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Assessment ol visual field restriction (due to modification)
in Helicopters by a trigonometric model in field conditions

1.t Col MS Butola® Air Cmde KS Soodan®

ABSTRACT

Most of the helicopters used in prmed forces, due to its varted requirements and roles reguire some
modilication. Ohe sueh modilieation wos corvied out inone of the HU In Western sector where helicapless
were rnod ified with ATGM Gyrosipht and GPS for ATGM (At Tank Guided Missile) role,

These two modilicntion were posing o great deal of viswal feld restriction To assess the magnitude of the
eelentof resteiction o TRIGONOMISTRIC model was envisaped, With the help of this model the extent ol
Blind zomecan be fercess ed o different sitling heighies,

Trigomometric model in this stndy can acenrately wssss the restriction inall reund peripheral {ambient)
vision, In the present study it is seen that inferior quadeant of ambient vision s ab restricted aod reflected
st Blined wome in front of the sicreraft. The blind cone normally created by Instrument panel increases du
toinstalidion of GIPS. In vertical ieridiun, due 1o GPS, anaviator up to the sitting height of 84.5 ems, will
ot be able to see the horizon and with sitting height of 85 cme the blind 2one will be 3438 mitrs in front of
the pirerall, IF G S is not installed the hlind $one with these sitting heights will be 22,85 mirs and 21.45
wibes respectively, While flving the length of blind zone will correspondingly inereise.

Due to ATGM Gyro sight any aviator having sitting helght more rhan 88 cms will not be able o see any
uhjecttaireralt Oying over the horizon along the arc of 107" to 1357 to pilot and 71F to 118° to the co-pilat.
Aviator having sitting heipht mire than % ems with blind cone bevond 700mites along are subtended and this
distance will decrease as per increasing sitting height.

The visual field restriction posed by these two modifications is quite significant and in order to have a good
outiside visnal envelop aviator will be tempted Lo move his bead freguently which may lead to disorientation,
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nee the  development of  nsary wing on existr strugture.s whiel posesest restnieuon

aireratt, 118 flyimg has been full of problems.

Helicopter development has always lagged
behind that of Tixed wing wireralt. Afler second
world war. there was resurgence 1 the interesi g
rofucy wine airerafl Decause of its hugh manoeu
vrabilicy anid Tow Myinge capability, Due wowhich
its use An miliary Was hesn of  paromoant
mpirtinee, To micet varous miliary requiraments
(here is always seime requirement of modifications
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on wvarmous homan factors lhimitaoons, One sush
rnrdilication was curmisd vut ina Chetak Helicopter
for ATOM iAnt Tunk Guided Missiled juole,
mounting  of ‘which along  awith GPS (Cilobul
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Assewsimens of vigrad fiefd resericeion Harolia et ad

Positioning Systen ) posed o spmlicant restoction

i wisml ervalip of amerea

Admisr Aam ol this glody was 1o evaliate

frelet restmicnons posed by
misd it ateons and prepanation of 1
MATHEMATICAL MODEL 1o forceast the exuint

Ul wisuial feld redrenns pr urere s popnlation

wisnnl these  tw

Mol berizal soned roethud

Prosenl study was carried out at an Agr Foree
1995 where Chetak
helicopters i one of the HU were mudified for
AT
specilized qask, Chetak hehcopters were  Hied
with. ATGM (A0t Tank OGuided Misade) Gy

basé M western seclor in

PO an ke derram, Te carry out 1his

gunsight (Slide 27 which waos installed i place of

wiire perspex on the oot of aircraft cabing the
wrdth ol which s 66 oms

Fiw maviganion in desert terean GPS (Gilabal
Position System) 15 mounted on op of instrument
panel. The dimensions of the GPS are width - 13
ems, thickness 7.5 cms, lepgth 33 ems 1t 45
mckitted werh s long axis anteroposterioniy on the
1op of instrumental paned.

Assesement of blind zone created by modification

ey study the restriction capsed by installation
of GFE and ATGM Gy gun sight in Chetak
Helicopler preparation of a Markematical model
(Trigonometne model) was-envisaged by which the
gquantum-of restricton would be assessed in oan
aitcrewe population and an spproxirate forecast
enild be made possible tor a particular pilotsitting
herghi

Basic considerations

lor preparanon of mathematical model nd

wvaleulations o this sy

cofisiderations were taken:

tolloowing  basic

i Aarcratt at level

i Eve Level Height (ELFD bs tiken 15 vy less
Uean sattemye beipht By Tovel Poma (1511 s
taker Mbocms anferor o se back rest and
shtts up el doswn paradlel woseat back et
P warions siting bemehits along the centre of

the seal resl,

i Al the caleulitnms amd preparation of he
midel s a8 per siiung heighe of 85 cms (LI
of T s

For descrption 20 degrees, 0, 360 degrees and
Falh leprecs corrgsponds o |2 0F clock, WO
clock and 3 0 clock of avienon termimelogy.

oo Aarcrew seats ar centre posiiion of the ralling.

