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Abstract

.
bLllﬂE{.]Tl‘fE assessament ol a cockpiy conurol
‘Canopy jettimonimg handle” in Ajcer Trainer Mockup
hus been diseussed.  An objective method has been
devised Lo measure the Joading given (e the control
from study of integrated clectromyopraphy (1EMG)
during ity operation.  T'his technicue has been found
uselul in the pverall assessment of cockpit conteol and
may be utilised by aiccraft designer during modifica-
tinn [or olleclive uj}t:ruliun.

Introduction

The efficiency of an afrerew in o clese loop
control systeis of man-machine complex depends
upon interaction of various subsystems of human
aperator and the aireraft. The pilat should be able
to operate all controls in the cockpit efhciently and
accurately with speed and salety=,

The cockpit lavour and control display  are
basically designed affer human engincering conside-
ralions tncludiog anthropomeiric parameters. Howe-
ver, certain compromises are often made for factors
like space, weight and the cost of aircrafr,  These
comprouises in positioning and operatiosal efficiency
of controls can affect the reach of a pilot and may
encourage a tendency of keeping hiz harness loose
to ensurs o better reach and operation of controls
This practice can lead to dangerous conssquences
in the event of an ejection®.  Tlence i
perative that the layour of cackpit rcontrals and i
affcctive operalion are critically assessed ar every
stage of development of an aircrafe.

heécomcs 1m-

Subjective assessments arc often incomplete and
can be variable depending on many individual factors,
During one such assessment ol Ajeet trainer(l) amr-
crafi at the development stage a number of pilots
experienced difliculty in operating the canopy jettison-

ing hundle. Hence a necd was felt Lo develop an
r:h_ir,n;'_{n'l' method of assesstuenr an addition ta Hllhi‘}u‘
tive evaluation.

Canopy Jettisoning Handle

Thit it secondury emergency contpal which is
mweant for jectisaming the canopy in the event of
smoke in the cockpit or prior to erash landing when
the pilor decides to jettison the conopy wloue without
arming the cjection seat.  fra operation may also bo
vequired when the peimaey handle fails o jenison the
canopy.  The control is located on Lthe horicontal
panel of left hand consale of the frant cockpit of
Aject trainer a:c (Fig, 1), The control is o L} shaped
handle with 3" pgrip bhar wirclaocked with load of
0,5 kg Lireaking steengrh, ‘Uhe control has a mechani-

Fig, 1
Lacation of the Canopy Jettisoning Hemdlé o Lhe Universal

Conkpit Subdect |= saen pulling the handle.
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cal linkage and is a spring loaded system, The load-
ing ol the system may vary from 15 40 Ibs Trom
aircrafl 1o airerall. Its operation invelves a blind
approach to hold the handle with felt hand in prone
pusition, unlock the wirelocking operate the
control with a jerky pull keeping the shoulder joint
A% & pIvaT,

and

Muethods and Obscrvalions

fat  Sefeetron of awbfect -
erew envering ath e 4ith porcentile of standard

Ten experienced air-

Indian pilat population were selected as subjects,

Their static anthropometric dimensions were eusucs
wl.  Forv this gtody, their sitting heighe, total arm

reach and elbowsto-grip reach were specilically noted,

(h1 ok pir triedy s Dsang the standard  fiving
overall the subject harnessed himsell an the areraf
seul and adjusted his sent position as per Lhe eve
datnm point,  He waethen asked m acume ejection
pasture, approach the contrel hondle Llindly and
pull it baclkwiard in pne throst,  The clearance of
el from the canopy thraster was observed hefore
and alter operating the handle (Fig. 2} The total
lEllglh ol the control cabile pulled was measured and
subjoetive comments were noted. Subjective come-
ments after conduction of similar trials in Gnat ar-
erall were *satisfactory’ in every subject,

() Subjective assessment ; Findings of subjec-
tive astessment in Ajeet (T) cockpit are given in
Table I.  Almesr all airerew neoticed that the loca-
tion of the control in Ajeet (T) is more backwardly
positioned in relation 1o seat reference point com-
pared to the Gnata/c. Operation of contrel was more
srresafuul in Ajeet (1) conmpared 1o that in Goat,  Air-
crew in higher percentile proup showed werv livde
clearance from canopy jack. Their elbow hit against
canopy jack and their shoulder grazed against the
lefe longeron. In addition, they could not extract
full length of the contral cable during operation,
Atrerew in lower pereentile group observed Lt their
elbow hit hard againzt the canopy jack as sonn as the
control handle was operated, but they could extract
full length of the contrel calile.

