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Ergonomic factors during spin recovery in
HJT - 16 trainer aircraflt

We Cde NN Apgarwal® Sgn Ldr VV Joshi®
TAM, IAY

spin manovenyre familiarization is an essential part of flying trainiog syllubus and requires
simultancous two-handed operation in recovery of aircrult (uch,  Amongst trainer ac in 1AL, spin
recovery problems were percevied more in HIT-16 (Kirun), An ergonomic lnboratory study involving
I experienced male fighter pilots in applicable Mving clothing revealed that the overall forces un
vontrol column were within tolerance limits of single hand operations. the second hand puidance was
required for better precision. The “reach envelope studies’ in harness tight condition for maximum
torward operation of contrul column with permissible shoulder movements and without shoulder
movewents showed mean angular motion ditference ot the control column 4.320° £1.26". The mean
difference between the forward movement of hands in two study protocols invelving one hand and
simultaneous two hand operation was 1.81°= (L.86", The ubserved differences are statistically significant
(p<tif1} influencing reach comprumises under static and dynamic flying conditions of spin under
simultanvous accelerative stresses. The situation could get further compounded by anthropometric
and geometrical variations in elbow-wristand shoulder—arm complex of individual crew and in woman
pilots who generally have shorter limb parameters campared to their male counterparts. The paper
discusses varivus spin releated ergonomic problems considering anthropometric and cockpit design
[aetors.

Keywords : Human factors, spin manceuvre, crew aperational compatibility, wormen pilots, range of
muyements, cockpit design factors.

he fixed wing aircrall can excocutn twno

Iypes of manosuvres viz,. those that are

performed i nonngl  Qighe attiodes, bur
reguires skifl, thought and precision, e.g.. wrns
about a fixed point, figure eight. reviunglur courses
and those which put the aircraft into unusual
arudes. The latter put severe demands on the pilol
and the grreralt. Spin in aviation (& one such
manoeuvree, others being barrel rolls, loops el
Adrarall manecuvre are very challenging and help
i butlding skills that are useful m everyday

in

learning, ralning sports and emergency siludtions,
Recovery fiom spin in HIT-16 “Kiran' jet rraimet 15
part of the traning: syllabus tor all military aviators
traingd 1 India. During spin manoeuvre the ameraft
reschies o sl comdinien, and while 1n this condition
the mreratt spans o the direction of rudder pedal and
atleron movements. T enar in the spim, the pilot
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applivs full ruckler i the imended direcuon of spin
with controb column Tully hack at about 92 Knots
IAS There is moderale lendency for the ailerons
e smatch an the direction of spim,  which does no
Dave uoy adverse effect 1], As the mrerafl s under
stall condition, the sreraft tends 1o lose alide in
ench . The airceall as cleared forerect spinning
HpE e K turns, however ducing training and sports,
depending upon the altvude of initation, the
number of funs wee carelully regulated as to remamn
wall above minimuin sale alinude A umely
recavery from the spio a5 of critical smporance tor
Might safety

During recovery from spin the contol column
of the aircealt is required (o be pushed {orwurd
progressively cnsuring that arllerons are pevwal
talleron neutraly, till the wircrafl recovers to
strapht and level atnude. The tecovery muy vecur
b any length, usually about mid position, during
torward flight situativm. [ 1] The existing mstrucuons
on the subject specify Wl this foreard movement
5 (o he carried out by the uperilon, by gmpping the
eontrol eolumn o both the bands simultancously
Duting such movement, the control colums must be
pushed 1n midline without any lateral movements
of the contral column. Maximum of 4 turns are
permirted for ipstructional sorlics and 12 rums Lor
solo spin by flving rainees. Spin is camed our with
flaps and under-carmiage in up position [2] In
carrying our this procedure, apprehiension was
expressed by the pilots about the creomomic
eompremiscs invilved 1n 0w hands operation of
the control colwinn, as it would dimimsh the overall
forward push by the pilor as compared 1o wdentically
performed single bund eperation for recovery. The
pritlem was projected (o e Human Fngineenng
Dupartment of 1AM by HQ Truining Command for
alaboratory stody, within a specified time frame of
one menth, The following study was designed Lo
quantify the compromises incurred during
simulaneous two hand operations of the contol
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culumimand 1o stdy the ergononie reasons for ANy
suTh comproniises,