Fssential physical measurements of aircealt

t o llerghe of aircralt cabin From

the ground (AB) fig 3 & 4 53 cms
i Heleht of seat pan from

arcraft caban (1) 25 cmis
my  Horizrontal distance of ‘instrument

pangl and GPS from ELP

{EF & JH) fig 3 G50 ems
vy Vemeal hatghr of instrumant

panel (GH) 47 ¢ms
vl Werngal height of GBS {GH)

Mg d G445 oms
wip [onzontal distance ot ant. end

of ATGM Gyrosight (IH7) fig, 6 80 ems
siil Virtical heicht of ant, end

of ATGM Gyrosighe (1G) fig. O 08 cmg
Priwedure

First aof all gireraft cabin was made level with
he help of inclinometer. The eve level point (ELF)
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ORSTRUCTION IN CGLUTSIING VISUAL ENVELOP BY ATGM HORIZONTAL AMERIDIAN

OBSTRUCTION N OUTSIDE VISUAL ENVELOP DUE TO ATGM SIGEIT (VERTICAL MIGETRLIAN)
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for bth prlot & co-phot sweere determimed with the
bl ol twas non stretchable cotton threads Hixed
horpsantally and vertically on the airframe crossing
cach other ut ELPE Al (he micsswremems of sl
thistances and anples were messured  from this

jrsant

Frown FLF amther nonostretchable theead
wirs atlnehedd 1o the inner most, ouwter most and
o most edpes of GPS, lestroment panel and
ATGM Gyro sight uned the angie thus subtended
aFL was messored with the help of inclinometey
and protractor All these anples and distances wene
mensurcd For pilonrs and coepilors ELP <eparately

Observation and risulls

(i) Restriction in visual leld due o instroment
pranl:

3

1o In honzontsl mendians (Fipg | &

The wre of blind zone created by instrument
pangl 15 mven an Fable - |

Table 1: Restriction in visual field in
horizontal meridian

Avseswneent of visual fTeld eestricinnr ; Batela e al

Fhe are of bhind zone will be projecesd (90 -
521V 4 TE downwiinds e the horesontal

e,

mi Length ot blind wone creaed By dnstomngnt

panel
X AAAT
Tanh g =
Tatal e ol BEI® Eronms the e (4100
~
[0

Xoo= 180 s < Tan O
= |80 & o« LLDE = 24704 ems {2 1 mirs)
Pl Lenpthoof bl zome m frant of wrerad wall

e 1A T mitrs for the prlot from BT 128 and
tor o pilor frome 420 344

b Restriction due to (G 1*S:

i1 I horizontal werdio: (e | & 2 shown n

tuble - 2

Table 2: Restriction doe to GIPS in
horizontal meridian

Restriction due o GPS in
Torzontal Meridian

By marrument panel 1 degreess

OO —— 123 {(LVTV)
420 —— BV (LPOD)

Filit (Fig, 2}
Cu-Filot (Fig. 1)

L denvies Angle

i In verngal meridiun: {Fig 63

The testriction due i Imstrument Panel in
vertivul meridian can be calculated by

Verpendaicniar L5} U5.5
[t = — = o= e =118
Hase e B0

Angle g = 1193 Tan™ = §5.21'

£l

Pilat [E00 — 1202 (LXTW)
Ci-Pilin 34 - T LROS:

I, denotes Anole

i) Imowverncal mendian:

JH U5

Tan 3 = =—— = —— = |i]
[af .5

Sngle & = 191 Tan = —RY0

I'herefiare the prajection of blind zone will be
n3%  {ggY ST dowewards  Prome e
herrd gontal

wil Length of blind wone by GPS:
Suppose length of blind 2one created by GPES
is X7 LAAT
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KULAATY X
Tan b= i
ALY (Tolal height of ELI tom the proamd}  1EQ
X
~ 1RO
¥'o— RO e o Tan b

= LHO e P SAERD oy - W LKL i
Tomal hesght of 110*

Trom ground

Theretore the aviator of 85 iy sitting height
will have a bhind zone of 34380 mies g foont
al aaeeralts pilot from 106 o T 0l ea-mmlog
frvir 38"y 73

