le and Incidence of + Gz
Aircraft in its Different Combat Roles

Tiw LT BHUPINDEL Sincn?t ann Weo Coe KEuine Ra

in a Modern Fighter

i

e and magnitude of + G2 profilos,

er aircraft, inits different combat
el and analysed, The + Gz
Gehter aireralt has been fonnd to e
ent from the acceleration profiles in
 Lentriluge, Suggrstions o hawve

=& SR Y 2
ulatiom of + (2 on the Human Centeifugs

nee of accelerativn stross in mviation
fiuhted by Bauer® in 1926. In 1927-29,
mpliy races, pilats reported dimrming
anfusion during turns at high speed.
considershle work was done ta sty
eal eliects of acceleration, L ringshoflin’
i wceeleration in 1932 ; while chis
subjects were conduct el in

n human
specially

?'.-::-:u a Muman Cenlriluge
for the purpose, To early s, 2 raasp et
trilagast e caralilished in warious
inee (hen the centrifnme is being sl
¢ the world over for different physio-
“on hman subjects.

Cmodern high speed, high periormance
acceleration: sLrEEs Continnes 10 CALe
gffecr pilot perlormance.
< like YT-16, YI-17 and MROA dre
13{3’{:;'1"fﬂ'1'mau,ct at very high ‘G ° loads
in protective measurcs
lugeed  behind. Recently  many
foratories have diveried their atientiv
blem, and research in this field is an the
O reviewing literature o4 Chz stress avai-

i

peciakist i Aviation Medicineg,
el Specialist 0 Aviation dMedicime,

FMBER 1077

The futwec)

against + 7

Medicnl Offieer Moo 10 Squadrenn, Adr Toree,
Instingte of Aviation ndedicing,

{alde at TAM it was realised that data on + Ga
profiles of fighter airoraflt was not avoilable,  This
lacuna does not appear to be due to lack of inflight
recording lacilities hut certain othier considerations,
like security seem fo have weighed apainst wide
publication of the data.
‘Lo study the offecls of + Guin the human cenlri-
fuge, predetermined G time profiles are normally
wsed, lor wvarious categories of test subjects.  The
representative G ume profiles in use at TAM Ranga-
lore are given in Table T, Figures 1 and 2 helow :—

T.{"hHLE T
Ualepnry of Fate of Feate of Peak Thiration
subijects OnsCE decay L at peak
Heliu'tumcr, Slow onset 0 TGS A reguired, 15-20_-
Tramsport Pilets 053G er Aed mormally Aol
and nen-ainorew upl SG.
Fighter pilots. Rapid 0.110 As requircd, 1320
wnset rate. O2GY noarmally BEC,
b0 R i upta b7l

4 & far 15 Sees,

(7

T

SCCELTEATION I T h

i L] i i 5 i |
ST e T L 55 &0
TIME M SECOMDE

Tig.. 1

Avceloration Profile for Telicopter and Transport alterew
and non-airarew subjects

R

Clo 86 APD
TATS, Bmlaf.ainrcv.'iﬁ:}m?
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I Avesloration Profile Tar Fighter Pilots

These G profiles have heen standarcised

after ripea-
tecl trials on s

large number of subjecls in varions
vonntrics ineluding  India, However, it will be in-
i SOrreCt to presume that the profiles being used by
) e acceleration physiolagists/Taboratories  all aver
f the world are cxactly similar o those existing in

actual flight environment in o fighter ajreraft, Tpis

i | & common knowledge thay though the magnitude of
.f | + Guas experienced by a fighter pilat is very varia-
1 | Ble, deperding on the lype ol aircraft, type of sortic,
B and type of manoeuvee, it generally tends (o be of o
B higher magnitude than that routinely utilized in (he

centrifuge, It is, therefore, ohwvious that there is an
y Apparent discrepancy between the accelordion
| files cheountered by the fighter

those cmploved on the

pro-
pilot i the air o
| ground in the human cenrrie
i The present study was isitiated in an attem
il Ly investigate 1his diserepancy and o define & nuae
I'i realistic acceleration profile for simulation of +« Gz
f an the ground,
|

fuge,

~Aim af the Study: The aim of the study was to

| determine frequency, maguitude, duration amd rate

af ousetof 4 Czoas tncountered inoa Aghicr airerali

| by uae of inflight airhorne recorder. 11 was enviss-
ged thut such a stady will

1 (a) help to an extent in eealistic reproduction
and simuylation of + Gr slresy
cenleilngr,

in the human
(b} Frovide material for hirter understanding
of the + Gz stress ae expurienced by g
lighter pilat during aciual enmbal Mying,

I Materials and Methods

Flight data recorder : An  amtomartic in-fiigrhi
airborne  recorder’s fitted in a Ligh  performance
lighter aivcraft was used to  record varinug para-
meters ol + Gz This vecorder, apart from vecording

