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DEVELOPMENT OF “ANTI - G VALVE

so¥. Lon, A. K, Hasv, I, A, T, f Mun )

Aviative Medioine Boseareh Contes.

The importance of weromadical research i wall known and doos nol e e to b
gone into in any great detail.  The discovery of naw structural materinla, propetlants ele,,
ariging from the raec for lenderahip in aviation, has ushored in anoage ol high transonde
aml supersonio Hvine for military wied civilian  passongirs.  There §8 wlso a grenl
deal of optimism nwone topranking seientists regarding intar-planetary  travel in e
pol-too-digtant  future,  Tn all these things the limitalions of the homan ayaterm, howoever,
seem to be very much the deciding factor. These llmitations have to be removed or pe-
dueed to a minimum hefore higl speed and high allitude Aying becomuos comman o,

In many western countries, research in Aviation Medicine has heen undertaser
for many yeurs now. The United States has even an organisation for work on Space
medicine.  The research done at the aviation centres have contributed much towards
comfortization and safely in fving. Hecognisine the importance of asromedical resparch
a fuw centres have hecu estublished by the LATF. for studying medieal, phyziological
atd psyehological problems.

Development of Anti-G-Valve.
Mechanies ;

Before starting on a detailed deseription of the development. of an anti-G.valve,
it srems desirable to explain what is meant by the Lerms ‘@' and anli-Q: This requires
the elucidation of & few fundamentel prineiples withont which a proper appreciation of the
subject may not be possible. Present day aircraft. mainly the military types, are
desizmed for hizh subsonic and und snpersonic speeds.  Added to this, the fighter aireraft
are fully aerobulde. These characteristios are dictated hy military considerationg

Unuecelerated “fight, wharever the speed may be, does net have any effect
an the pilot. This does not, of course, include the thermul effect due to nir frictinn
at high speeds.  This iz a separats problem and is not relevant to the suhject under gonai
deration. ‘Imertia forees’, due to dccelerations which arjse from the change in spoed either
in mognitude or magnitude and direction efoet the pilot.

From Newton's second law of muotion

{l) 1P =iy % e
where m—the mass of & budy
@ —anesleraticn

F _force on the body,
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The samo body at reat in carbhs’ gravitationul ficld has @ weight given by
(2} W=m=G
Here O i the gravitation eonstual,
From (1) and {2)
F_ =
(3) wou="

If we say that body suffers a foree of 60, {i. e n=6) we mosn that the bdy
i seted npon by a foree due to an accelerution which is six times Lot e e the
enrth's gravitation. Thiz would be olear from  cquation (4], T wiversfl engineering,
fundamental unit of acceleration is the gravitulional constant G uand neeolorations
cacountered in manoenvres ete, are expressad as multiples of ‘G

Aceelerations ean be linear or redinl and are procduced by reetilinear or vurvilinear
translations of u body. Linear accelerations are mat with in jet assisted talie-off, ceauls '
landing ete. These have no relation to Lhe present subject. The radial or centrifugal
scosleration which coneern us is produced when a body meves in o curvilinear path, This
neceleration is piven by

¥
) A s
"
where V=aircraft speed

r=radius of turm.

These are ta he expressed in consistent units for calenlation  purposcs.  Koaation
i4) ean be rewritten as follows ;

2
; v
[5-} n:.-.i e g—
0 ro
n=ratio of ventrifugal aceeleration to G. 5
-0
Hquation (5) shows that —is the eriterion and not V, . Tt also gives the relation bet-

ween the speed of the aireraft. the radius of tum and the {3 imposed during soch a turn,
For an aireraft flying st say 4530 m. p. b the mdins of tnm has e 1100 warda to pro-
duce an aceeleration of 4 3. 1f v’ = to be reduced, ‘n’ naturally inereases. '

Due to radial acesleration a cantrifugal foree is created whivh acts away from the
eentre of eurvature of flight patl of an airerafl. This can be of two kinds, one positive
and the other negative. The ‘positive’ centrifugal foree aots on the pilol from el e
foot. The ‘negative' foree acty from foot to head. The positive frree is encountered inoa
loop or & bank. The negative furee goours when the pilot does an outside loop or when he
levels off afler a elimb.

