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Positive pressure breathing and G-tolerance

in the STU-34

Wg Cdr JK Shrivastava* Wg Cdr PD Navathet Wy Cdr

SU-M is une of the newest aireraft in the Indian Aj
multi-role fighter aircraft. Due to
different G-profile, as comp
files reveals that the peak average
while the minimum Gz varjed between L1 and

from a maximum of 4.5 G/spe toa minimum of 0,2

inactivity follaw

maximum of 2.08 to a minimum of 1,45 hours. The total

from a maximum of 22,04 minutes to s minimum of 4
percentage figures, in lung duration sarties, the pilo
tu the total duration ol the sortie,
the two pilots in the front and re
would have to warn
providing PBG, which cuts in at 3.
the PRG alsy serves us o warning to the other crew
vides & warning to the other crewmember, to limit
briug vut the G-profile of the aireraft and the peenli
the pilots are extremely reluctant Lo use this facility
unacceplable heat load on wearing the BKK -
this aircraft opn PBG, for optimum wiilization of

Reywords: Twin crew fighter cockpit, G-profile, PBG.

he induction of SU-30 aireraft i (e
Indian Awr Force mventory has brought
sl & sew change in the firepoiver and
technolagy of militany avianon. The STE-30

LB |

wen-seater mulurole fighter aircralt, It e desiymei
to intereept encmy rargets ul close, mediom and
long ranges. n air snd on e ground. The
arerall s powered by pwn bypass - rturbofan

enpines. capable of gencrating 12.5 (ons of thrust

K]

its lurge endurune
itred Lo ather fighler aircraft of the Indian
+0z was 5,55 The maximum +Gz
2.4. The average onscl rate wis 144 40572,

'ed by intense combat, T'lic average duratio

The twin seater fighter aircrafi ul
ar cockpit. This would mean
his other crewmember of imminent
G level. Though rhe G-s

}aircrafll

N Rattan™

The sircrafi ix o twin-seater,
vapability, the airceaft has o
Aidr Foree. Acecleration pro-
varied bBetween LY and 8.0
ranging
Typically there would he large periods of
n of surties was L34 hours varving trom a
time spent in air combatl manceuyre varied
WU minutes, with an average of 1404 minutes, In
tspent 12.5% of the time un ACM gy compared
s has elear cot roles and tasks for
that the pilot controlling the aircraft
aircraft manceuyres, This is achieved hy
uit provides protection at 2-G and heyond,
ALSM. This method also pro-
LOC. This paper aims to

r Force inventory,
¢ and multiple role

Grfse,

member to slart
-related injuries and G

arities of the PLG. 11 alsa highlights the fact that

due to difficulty in specch during PB(: and the

I35 suit. Therefore it is mandatory to train all pilots of
this excellent tacility,

Warning system,

each. giving the aireraft awesome povwer and
agility i combal. Tt 15 capable of munntaining
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station tor upto 10 b or 8400 kmorange wath (wo
m-Might refuelling. The maximum permissible G
limits wre 48 and 206G A twoe pilot fphier
airerall with an wrborne capability of opte 10 h
poses o challenge 1o the aviauon medicine
specialist i les ol airerew comluel, fatigue und
ubilily o withstand high aceeleration lorces. N
only does the plon have 1o contend with the high
G forces but also has to ensure adeguate wariing
o his co-pilol, W prevent aceidental injuncs and
mishaps, The extreme agility of the arerafn,
abilty o sustwn mghosustaned G coupled with
long durntion of igln hoas forced the desipners
o incorporate innovative desipn features in the
alrcraft.

The aim of this paper is 1o discuss the G
prufile of {he aireralt, the major differences as
compared o ather Aar Supenionty ighters (ASE)
like the Mirage 2000 and MG 29 and anolyses
the wtility of providing positive pressure breathing
for profection against O forces,