Materinl and methods

The study was conducted 1o the lollowing
phases -

a0 survey and selection ol expariencdd urerew

b Descussions with tesi pilors

¢ Static amthropometry of grew subjedis

d. Mueasisrement of ‘réach énvelupe’ in Universal
Coc ke

¢ Dhaty snaly<s

Inferendes

a Swrvey and selection of the experienced
wircrew: Ten healthy. expérienced maole aircriw
from fglter stream of TAF, having mimimum day
ops status. on differsnl fighier aireraft, were selected
for the study. These pilots had expericnee on all
the avalable aircraft in LA ather than Mirape-
2000, Mig-2%and S17-30. By doing so, the ainy wis

tr ensure the tollowing

Lo Previous expenence on HFT-16
1. Anthropomenic compatibilicy with TL'1-16
i Absence of restction in body nuvements

v, Adequate expenence to give prudent opinio

Two of the subject ligd come For mediéal
evalugtion on aceount of old ejection aprinal
mieries, The disahilities were healed with lumbag
spinal imvolvement and hence did not interfere with
movements of upper spine, shoulder and upper
bimbtes, snany phase of the study one of them was

I
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ri=Mighted after human engineering and other
mecheal evaluation, while the oiher was asked Tor
subsequent review after 12 weeks Al thesulbyeers
weere interviewed Tor their total 1lving hours and
cxperience related 1 the recovery Trom spin,

Relevant
discussions were carmed out wath the st pilots ol
ASTE, mcluding those who participated i recent
swrnpiestn ol spen recovery geAdr Foree Academy

1]

fr Hhrsrussren with tead peelets

¢, Staric anthropometry - S1ane anthropometry
wl the subject volunteers was camed out on 1AM
Portuhle Anthropometnic Plattorm I'he
measurements sweere done in authoreed Oyig
overalls and AREL ME 1] helmer with inner helmet,
Nying gloves and boots. Cnncal anthropomelri
pararneters relevant e e stady were identified and
analyred,

d. Measurements in Universal rockpir - The
Universal Cockpit (U.C) is three-dimensional
platform availabe ar TAM useful in messurement of
subjecis” reach envelopes and limuted dynamometf
measurement 1n vanous directions amd aneles, At
present, it is {ined with a replica Martn Baker Mk
IV scat witlia Personal Sarvival Pack (PSP insiu
covered by an airworthy cushion. The seatis fned
with 4 four poin” resiraint system, with a circular
‘uick Release Box® (KRB There s oo nogalive
‘G oslrap or inertia reel system in the harngss
svatenn.  The mudder pedal gssembly s adjustable
and was set to keep the pilet 10 oprimal posture n
fullyv steapped up condition, ax i would be desirable
in gctual areralt during such manoeuyvres. The
control eolumn js wllied wothe fleor of the UC
The overill height of the conmral column is 68 om
and its uppermoest 21-cm is pivoted on 1o the lower
column o achieve movements in all directions
The horizontal distapee of the controb codumn for
the *Seat Reference Point’ (SRP) is set to 52 ¢min
the lowermaost postion of the seat. The maximum

angular movemnent ol the control column in the
forward direcuon thar can be achieved 15 24 deprecs,
The seat heght was adjusted w the suung height
of the subject hased an his hest and mast
comlortable posture achievable, simiekar ro thatl m
L wircralt. The up und down adjustabilicy ot the
st in U b omore than 8 cin, Beyond the poesemt
recuiremment of the subgesl

The subject pulot, in normal siapping conditions
to hus o conntort trelaned 1, weas asked to grip the
control colwrnn o bus coeht band i nonmal manner,
Ihe horrontal distanee (ram the npoof the right
shoulder to the seat back wis measured vsing
staticdurd eensuring eapse witly least cowny ot 1.0 mm,
The pilot was then asked o move the stick
maxmally torwards, avaiding any jerky motion of
the column. At this, the forward movement of the
shoulder from the seit hack was remeasured.  The
ditterence between the two was calenlmied ax an
additional forward movement of the shoulder lor
twao single hand operdanons,