Medical Aspects.
Briefly, the physiologieal effects of varying dagreea of railive aoceleration on e
human body are aa follows:-
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Cardio-Vascular System.

The forees required for turning an asroplane are transmitted in o direction parallel
he Jong axis of the body of the nirorew seatod in & normal attitode.  The important
vedeela of the sirenlatory system are mostly diaposed alongr the longz axia of the  hody, ol
the arteries and veins are eapable of distension and dilation, The vessels dilate due to the
mnereased hydrostatie pressure created by the cooleifugal foree,  So during o posilive
-aeoaleration the blood from the head, neek, fwoe wl thorwx tenda o flow to the abdomen
andd legs.  This conscquently inerases the volume copacity of the lower portion of the
oivculatory system with correspouding deap in Lhe hiloed preassurs. The rrahf Jreard Becomes
rtually empty. Henee with ineressing (3 the heart is gradually unable to pamp
divient blood W maintein veulsr or cerebral arenlation,  ‘This accounts for Lhe paelind ar
wplete loss of vision or even uncossciousness for a very briet period.  Althouph the EATE
P ey Lpgeranel veb the circelation to the ratina ig ont off first, due Lo the Get chat the Y
hus i internul pressure of approximately 18 mm of Hg,  The legy feel smneh heavier due
to the conpestion of blood

RE;:pnﬂf.Df}' System.
With moderate acceleration of 2 to 4 *G" the respiration hecomas more frequent. At
4 5 ‘" and above breathing heeomes irregular with long slow inspiration and mochani-
eolly foreed expiration.  This has been atteiboted fo traction of the displhrogzm  with
associnted sagging of the thorscie visvere. The initial increase in respiration muy e
ssueed by reflex effeels of the Sinus Curoticus and in part by pavehic effect.

""ane Connective Tissue and Muscles.
The muscles of the chesks and Tips are plllled dr:-w:uwnrdﬂ with lnereasing *2'.  The
vutire body becomes heavier. Atapproximately 4 ‘G7 in the sitting pusition the c-:-rv:ml

suseles wre uneble to o suppart the head resulting in the _drooping of the heud aver the

chest, T+ i= with grearn diffienlty TE'|FL[ Gne faAN raise tus arma,

Alimenlary System.

The shdominal viseera sag down due to the downwan] trastion, The degrec of
A+ sing is proportional to (he imposed ‘G,

“Aral Mervous System,

The vrientation n space and the reaction time are both impaired. The inoreased
reaction time iz dne to a diminution in circulation in the brain,

It may be mentioned Lere thutl the degres to which the various physiolorical
et ata are imposed on lhw fivr varies directly with the centrifugal foree,  Howevor, the
absolute magnitade of ‘G’ tlersnee depends on the following factors,

(1) Degree of aceslaratinn

(2} Duration of exposnre,

(3) Direction of the forse in relation to the long axis of the hienty
{4) Pavcho.physinlogical eondition of the organism.
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Protective Device — ‘G' Suit. ™

Tt will bo appreciated  how much of & dislvantage oven o tempoeniy los ol
control ean he in military combat actions, [t s therefors, our aim to delay the visen o
losw of control or black.out of o pilot.  “This eae be aeliveed b the wppdicnbion ol exleennd
prossure on the body. As the internel pressure produesd by the congestion of Blowd s
hydrogtatic in nature, the correet way s lo ensare that the extomal pressuee applivl
wlao hydrostatio, "This meens that o kind of water Joeclet Lo o be worn by the pon
dharing Hlight.  Dut such ao sreangement i hoth heavy and fneonvenivnt sml g0 hea
be ruled ont. The other ulterintive then is to design some Kimd of Auit which, when
inflated by air, cun apply presaure to the abdomen, thighs & legs.  An these ploces, the
axternal pressure bres Lo constelet the main blood  vessels thus delaving  the g
of hlood to the legs und feer. Snch a suit isealled the “Gesuil”.  Tha auin cascii ] by
eimalsts of two sels of thres inflatable bags mwle [rom rubberised fahrics or vinelive
nvlon fabeic.  These hags are an placed that thiey come over the abdomen, the thighs el
calt museles.  The soit iz worn next to the skin or us elose as possible o it.