Materials and methods

The data relevant w this study was collected from
the flight data recorder of the SU-30 aircraft
[ester - ¥3 series 3. The FDR is designed to
collect, convert and record lhe  infurmation
characterizing  the technical condivon of the
aireraft, iz aminde in space and the mlot’s
aetion™, The system las the capubility W Tecord
uplee 250 cvends, including continuous  param-
etars, like +Gz, speed, altitude etc and one time
recording ol  events  like  warning  sipgnals,
operalion of after burners etc. It is capable of
recording the last 3 hours of the arcraft flight
The system 15 awtomatically switched on once

celectrical power 1 fed moowo the arcraft or

manually by a switch. located 1o the nose landing
gear. The information is stored on removable
magnetic  lape, wloch w0 downloaded 0 3
computer, operating on Windows N'T Workstation,
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The display 15 available in three modes viz.,
tabular  display, graphic output and  pictorial
desplay of awreraft amtude. The informanon o
available pot only helps techmical recufication but
also pilots worelive thetr serties Tor delirieling,

A rerospective analysis of some combat
[t seirbies was uticdertaken, These sorhes
were of twoe ditferent classes. those perfaining o
routing trarming and combat sorties and SoIties
of duration greater than 1,45 hours, The duta was
ohined from the praphs and digial printoues of
the FDRE. The parameters obtained were duration
of the surtic, maximum +Cz, minimum 02 onset
rate gn Cofsee aned duranon of a¢nal combat in
sorties exceeding 145 h The total duration of
the air combatl manocoyvre wis calcolated as the
percentage of total duration of the sortie: There
were a woial of (% sorues tor which the data
was caleotued for +Ge dat and |6 long duration
sortics excecding 145 hours: This dud nat inelude
lermes, air wess and aerobatic sornies.

Hesules

lable | presents the analysis of the G profile of
SU-30 aircraft. Analvsis of acceleration profiles
revenls that the peak average +Gz was 553, The
maximum +0ix varied metween |9 and 8.0 while
the mnmimom Gz vaned bervween Ol apd 2.4,
The average onsel rate was 144 +Ge, ranging
from a maximum of 4.3 Gfiee o a minimum of
(.2 Lafsec

Table 1t G profile of SU-30 aircrall

Aarcraft Maximiim Stimimtn O Clusist Riee
(Ciimec)

Moximum LA 14 4.5

Mirnmam 1.4 | 02

Mean £33 0l 1 ahal

LR 147 5l ity
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Tuble 2: Long duration sortics v
ACM duration

Aurcruly [hersting of soetie  Dhaimia
Ty wailiy] LR eelondi

b BT

Mlaximunm 208 04

[ [T 1:45 o
Mean 154 14 |35
5D LA A07 19

Tuble 2 presents the analvsis of the ol tme
spent on ACM in sortie duration of more than
1345 hours. The gvorage duranon of sorties was
154 hours varying from a maximum of 2:08 1o
a mimimum of 145 hours. The 1ot nme spent
moair combat manoeuvre vaned from @ maximum
of 23,04 minutes (o3 mimmum of 401 minutes,
witl an average of 14:04 minutes. In percentage
hipures, i long duration sorties, the pilot spent
12.5% of the time on ACM as compared to the
total durgtion of the sortie

Discussion

The analysis of acceleranon profiles of SU-30
aircraflt reveals' that the acceleration prufile is
similar to that of other ASF, currently operaung
in the Indian Air Force . The average G limits
appear 1o be lower than the comresponding figurus
for Mirage 2000 and MiG 29 aicraft This is
because primarily the SU-30 is in the process of
being inducted und & major part of the flving is
Uaining sorties rather than cperational flying
The onser rates however, show a mgher figure
for average ratc of onset of +{5z a reflection of
the envrmous power and aglitv of the aireraft

Analysis of the fong duration sorties. a role
i which this areraft would  ullimdicly  he
employed, show a very interesting finding Lven
though the database is smull, 11 reflects that n
long duration sorties the piiot spends roughly one

H

eighths of the total dueation in combat guly, This
5 partly becanse of the long endurance of the
arreraft and the short but intense periods  of
engagement. For ather arerft with g sinaller
endurance wned the same engagemcnt pallom, the
percentage tigure would be higher, though the
total duration o ACM may be the same