The pilot was then restrmuned in the harness
achiieve w light (0 with the sear back as desirable
during acrual Aying e was then advised 1o move
the control column in straightforward direction with
one hand Arst fodlowed by both hands weetlier, The
mavemeant of the contral fick was delermingd in
degrees with a large sized protractor palced ar the
pivat point, with iy angular aspecl lowards the
upper movable portien of the column.  The
protracter bad least count of | degree. The
refarence line of motion wis seleled as verlical
Kouckle line formed on gripping the control
cislumn. The difference i the angular movement
in bath aperations was recorded Tor furlher
analysis

o Dharg analvsis | The data generared n the 1C
wis corrected (o Kiran ac control calumn
geamentry in view ol the exsting dilferences
between the contral columns of the twon. The
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detailed analvsis involved mathematical and
geometrical caloulalions

I statistieal analbysts was dome with stsndurd
Microsall Statistical pukage, Poired T fest was
done o deteriine the statistcal difference ohserved
hatween the shoulder muovciments chserved i the
fiest west and the are of monon executed by the
control column in the second lest, e bubwien one
Tuaannel sl Dwets Do cprerubions. Begression analysis
10 determine the ‘best line fir” relanonship of the
obgerved differences between one and two land
reaches b the comtrol column and  the
anthropometre parameters of the subject was done
Iy using Excel stustical package. The best tin plots
g0 achieved and the mathematies] dervalives were
gxirapiluied, wilh known extremes of earlier
recorded anthropometne values, with 8 view o
predict the compromises vn the forward contee]
¢olumn movements ar such extremes of range of
body parameters. Correlation analysis was done
using Excel package 1o find. 1f the difterences
varied directly or indirectly with the anthropometric
parameters, Correlution cocfficient was determuned
using the standard formula.

Resulis

The mean age of the subjects was 25.35 = 1.67
years in range of 23 « 2R.25 veurs, Their mean
tlying experience was G138 hours = 42947 hours
in range of 170-1500) hrs. The mean experience on
spin recovery was 28,8 limes

The obseved anthropometric dimensions of the
subjects were as follows: mean sitting height 90,749
+ 2.60cms, shoulder height 60.5% £ 226 cms
shoulder width 4403 1,12 cms. arm length 73.56
cms and elbow length (knuckle) 36.54 = 1.4% cmes
The mean shoulder movement vhserved with
maximum forward movement of control column in

Tl F Agrospetee Med 42721 T99UR
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one hand operation was 5 46 <« | 9%cm in range of
20-8.7 cims. The mean forwiard movement with
teer hand movemenl of control column wos 9,89 =
169 cmsan range of 79 - 124 ems The ohserved
differences between the two operations was 4,43 &
I 47 cmon range of (08 cmys - 5.8 cms, The
observed ditterences were found o bo stalistically
significant. o paired T wests 1 = 335348 (p= <
LVARIT )

I shoulder restrunl conditivn e lest bwo, the
mean angtilar moverment in forward dircction with
atte hand operation wias 6,13 = |45 degrees when
cormected o Kiran geometty,. The corrected mean
angular movement with two hand operalion wis
found 1o be 4.32 = 1.26 degrees. The angular
difference between the two was L8] £ [LRG
degrees, which was found statisteally signilicant
(p=<(h0d11)

The correlation herween the wrm fength and the
differcnee between shoulder fixed test was U6
Corralanon and regression analvsis was found non-
sipmificant:

Discussion

Spin manvcuvre s required 0 be practised
during flving training to familidnise the crew with
s recovery and master the powedores involved,
should it ever oceur inadvertently or due o wrang
mpats at the controls any time in the carcer of the
pilot. Spin manocuvre, other than fully controlled
undd intentional, is an emergency, which may end up
i ejection, loss of aircraft and life, IUis invarkably
a prave cmergency in operational fighters. as the
ability of the aircralt ro spin depends upon the ratio
of the mass of air under the wings und the fuselage
of the wreralt. Amongst the existing jet raners in
ALY the problem of recovery Imivmspan is reprslad
niore often in Kman awecraft 2] Some of the