Based an it matheotaal mioded the eagent
ol Blipd zgone by instrument panel and 8%
vertiest]) mertdian, cuer be ocalvuluted  Bor varings
sitting herehrs by following omula,

-t Horizontal distance between L
v the top ool obeteactiog Tastiument

Length o blind wone —
EOLAE s b (Rowor

Vermcal herght of obstructing s brrmd

Tahle 3 : Length of blind zone by instrument panel and 1S

Satinp HL | ELH GBLEY from Dhffwience Taial W Iiiference Bilnd eone oeated it
LS (oo 0f cabin hetween ELH from bl e TS E L et N L
BD = (A-15425) | BD& GF | grownd (DAY | B & GH st
i 3 05 75 . 5570 e
K& U LS 180 L5 14T Sa1 R0
0 (111 |3 185 53 1554 R
03 L5 I8 1510 LES 10060 121
[ (K} [ 10 3 165 15:5 s iR i
Lk 115 = ZUHE 1] 082 .l
L 120 a3 05 o 0.3 7T
115 123 35 210 205 2T i

The lengpth of  blind  zone  created by
mstrument panel and GPS has been shown n Table
Mo 3,

) Restriction in oniside visnal envelop due
o ATGM gyrosight:

1 e hwreontal meridian. As shown in Table
ner. o

ol B A evopraee Mo 1300 TN

Table 41 Angle subtended by outer edges of
ATGM gyro sight to ELP

anvle sublended
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(111} 3
inly o —— =— (s
REERY b
Adple G = (L0375 Tan 5 = 214"
Therclore an aviator swith sittiog beeht of 89

cirs wall nek De oalle o osee an abject

cibteniing an angle of = 2147 above horzontal.

Mased o these observations, lengih of bl
ATOM gyro sight can he
preshiered tor various sitting hesphts as given
im lable 5.

e created

Disenssion

Visson 15 the 1nost imponant sedsory cue fo
mantan oriemation in Oight, It contribures 80% ol
SensOry dnpuls W mamtan origntation. 15 this
unpurant cue s degraded or restneed by any
muxdificaton or change 1t may lead 1o Disorientation
FL2L Iv bs the ambient vision which is more
impurtunt for onentaton. In this stedy it s the
ambient vision which fs restncted maximum,

Axsetanient esfwisiead feelel vexieretion : gl ool

Trponometric model crealed w this stady
can avenrately assess the restnction in peripheral
famblenth visiom In prosent sty o s seen thal
ftterim ambyem

vesbocteel sl reflected as oo Dlimd sone me fromt ol

gquadranl ol LEEILETT R CR B

the sueeralt The Blind wone normally crened by
instrement el anereases due o nstallation of
GES . I vertical miemdian due w GPS, an avindor
vt the st erght of 8405 o will nol be able
fer see the horizon and with sittime height of 85
cms the blind s will e WAH mies i fiont of
the wirera (i 10 GPS s not installed the Wind zone
with these sitting heighis will be 2285 mirs and
A0S mirs respeetively, While flying, the lengtl of
Blind zone will correspandingly incicase,

Prue o ATGM Giyeo sizht any aviior Laving
sitling hetght more than 88 cms will et he ahle
e wee any object £ ajreaft Oying over the horizon
along the arc of 107" o 135" 1o pilot and 707 w
LIS to the co-pilor. Aviator having siting heighe
ntore thian 20 ems with blisd cone beyond 0 mirs
along arc subtended and  this  distance  will
decrease as per increasing sitting height,

Table 5 : Angulation and length of blind zone created by ATGM

suting Hr ELH from loabheof TLP | Diffsrence between | Angle subtended | Length of Blind
imcins 1A ) flor of cabun from grmd B & Th of ATGM in depress FOTe i s
iBi=A-15425 (AT Gh

b ol 173 g 571 Buevond infinitive

35 05 180 3 1l4

g 1] 183 2 L43 > 70,00

W 1o 153 -7 S0y =215

|TH) 10 |95 o 254N ER R

195 115 200 70 | Logy = 940

Drenotes shove honzomial

V Denotes below hanzonialy  * Denates beyund

fed Ao Mol &40 0 2okl
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This visoal Deld restmchon posod by these
ewy modhieations ooite siemibieant and ainoorder
to Jeive o good outside visoal envelop aviator will
[ ternpled o maove T bead eguently whach may
b Ay dhsonentanon | 120064
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