The SU-M} is a two-seater hghter wieerafl,
manned by two pilots, They have theie work load
strictly demarcated, welwding ancas of averlap, o
tike an exwuple, the front pilot would  be
tesponstble for Hving the alrcrall ued  close
cnbit whereas the rear pilul s responsible for
early  waming o vperaliang,  LSM or long
distance strikes: Inothe mimal pare of all sortes,
the front and rear mlots are awae of the air
suuanon, as ume passes by oand the work load
INCTSAsEs O  edases oul, arennon over the air
sttuabion reduces: A combat  situalivn nay
suddenly  develop,  when  the  pilol  sctively
contridling the wreraft inay mamnieuyvre sidldenly
tar combat, The rear pilol may be involved i
hus own Lusk and there may not be enough lime
o warn him ol the manveuvre.

lable | demonstrates il clearly that the G
levels are enough 1o cause severe neck injuries
or even G LOC., ln suscepiible  individeoals,
Therefore, there has to be 4 system of warning
the ather crewmember of wircrall manoeuvres.
Inflativn of the G suit at +2 Gz may nol provide
etough warning. the designers of the arcraft
have therefore, provided positive pressure breaths
ing as an effective warning system.  Positive
pressure hreathing s pravided to the pilol by
switch on the port side panel. O selecting
posilive pressure breathing, whenever aceelera-
tinn force excesds + 3Gs the unit operates
awtomatically, increasing oxygen inlel pressure
and applving the same pressure on the compen
sited eapiralory valve of the mask: Patial counter
pressure 15 applied to the anlenior chest wall by
simltaneously llanng bladders of the BEKK-15
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suil, In case, it wis wcant o be o method of
erhancimg O fodersnce, B owonld be advisable Tor
posilive pressure breathing o oot anoar a level
when the Gesunl profection was exhouosted™',
Positive 'ressure Breathing forces the pilor 1o
awtomatically  carry owm te AGSM.  thereby
pviding warning amd protectiom sinultancously,

In w0 osurvey carned cot 1o deternine the gae
of  positive  pressure breathing as o warming
gystent, 10 was apparent that the operators did not
view Lhis system favourally, The small database
al availahle pilots macde 1 imperative (o camy ot
an intormal survey andd the reasons are as under

ay The BKE-15 suir s made of capron - cotlon
cloth, it 15 extremely cumbsersome o wear and
imposis un unsceeplable hewt losd on the
mdividual. The awr-vennlated sun amegral o
the BKK-15 functions only al $5% RPM and
15 dneffective on pround.

h) The pilois have yery lidle experience or
waimmg on the posiuve pressure breathing
systemn and  therefore; find 1t extremely
uncomforiable. They prefer (o keep the system
gwitched off, rather than be surpnged a
positive pressure breathing suddenly cutting in
during aircrall manieuvres.

The avialion medicine specialist has s rele
cut oui; the importance of 1his excellent desipn
feature must be highhighted 1o all arcrew. The
aspect of indoctrination and raimng on positive
pressure breathing needs o be incorporated 1n o
the High G Course at 1AM, espemally for arcrew
operating twin crew fighter amcraft. As the
number of such aircrafl incréase, amrcrew i large
numbers will have 1o be trained and indociri-
nated, 11 ls tmperative that the svstiem on the
human centifupe should  mowe e aicraf
syslem, o emsure acecplance of framming. S0P
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for SU-30 may also have o be changed so that
the selevtor switch Tor positive pressare breathnng
15 kept on at all umes and omly a pasinve pilog
put will select it off. Tlhes waportant salely
festore must be explosted to s full polentsd, for
opumum unlizaton of urcratt capabiliny

Conclusion

I'he study reveals that G proble s similar o other
ASF operaung i the Indian Air Force, The tigh
pates o onset are an oamdicsor of the enommious
pivwer that the mrerall has The ratal ome <pent
of ACM m long durabion $ortes amaounts 1o just
12.5% of the ol diuraton. The mreraft has
positive pressure breathing incorporated o cul in
pt A, o wrn the other crewmember of arcraft
minoeunyies, W prevent  mpwy  oand  G-LOC,
However the operalors ure exiremely  wary of
using thes svetem due o the unaccepiable hem
loads imposed by the counter pressure garment,
BRK-13 suit, as alsp a luck ol training on posilive
pressure hreathing It s essennal 10 incorporate
waming on posttve pressure breathing dunng the
hgh G coorse at TAM, w exploit this design
feature and the wreraft potential Uy maximum
capakality:
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