G

many other: flisht pacameisrs Likes
height, position of contral surlisces etg,
all vaviation of © 0 and 4 Gx s a finl
ora 33 mm [,

‘Phis instrament wasentinlly eopgisg
meter placed Lehing the coehpit, the
which are carvied as eleetrical impuls
el onna filin casserre tocated in the fi
Alter the sortie, the flm is. available iy
of variouy Pavamerers recorded ot

Inthiz study + e data was &
high performanos aircraft cluring diffig

cumbar sorlies, Tl types o sortics il

2 Wi |

(b} Close and tactjcal f'r.trma,ﬁq;_;'_ |
(¢)  Ground attack

fd)  Low level sipike

(] Low level Cap

(1) General handling

f2)  Thstraent flying

Since all wvariations of 4 Gz :J
rontinanusly from  take—niT to ,Izmﬂ_mg:r :
sortics, the dara alyained was fuite
The sorties covered have Lo fEova

heads considering the pattern of theip
These groups are .-

L. Air combat sorties
2, Ground attack sorties
3. Handling sorties,

Reosulis

The resulis have heen talilated:
IT and IIT. Tahle-1 shows the frequene:
dillerent levels of 4 (s WEER piae
shows the frequency of differenl o
of + Gz Vable=1T1 shows the dupation.
It will be noticed that 1he data perting
srouptype has been poaled.

AVEA T



TABLE 1

Peak G levels Their Irequency of occurrence

: Frequency of acourrence of G Levels Maximum
Type e . smigen et o G level
224 5-3.9 4.1 50,8 13,0 7.4 experienced
MEBAT 35 19 9 5 1 = 6.2
NI} ATTACK 20 13 5 5 4 P 7.2
I v G ' b g = = - 3.8
TARLLE 1L
Rates of Omnset
: Bange 'qf“d Frequency ol nccurrence in O sec
averape G fsoo
‘a:‘;fg G{}s‘;‘; .19 208 589 440 5359 660
COMBAT  0.04  0.53 4 = = = g )
1.55
e
Less —_ = — = = = =
than 1
ot 147 $.39 1 i 5 1 2 |
1,45
LING 0.05  0.31 == — = = — =
a1
TARBLE ITT Conclusions

Duration of peak 3°

Durations al Peak

seconds

10 — 13 secnnds
0.3 - 1.9 seconds
faverage 1.1 sec)

Usually less than 15

10 - 13 seconds

At present various profiles of + Gz heing utilized
in the human centrifipe have largely been determined
by repeated trials, “L'hey are not based on and ape
not similar to the G —profiles existing in acrual [light
conciticng, .

The data obtained in the presemt stutlly  brings
oul certain peeuliar featinres of + G siress ag actually
experienced by a fishter pilot which apparently lawve
not been Laken into consideration for making use of
the human centriluge more realistically.

a7



~ These features are —

thu:-,r, Lmj]im, ed mul 111&13: in th.. Cinte rl"ugc
This is especially su in Gronnd Attack soities.

{b) Preak ‘G’ reached is generally higher in the
actual fight conditions,

(e} In certain types of sortics high G munoeuy-
res lollow cach other i quick suceession,
whereas in the human centrifuge, the sub-
ject is exposed Lo pradually mereasing levels
ol + Gz, the runs being interposed by a
spocified perigd of rest.

() Dhuring o fighter sortie the peak *G° during
pull-imts increased gradually as the sortie
progressed, so that te pull-onts towards che
end of the sortic. were of considerably higher
“G7 value than those in the initial pare of the
sortie,

‘I'he data obtained [rom this study Las boeen uiili-

sed in formulating  a representative profile of each of

the three types of sorties normally encountered Lsv a
pilor.  These prodiles could be used 1o pragramme g
cenlriluge [or realistic stmulation of the G forees
experienced by a pilol,  The profiles are given

Representative peceleration Profiles of a high performance airerafl for adr
Combat, Ground attack and Handing sorlics

ia

in Fig 3 for Al Conihat, Ciround J’L
s01iies,

The rates af onser and d
have been intentionally  rounded @
than actually encountered in ﬂfgh:ﬁ
could be comfortably tolerated ly
centrifuge,  Higher rates ol onseean
very marked angular accelerations
sickness i maost of the subjeers,

The diflcrences berween the _j'
and the vue in use for physiolog
human centrifuge are very large. This
tor the inherent design weaknesses of
also due w the angular accelerat
exposure on a short radiuy cent
handicaps are furcher complicat
fuge is remotely vontralled ar
produce cnly ene profile at a Lite,

Lhe situalion conld be jmp
Ly having the conteol with the sulije
a madilication would provide ue
Plight Simulator.  This will pesit
anticipate the start and the magnits
stress, which s actually under iz
the case in an aiveraflt,  Thus, testi
centriluge would he morve realistic:



ments i eomirol mechanisms
pprimisticatly of such u modificas
centrifuge in the near futurt.
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