The “snit’ is inflated by o specially designed valve eslled the anti-Gevabve,  This
valve has to carry ont two functivms: Inflare the *Gosuit’ antomatically na Llie nieerndl
ous into & manceuvre and regulate the div prassure dapending upon Uhe inlensity of Lhe
[T

The supply of air for the snit s obtained from Lhe pucummtic svstem of the
gireraft,  As the pressure may be of the order of 300 to 600 p. 4. i., suitable redueers have
to he nsed before the air cun be fed into the anti-Govalve,  Where uo PHICIIMEATIG AVATRIN B3
provided in an sireraft, the air from the pressure side ol the vavuuwm pump ean ke gsed
In the easc of Jet aircrafr, the air from the turbing casing can he tapped. s o
compiression the sir iz at a high temperature and has W be cooled befors it enters the sui

Az the anti-G-valve has W admit awd rezulate afr aceording to the maneuyre,
i5 elear thar it has to be actunted by the centrifugal fores that acts on the aireralt.
vulve ig. therefore, mounted vertically in the wirceaft.

History of the Project.

Two types of design were considleved. one elcetrienlly operated and tha other
purcly wevhsnical. The larter was finally prefeered due bo its extreme simpliciny.  The
work wos divided nto three stages.

(V) Tlesigning a valve to check the prinmple of operation and the correctness of
aesimplions mde,

(2} Manufacturing o prototype for flight trisls.

(3] Makin; ;the tinal desipn bused on experience from tlight trials,

Checking the Principle of Operation.

Having decided npon a tentative design of o valve, one unit was mannfaoiamn
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It tout,  As the viulve wag o ba e natad by centrifineal fores TEowiksd piot edsy (o argngee
for o dowt,  There s iy Human wntrifoee in Tndin o o nubile tests Lo b ennductod,  Soon

whirling aen was bnill, This eonsisled of o rotat

arm made from an alumimrim ally channel
reetion sad swivelling about o gxle mownted-on bl bearings.  Tho arm was: rotuted b
an M voll eleetrior motar thraugh u ehain deive.  The valyv witd [ixed to the alumininm
channel by means of bolts,  Ajp supply wos ohtained from the compressod ale line in the
workshops,  The pressitre was of onurse stepped  down to o winll value by meins  of
proseuce regilitoes The alr was talkoen te the rotuting vilve through w swival Juirit
{ nnilably morlificd) and the Lollowed out axle of the whirling arm.  Proin the vitlve Ll
arr e talen booa Elalivnury nxygen bag which served s the suil,  When a triul
I wWiys rmulv, Lhs valve Wi #eel Lo inflate and deflnte Lhie h:ll_{ .r.||!--|:1:|;|.r|1'.'1||_'l.' Ihlrl]'.'!'ll
the while A[PRTrE s was noar f"fl'rm'||l.-u'_';' m eonglruction

Anthor testing thas doatpn of Lhe Anti.3 Vidva

Working Mechanism of Ant ‘G’ Valve.

The sati-G-valve consists of two unita, They are air sdmission valve ned sr
Iressire reguloting valve,

Air Admission Valve.,
The requirements for this valve, are,
(1) 1t shonld not admiv air 10 the auit during level flight.
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(27 Whon s mancotvre stacts, it should anap apen and allow air to the aait.

{4) When the aireealt levels off alter a manoouvee, the valve should snap olose
and al the snme time deflate the suit.