L3




Eryemnamic factors : NN Aggarwal, V'V Jaxhi

expericnced pilots  were unable 1o pinpoint the
genesis of the problem. It was cledar from the
discussion and the literature that the uperatal
requures o hold the control column with both the
hands, as 1w énsure the nidline movement of the

control column and to counter the ctfects of

“mleron snatch.” The latter 15 felt ax forcetul jerky
movement of the control column to elier sicle,
during recovery from the span, The arcral
usually recovers in 177 ta | turn. The peak lirves
I spin Tecovery on the control coltmn ire repatedd
11 be 30 lhe [ 3] Though these furces are wel
tolershle by ane hand. in order 1o mantoin contro|
and precision
required

the sceond hamd is as well

In our study, the 1est protocol was di vided g
two distinct tests, The first test ullowed the prilest
e move s shoulders torwund maximally i by 24
degrees in Umiversal cockpi equivalent to 7.41
degree of the contrnl column in actual aircraft,
view of the difference in heights between the twao
The o1l are 10 be cxecuted was predefined in the
lest, and the subjects were required to reach this
target runge The shoulder movemesnes during this
elfort were found 1o be 3 sigmifleant déterminant for
in-flight reach. To achieve 7.4] degres forward
Mmovement, mean 989 ¢m of shoulder movement
wils required, It is therefore quite ubvious that in
tully restrained condition. & pilot would not be ahbie
twachieve it In the second test which incliuded the
determination of the ability to reach forward
fxicd shoulder condition, the arc of movement of
control stick could only he measured accurately in
terms of angles moved 1o eliminate Inaveuracies
incurred on aceount of several interfering variahles
viz, inherent difficultes in taking measurements in
thiee dimensional space. possibility of inlerference
with pilot’s movement hv the obscrver contribulion
of adducuon, Nexion and roaton al the shoulder,
clbow and wrist as an indirec attribute of
anthropametric  measuremenis amd  body
cybernetics: Therefore. the observed angular
moveinent was converted info the predicwble arc,

14

and 1l was asswined thai through small deprees of
vements, the wre would upproximate closely with
the acteal imovements in strght Toeward lne, The
angular movement 4t elbows would get luriher
alfected 1n actunl spin manocivie due 1o the elfects
ol acceleration lurees (+02) acting on the
individual, which could be as much as + 3 iz,
These eftects conld fiot be simulated i Lineve sl
cockpit. The ergonmmie layout of sondol in
humwn centrifuge s noi confinmimg o e Kiran
gevometry, Alung with the other problems of kg
manual measurements in gondola, the sty could
ot be carmied out mogondoln, Thus the studdy Tl
limitanons of nao teluding the elffects of
scceleration, wnsion exertid by anettia ree| systeom,
varianee ob posture under G siress und
abnormal attude of the wireral during spin, Hence,
the tests carried brought aut poly the reach
COmpromises in two cxtreme conditions under slatic
condilions wlich are likely 1o ger lurther
compaunded in the cockpic  These include the
uncontrolled suvation, when the aireraft does T
recover despite large inputs on the control coluimn
by the pilot. The second situation could be, when
the pilot is completely resirained in his Forward
rech with negligihle shioulder movemeils. The
siualion gets frurher comphicated will induciion of
women pilors. wlho have shorer statre aud Timh
mEan pardmeters as compared Lo therr male
counterpares (4,51, Therefuore the maximal
achizvable reach of the women pilots is likely o
adversely affect her spin recovery, though ng sueh
case has been reported as ver

Vortunatzly the furward movement of the
contred column required for PN tecovery 15 only
3, which eorresponds to an are of 156 cms an the
HIT wath control column's height of 68 cmid).
With one hand operanon, all the subjects conld go
past 3.56 em of arc: however, with two-hane i
om the control column. 30% of the suhject pilols
were unable w reach fully forwards, This finding
' stgmlicant and clearly indicares that a Farge
number ot the pilots in fully restraimed comdition,

