar thur

workind o well or better,"” he sabd
One soch odvance could be the

Libelle suit, being develeped by Life

Sappert SyNtems, & Swiss compaiy.

The =0 full-body  muje,
which hins been tested by the Swiss
snd German air faroes aed undar-
went United States Alr Porce triaks
i miiimer [0 Texas and Califorida,
uzes Joeg Tabes filled with flusd w
combat high-G acceleration forces.
Anilress Reinhord, the physicis
and former Swisa Alr Fores piloc
wha fnvented the szt snd has heen
devaboping it for 13 years. sald tha
Libeiie worksd using the same prin-
ciplis @8 & full-body water sudl —
enby with most of the water removed.
The suir 5 cailed Libefls (pro-
mounced lee-BELL-ah) afier the Gor-
man. word for dragondfly, the only
animal that can withstaned 30 G's of
furce bocauae §ix curdias sys-
eern s gurronnded by @ Squid-filled
sa

*] chibd immersed
e ik is protected from stress, s
g & pliet weering ey sdt” Mr.
Reinbard sail HiS st prolotyps
mift oeed seven gallne of houid
sandwichod botwoet twa Layers of
material i protect subjects in high-
G centrifuge teste “The job af the
lasi 10 years has been o mduce the
liguid and  increbse the efficiency
e comifort of tha suie,” he gk,

The Larest Libells focks HEe o tght
form-fitting wetsuit with twn tubes
runaing from peck to mokle down the

Frome mndl apnther two down the back.
Another gt of fulies goes down (he
mptssta af sach arm, from shoulder
to wrist. The tubes, which Mr. Rein-
bard cnlls lgubd momsclen, have B
diametur of aboul (WD inches st e
tap and taper dion to shout one und
& hall inches i the btiom and are
Tiliad with about & guary and & half of

liggueiek

“The other integral part ol the dou-
bieskinned skt 3 the muterial mak-
Imijg g esach laper beiween wiich the
tibes rusi, he said. Under a tough,
ncaiat outer fabric of sym-
thetlc [iber i3 a streichable water-
proof membr o

Undes high-G acceleration, hyndro-
static forcan incronse t proesurs of
U Tl ot the Bottom of the mbes,
cataing them to awell nnd appiy ten-
st b (e sulf fabeic, which tghtens
s preverst ths rash ol biood tu lower
pirts ol Ui body. Th self-contained
wummwn:&humlbm
respanss o G-farces and requiTes no
external ar valves, Mr.
Redsilinrd sald, and Balances pres-
sures ui every paint ol the body just
a3 total waker immmerskon woald.

“Thi siidf stmulates what lappens
i wenpur withuut all e waber,” M,
Weinhard zatd, Pilot meting the mit
i centrifuges have withstod 13 @'
of sccelerating without a special

breathing apparatus like a Combal
Edge lecaise the whole body ks pro-

illiations, e subd, bl it ol nod as

stresaiul &8 with convertional asti-G

muiln and they can converse normal-

ly without positive pressure hresth
riering.

ingt i L
Cul. Peler Domitry of the Alr
Foree, the director of s Air Combim

Command's Human Speems (nte.
grition Divislon, who few in o L

it “Vou get into kind of an equilib-
rhuan stare, matching the pressumes
of the fhuid in the sait with the fluid in
the body." be said.

4 or
nEing & poitive pressure breathing
sysiam,” he said.

Alr Farce officiale conducting the
temin said much more developinent
wark on the Libelie it wan nesded
Beture ey could recoopinend buying
. “Bul we are pleasad, so far, with
whad (e sull i3 dolng. " Colonel De-
miery sabd.