(4 Valve wetion should be fully sulomatic,

In the care of those aircraft where the nir can be rapped ot will [ thiv iy posaible
with the pnenmatic syatem ) a simple valve whiah is purely meshanical in aation or one
which is operated by a solenoid can he nasd,  Ona such design consiste of o pistan with
wo gpring loaded poppet head at the tap of the piston.  The apring is providad to ensuore
thit, the valve dees not funetion during bumps in the air or on the ground.  Tha piston
moves ngainst and is stabilised with the help of springs.  ‘The action of this valve iz as
followe: The valve s monnted in & vertioal position.  During level fight, the apring keeps
the piston in the ‘up’ position,  So the bottom port is open for the air from the vaouum
pumpr to discharge continuvusly.  The top port is kept closed by the poppot head,  So no
air goes to the regulationg velve and from there o Lhe YGE-suil’, When o manoeuvre
starte, the centrifugal foree acts on the piston and the poppet which being heavy { made
from brass) moves downwareds compressing the apring. At about 23 G and above, the
hottom port closes and the top port opens, Adr instead of beiog by-passed, passcs on o
the regnlating valve.  When the aireraft levels off. the centrifiugal foree on the plsten s
reduced.  Bpring pushes the piston upwands, The top port closes sl the bollom port
upens,  The air from the vacunm pump is again by-passed amd no aie 7= allowed inlo the
regulating side

Though the principle is fairly simple, some drawbacks compelled ns to drop
thig design,
(1) There &= no snap action at 2or 2% g

(2 Due (o difficulty of designing o spring, it is impossible fo achisve closure of
this valve before 3 & is reached.

Rince an electrically operated valve does not suffer from these disadvantages.
sich & valve waz desigmed.  This valve consisted of o stainless asleel rolor mounted on
ball hearing and rotating in the housing. Actually, the rolor does not rotate but only
oseillates thramgh 907 . The rotor has a through  hole and 2 slots,  these having %07 phase
difference.  The through hole is for passing  the air fom the inlet to the outlet when the
three are in line. When the rotor turns through 907, the slols come opposite to the
inlet and outler, Az the slots communicate with the outside slmosplhiore, the air is by,
passed. The rotor is actuated by a solenoid through a gear mechanism.  The solenoid
which is a 24 volt elastrical eirenit, is energized when o micro.switeh is closed automatieally
by centrifngal foree.  This valve alan had one drawback,  As Lhe ¢leacance between' the
rotor and the houging = of the order of 0.002 inches, any Leaey of 0il in the air supply
made the rotor stick in the housing.

Pressure Regulating Valve.
Prossure regulating valve which was [rst evolved consists of & piston which
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operates in the housing and is kept foating by twn spriogs. [t has the inlet connestion to
the CGoruit and the outlet to the utmosphere. T level fight, no air is admitted into it by
he air admission valve. Bnt when ‘G' pets, air starls coming into the wmull chomber
of the pressure rogulating valve,  But as the piston moves dowy under ‘G Lhe outlet to
stmosphers is throttled.  The buck pressure n the chamber inereases ind the air Hows
throngh o the “G" suit.  This srraogement which may be ealled the ‘constant leakage
aystem’ has ane disadvantage that due 1o the constant leukage the rate of influvion of
phe Gernit s slow.  So this was disearded in favour of the present system which works

on the prineiple of o salety valve,

Final Design,

The principle of operation is as follows,  Air from & pump or the turbine cesing
anters the valve body. In level flight, the piston in the regnlating valve lifts np under the
lenst presaure and the aiv passes intn free air through ports pro vided on the regulating
valve housing. A vertain amount of back pressure develops in the valve body, but this is
not anficient to lift the Dapper valve in the air admission valve, The pompression of the
apring can be varied so that the Happer can lift up wl any required G'.  Ln the design
of preasure repulating valve, thers seems to be a relation between the uarea of the wvalve
port, the moving brass weight which is actuated by ‘G' and the compression valoe of
the gpring,

Let W be the weight of the brass wt. in pounda.
N igthe 5.
B is the mpward losd exerted by the spring,
A i the area of the vilve port.
B s air pressure in pos Lo dhe valve bady,

Considering the equilibrium of the pistun nod brass weight.