fnd J Aemspace Med 42{2) ooy
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e 50, under dynamic accelerative stresses would
be compromising during spin recovery proceduics,
With the anferences ol above twe tests o can be
deduceed e two-himd forward reach 15 443 cm
shorter than one hand reach on the contrel column
of the HIT- 16, The sum of the arm length and the
shoulder movement reguired in Lwo hand gpenitions
is ot coropatable 1o 1he actoal distance between the
seat back and the shoulder jeant ood the gopoal e
In healthy aduolts the wrest
geometry and the holding patterns 0o different
subjects mav influence this parameter, conseguently
the ellsow movement is variable. Further, the
shoulder besides moving forwads, ends 1w shifl
upwards in prder 1o facihitate the ¢lbow extension
during forward push to the conal column. These
facts were not aldressad o this limoted stody The
comelanon between the difterence of the achieved
angles during one hand and two hand operanons
and the-arm length of the subjects 1s 0.6 0 the study,
In our study, one of e sulsjecls could not achieyve
the Trward angular movement of even 37 due o
shorter arm reach. The eorrelation of ather
anthrapometric parameters and the observed
differences were foundd to he poor. Tt was probably
due to relatvely small number of subjects, winch
could not represent Tull eross section of the
population data. The following design lealures
specific to Kiran aircrull could be contributony 1o
the present protiem of pushing the stick forward in
recovery flom spin |

conlrol column

g The NESP o contrel column distance of 52 cis
i5 i excess of the idedd [77.

Iy The control column of Karan is in two different
parts... The top 21 e column {s responsihle for
lateral movemenis which tends to cause
unimtended lateral movemenmts when moved in
i single plece column. 11 is because the lateral
torque regquired to deviate the upper column on
top ol lvwer larper column, 15 lesser than that
recired for the lower main column alone for 1=
movemnenls on the fulerom. This is likely w

Ind J Aerospace Med 4202, 1998
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become more critical during recovery [rom spin
under Narees of mileron snatch

I the present study, we could not arcive at the
minimum A length requitement that wiuld
cause any compromise in bwo hands aperaton o
the comtrol calumn for the recovery Iroim spin o
Kiran mreratt. Unce sdenutied such pilots may ot
be given Kiran trining, but coulid be given raming
on “lskara® wreratt, of otherwise hls anthropometlic
parameters: are conbirming with lad down
standards. A further stedy widy luege number of
sthjects 1o redach relevant anthropometric Corrélation
15 reguired Lo make this bifurcanon more specified
andd bring out the limugations. As an iilerim
medsure, howevern, the instructors at fradning
establishments could be specially briefed (o check
the aainaan Grwand reach af the Irainee pilotson
presence of an Aviation Medicine Speciahst, in a
nghtly harnessed condition e determine the
anthropomernas suliabiiity of the rminees by cogkpit
trial on HIT 10, Additiovuwlly, the issue of
erponomic difficulues in pin opernuon could be
studied by |

wo Sudy of seeidem darabase and detaled lindings
of the "Court of Ipguiries” held for viation
setidenis dua 1o non-recovery from “Spin’ on
Kiran and other aireraft, The inllight events
immuediatety prier w the accident/ejecnon could
be telzted 1o the anthropometric parameters
availabe in the APMSE-T of the mlot or No 2
AMTCIAM

b Actoal measarament of arm reach ot the subjects
on Kiran aireraft by locally available Aviation
Medicine Specialist, ro avord extrapolation of
related data from thal availabic an [Inviersal
Canckpit,

Az the task was speaified o be completed at
LAM within und month, the fest approach could not
he taken The second approach wo, would have
i ulved Myving estublishments sigmificanty; hence

15
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we chose to continue with the pilot study as
planned. As the study has come out with sigiuficant
contributory lndings the respective studies coubd
e underiaken ar Die of Flight Safety, Air HO
amd the refevant training estahlishments,
invoelving locally wvailable Aviatinn Medicine
Specialists,

Conclusions and recommendations

2. There 15 sigmificant probability of ergonomic
comprommses i CKiran' arrcraft in executing
dual hand forward push of control column
during recovery from *Span’,

h The problem s more pronvunced in "Kiran'
mrcraft due te certain design features

e Women pilots may face further compromises
due 1o gender anthropometric differences.

d. This limited study did not address the role of
other contributory variables viz, movemanis
and postural changes ar shoulders. elbow and
wrisl juinis at rest and under effects of
aceelerative forces.

c. In order 1o achieve adeguate forward movemenr
by the aifected lrainecs, mainienance of

|6

harness Little loose cannot be recommended
i view of increased njuey potential, should
there he any eaxposure to shorl duration
decolaration

b turther studies be ken up o ascertun mimimum
anm reach eriteria tor travner and geoeral ying
duties for Inchian airerew
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