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Analysis of combat acceleration profile of
two air supceriority fighter aircraft

Sqn Ldr Sanjiv Sharma* Wg Cdr Harish Malik” Wy Cdr Pooshan D Navathe'

The combut acecleration profile of two air superiority Oghter (ASE) aircraft of Indian Air Foree
(1AL} was studied to determine the extent of in-flight acceleration stress, The flight data recorder
(FDR) based data was analysed towurds this aim. Ihe mean peak +Gz found was 6.35 G for the
Fastern ASF and 6.69 G for the Western ASF. The mean duration of aerial combat manoenvre (ACM)
was 147.78 s for the Eustern ASF und 65,47 s for the Western ASF, The mean rate of anset during
ACM was 1.14 and 1.17 G/s respectively, for the two aircraft studied. The total duration of ACM
above +6Gz was 2.92 s for the Eastern ASF in 75.5% of situations, and 7.32 s for the Western ASF in
68.18% of situutions. The findings suggested that acceleration stress during aerial combat manoeu-
vres is determined by the perforraance capabilities of the aircraft und the tactics employed as per the
weapon delivery system.

Keywords: Aerial combat munoeuvres, acceleration stress, high-sustained G, tactics, fight data
recorder.

eraft of the Indian Air Force (1AF) are rated  wath high, sustained pertormance capubilily.
amongst the most advanced in the world 10
day. For case of reference, the ASE are referred as
Eastern ?md Weatern air supertority fighters in this Natasialy and fcthiods
paper. The Lastern ASF has un extremely potent
girborne interception radar and air-to-air missiles
combination. The Western 1y by-wire ASF has so-
phisticaied sensors and avionics, with multi-rule
missicm capabilicy. Tagether, hese fighter ameran
give the IAF a beyond-visnal-range (BVR) rapahil
ity with their advanced medium range dir-lo-ais
mizsiles [17.

T]tu prime air superiority fighter (ASF) air during ACM in two air superiontly fighter amweraft

A relrospective analvas of 103 combal sorties flown
by 16 fully operational pilots was dane. The pilots
had abour 2040 b i = 633 b of flying of which 414 h
{+ 217 h) were on the current aircrall type: A total
of 218 siuations werg analysed
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The aerial comhal manveuvie (ACM) inclides
transient manoeuvring and ability o perform ught
turng [2], These manoeuvres are the mist speciacu-
lar phase of combat. This study had been under-
taken to understand the scceleralion environment
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The data relevant to this study was obtained from
the gruphs anddor dhiial print onts of the flight data
recorder (FDR ), mounted on the wreralt [3.4], The
parsaneters deqved Trom e Mgl data reconder
weert churtiomn of ACN anos, Mgrhn alorsde mom or
I, indhcated mrspeed yn kmph or knots, magniude
ol +G2an G, duration of +Ge ot Jifference of 0299
Crd el rane of onset m s, amd mare of offser

Cifs
Results

Table | presents the ACM of Eustern ASF per
LA

‘The mean peak +Gz duning ACM in Hastern
ASF alicraft was 6,35 G, The mean rile of Onsct
ancd offsel was 112 Ofs and (0052 G The mean
duranon of ACM was 148 5.

Tahle 2 presenis the ACMs of Westeen ASF per
SITUALIOR

Analyses of acceleratcn profiles of Western ASE
during ACM revealed mean peuk +Ge level ol 6,69
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1 The mean rale ol onsel of acceleration was 1,17
Cils The mean rare of ofLset was (073 G The mean
durntion of ACKH was B s,

Tubbe 3 prusents the diMerenee i ACMs ol Fisl-
ern ASE amd Western ASD per satnation.

Anilyss 0of the ACM between the two ASE re-
vealed sigoilicuntly hugh peuk O amd rate ol el Tsel
Tor the Western ARE The tomal duranon ol ACM
per situation was signibcintly less for the Wesiem
ASF

lable ¢ presents the mean duration at varous G
levels per Hight

The: cletanbed analvsas ol duratian ar each +Gx
level per sortie 15 discussed subsequently.

Lriscussion

An analy s ol combal aceeleration profiles of Eost
ern and Western ARSI mircraft was done to-stoidy the

Tahle 1. ACM of Eastern ASF
Alreraf Peak Mintmum {; Toral Daraoion Jare Cinset e Ciffset
iLag] (G} fa) (i) [E35])
Mean fr 3% ned 14778 .14 (35
5D 034 0.22 8614 057 0,3
MMinimum i (i1l 2001 LAy ol
Maxtimio g1 162 18010 0% |.K3
Tahle 2. ACM of Western ASF
Al Pepk G Minimuem G Total Thiration Fare Cnser [Ratee Erfse
L | (3} er 1035 !
Meun 6.60 0.7 G547 .17 (L7
sD 13 047 A &2 32
Minimiam eS| -1.49 REN nim 14
Maximim g9 1 KK 187 325 202
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Table 3. ACM per situation - Eastern ASF vs Western ASF