P.A, = HNW - R
or P = NwW — R
2 S

Ag per medical reguirements, P oshould he zero at 13 G and bevemd that P
ghowid wary st 1 oposo 1, per G

a P = W —15
Ho if NW ER = X —15
A N
-}; = 1 ond _]:; = L& {(Numerically)

Su for a fixed voalve pert area A, W & Rare known, The equation holds good
ag lomg as the valve remains elosed. Put as the safety valve piston vises, Lhce pregsure
slightly drops.  This is aceounted for by reducing the port area somewhat.  The design
bnged on  thie ealenlation has given excellent results.  When the aireraft goes into o
manocuvre, the centrifugal foree oets on the moving bruss weight of the recolsting valve
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mapl the valve port is closed,  The baek prossure of the adr i the vildve hady  piges po
the partienlar value automatically  determined by the vegulnling vulve,  Tooan oedinaey
safely valve the pressore ot which the velve shonld hiow ofP g sel by oospring, o thas

s the gettings wre nutomatis iy govermed by the G acting o the mowing pisdon,

'G' Tolerance Afforded.

Now we come to the netunl requirements for the vadve and a Aiseyasion ol the
todernniee afllopded ],:' the “GG' sujL.

The reguirements of the valve aee

(11 In normal flishe  and in bumps, the valve should not inflate tho il

(2} In u mencenvee: the valve shioold stant funcrioning ot aboul 20, The

2
pressures showld be soch thut ar 10 G 0t [s vero wl from thet on Lhe preesainre
viriesst the ratc of | pox i per & . Thusat 2 G, pressure is 4781
ul ' G. ftie 2y pos i ete,

(«) When the aivernfl  levels off, the vulve should autaimelicully  deflate
the &ui

o REILLALS-F
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H un oscillogram of the *G° and pressare variation againgt Lme wers to he taken,
the curve wonld be like the oneshown. The time lag in the Dbuilding up of pressure ot
the =tarr of 8 manocuvre is necessary ws some tima has to clapse before the blood o
flow down tv the pluces where pressure is applied  When the sireruft starts levolling olf’
the air pressure in the =nt remains fora short time. This is HeCEsEAry. otherwiye,
the sudden removal of the pressare will resuit in the blowd still Howing  downwards
rhe tor the fnitinl momentnm,  This will resalt in the pilot Blueking-out tomporily,

The:tnleranee afforded by the suit is o bil Giffioalt to apenity withoul w Lost on
thi Homun Centrifige.  The tolorance afforded s aboul 200 Tn othar worels; I withean

the-l suit the pilot blacks oul ut day 301, the suit helps him to stand aeoolerations uple 70,

Tl valve hng been flicht tested jua Jot nireraft Thig test, of conrse, an oy

wliiwe 1 he pilet’s raetions after using the Gesait. A more vomprechensive tost aonld e
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dene in o Human Coentrifuge. Unfortunately, in Indis, we do nob have & i

pnd so s detailed avitluntion cannot be done

fmbi-0-Valve degigned at the stion Modinine Besourch Cantre.

Special Features of the Anti-G-Yalve.

The anti-(3-valve e at the Aero Medical Centre has the following outstan-

ding advantages,

(1) 'Ihe design it very simple.

(2) Maintenance prohlem is practically mil.
stment bath as regards the ‘G’ at whieh

{3} There is very great flexibility of o

{lie Buit should start functioning an 1 the rate of pressure increase with G

Conclusion.
An attempl has been made to explain brisfly the working of the anti-G-valve
Rasearch Centre.  The tests so fur conducted  have

designed ot the Avialion Medicine
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prived very satisfactory. It ju hoped that, when the

bust  progrumme iy et ple Lo
thie anti-G-valve will In aoceptad

as standard equipmoent fiur the Lulinn Aiv Foren,

We must provide morn facilitios at the varions
then be possible o procged with the work

Inte o start

Pesearaly conbeen i Dnalin, 1L shonld

in o mars antisfuetory mwanner,  Hy ving hmd an

we huve a looy way o go betore we ean Lo aplf
field of Aviation Medicing

in aero medical rosearch,

snfficient in the technical advances in the

Acknowledgement,

I am greatly indebled to Mr. 8. K. oo B, B

A. F. Re. 8. for his techuicnl Ll
i the developmoent of

this project