{o ) Civieerive assessment @ In order lo measure
the mazimum lead required o paoll che contral
aud (o detesmine whether the positdon of the hand,
gither pronatian nr supination, could affect the per-
formanee, an objective method of sssessment was
devised in the Universal Cockpir.
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Fig. 2(h]

Clegrance  of olbow from e canopy thruster, marked as
1. (w) befure and (L] after oporation: of the handle. Nole
that the elbow Dits ageinst the canupy  thrustsr after
opearation

Three dimensional (3L}) measurements in ¢o-
ardinate: of horizontal dislance, vertical height and
engular poesition of the contral and other relevant
strncrures of afc in relation to the seat relersnce
paint were obtained from Gaoat and Ajeel (T) cock-
pits,  These were obtained after removal of cjeetion
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TABLE 1

Subjective assessment in Ajeet (T) cockpit

Elbowsio- Distance hetwern elbow to canopy jack .
g1, 3 : — - - . Subjective commients on
No. grip reach Before operanion After operation control operation
(cmeE) of handlc (cnis) of handle {vms)
| 43.5 Nil Nil Difficult to operate
2 480 5.00 5 Elbow hits against the jack
4 10.0 3.00 W —do—
4 56.0 7.00 5 Just satisfactory
3 37.0 G.00 ¥ —da -
6 8.0 5.00 = Elhaw hits against the jack
3 370 6.00 i Just satisfoctory
i 36,5 .00 ¥a —ilg—
9 43.0 Wil i DiffAcult to aperate
I 34.0 5.00 & Elbow hits against the jack

seat with the help of ** Cockpir Caliper ™* as dizcussed
in detail elsewhere?!, The data is given in Table 11,

TARBLE 11

Three dimensional measurements of canopy
Jettisoning frandle in the aircraft

al, . Horzoniol Vertical Apgular

M. A.:’;,‘r: ft distance distance distance
P [ems) [ems) (degrese)

1 Crnat 33 26 G

2 Ajeet(T) 32 22 70

Using the 3D measurements, Universal Cockpig
was set up with special attachwents of left longeron;
Lackside of cockpit wall and ranapy thraster!3,
The canvpy jettizoning handle was {a%ricated as per
its exact specifications, The handle was connected
with a miniature electronic load cell for mcasuring
the loads during operatinn of the control. The
load cell was calibrated with standard  weighis znd
dvnamometers.

Subjeciz participating in the aircraft cockpit
trials were taken lor trials in Universal Cockpit, The
reference point of the scat in the Universal Cockpit
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adjusted for Ajeet(T) and Gnat aireralt separately,
Muscular activity during the pull af the eantrol was
recorded with three silver electrades of lem digmeter.
After adequate skin preparation and wing electrode
two  electrodes were placed over the left
hiceps muscle at 2 ¢m and 5 cm above the elbow
joint while the ground elecirode was fixed on the
forearm. The electromyograph (EMG) signal was
integrated and rhe integrated EMG (IEMG) was re-
corded on one channel of a 4 channel DC polygraph.
The cutput from the losd cell was recorded on another
chaonel af the polygraph. Fach subjeet pulled the
handle with maximum foree keeping his hand in three
different positions—vertical(I), propated{IIP) and
supinated(115). Thus a simultaneaus rcenrding of
TERG and the laad pulled were made with three
positions separately for Ajeet{T)yand Gnat aircrall
settings (Fig. 3). Alter completion of the tests cach
subject gave his preference out of the three hand
positions,

Results are given in Table ITT.  Choice of hand
position for operating the handle has been statigti-
celly worked out by scoring ome o subjective
choice, one to minimum IEMG and oné ta maximum
load pulled, Best choice was found to be 1P in both
the aircralt with maximum load pulled in thai
pasition,
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The loads pulled jn Gnat aircraft in all the 3 satisfactory and only partially eflective compared L
positions were higher than in Ajeet (T) due 10 that of Gnat aircraft. This may be improved by
adequate room [or elbow to grip reach for the control.  providing a shorler extraction cable to ensure bettel
IEMG alsa showed similar trend with lower musele  operation of control by higher percentile pilet popu

potential in Gnat, lation, The control can be best operated by keeping
hand in pronation. This method of abjective assess
Conclusions and Recommendations ment can be urilised for evaluation of contral opera

Canopy jettisoning handle in Ajest (T)isless  tion duriug mockup stage.
TABLE II1

Mean values of pull loads in Ke along with their preferentiol scores in 3 different positions of the foand
coniral operation in Grar and Ajeet (T) aircraft (n=110)

P%ﬂg&%{:’f Mean pull load (Eg) Total preferential score - IEMG
operation nar Aject (T) (Gnat Ajest (T) Cinat Ajeet (1)
I 9,44 673" 10 A .56 11.00%
Ik 9.44 7.233 13 13 G.22 8.312
II8 9.0+ 7218 i G 9,89 15,721
'-|:-. <0 {11 3+ p=0 $p=005 I Mot sigoitivant i
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