Adicinft Peak G Mammum € Intal [Faraton Hate {1nset Feate Offset

L {€is &} (Gis ) &
Enyrerm ASE
Mz LR ] {1 147 78 I.14 549
Al {154 hH22 B 14 (57 {1 b
Wenteem ANT
Mean Gt u. 65,47 HF ot
Sl |3 i3 Wi (62 0,52
value i aant 0 3ng A |
pruksabaliy < LK S PRE b | M <AL

Pl N Saprutcant
Table 4. Mean Duration b various 4 levels per flight

Aareralt Mean Tranan ()
G levels 2200 3309 4= LK 5300 B9 FATATY LT ) U RV
Easrerin dF
Mean 4510 1533 14,45 L8 54 Alb 3.0 bt b
S0 . 144 K. l4 w2 34 2153 V.7 in=1}
Wagrarn 451
Meun an.z 2017 144 9.2 T4 438 20 0
Sl 1984 1511 11 .06 RaR 6T 119 10l in=1)

in-flight acceleration stress, The determinanis of
acceleration stress were peak G-magnitude and
durition, rates of onset and offset and duranon of
AUM 5],

Fuor besth the ASF (het moan peak G levels were
found to be less than 7 (G 'The mean rate of onset
were less than 1.2 Gfs, The imean rate of offset were
Tess than 068 G, (Tabde |, 20 The results reporied
in this stidy can beexplained on the hasis of present
day tactics, The tactical comsiderations do not de
mand high rate of onset of acceleration except as o
last ditel manseoyre, The (alics demand thal the
escorticombat air patrol mussion desgnated 1o the
aircraft, is oot attainiog o kil of the enemy an-
eralty but ensuring the success of the designaed
mission. This change i concept has Ted to shorter
“duration of ACM. With the curly deteetion by padurs
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and ease of locking on the target by BV R air to air
missiles LAAND (1L the distance between enpaged
arrcraft has inereased. Morsover improved self
defence by electronic counlermeasures, plays a
erucial role in combai. Hence spead i3 nor an
essential factor of combat in arcraft with similar
canghilitivs: 0T cornbal,

A companson of Bustorn ASF with Western ASF
revenlzd thar mean peak U was significantly mgher
for the lamer. There was no difterence in rates of
onsel. Significantly higher rate of offser were found
in casc of Western ASFE The difference in durdtion
of ACM was stenticantly shorter for Western ASE
(Talble 34

While cmpliserng similarcombat wetics, thesig-
nificant differences Betwaen the two compatinvely




Anatyars of rombar aceeleration

manocuvrable AS1s was probably due o electronic
hight contral (My by wire ) of Western ASE 6] The
clectromeMight control system makes Western ASE
hapghly agile. thus allowing better munoeusrability
Theretore higher peak +007 and offsel rates were
found n the wireraft. The shorter duration of cont

hat of the Western ASE was because of the raspe of
the radar and the nussiles, which alang with agile
perfornapce vapabality, allowed ease of position

ing for or evading the atack,

I must be added lwere that contnenling upon
better perfonmance capabihny of Western ASE vis
a=vis Bastern AsD s not Jesufied since nonc of the
combat somies included i s siudy were Fastern
versus Western ASE A real evaluatan of pertorm:
ance e possible only after analysis of combat sor-
nes berween the two ASFs.

In the piesent day scenerio of high sustained G
(HSG), duration of streds at vanous G Jevals 5 an
weal indicator of magnitude of stress, The duration
at Gz levels of mure thun 6 G was analysed for
cach sonie included i thes study [n was fownd that
Eastern ASF pilot spent a mean duraton 292 <.
75.47% situations (n=80) of ACM siuauons sbove
fi G, wherzas 1t was 7.31 s.in 68, 185 sitwatons
(n=75) tor Western ASE

From the anglvsis of duranonsat vanous <0z
levels it was evident that Western ASF pilots spend
longer duration at higher G levels: Bustern ASF

vrn ASF employing similar ractics spent lesser ime
al various U levels. This could be explained on the
basis of simulation of missile envelope carmed by
wach wircralt. The Fastern AST simulate camage
of misstles with 3 similar launch envelope, Hepoe
suslaining manoeuvting al one go dogs not achieve
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a limeh condion. [n compurison Weslern A
due o an eapanded Lanch envelope of its miss
can achieve the launch conditions invariably by
stistimed manoevre atl hoel o levels,

Conclusion

Phe Bastern and the Wesleen ASF aireradl b
capiliality 1o susbiin high G This study reves
thal the Luest taones have shortensd the. duii
ol ACM. But the l'L‘L[Ui.IL‘!I!IL‘II:| alf 3-i|:1:-c|.'|'|r1|r1h'; I|iE
C reanudtes an essentin] leature of gernal combat
s oevident trom this study, Therelore the pilo
these hugh pertormanee sireeall are simeapihle
Pl amiluced symproms meludme G ondoced |
ol vonscrousness, In view of G levels foaned in

study 1t was felt that bigh G oeedining is exsential
e ASF pilots wha are exposed to high G far vi
ing durarons
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