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Ttiroduetion

Thiring the last war, the vast strides in
production and complexity of military
gquipment resulted in the thuman operslor’
nil being able. Lo utilise the equipment
adequately and to the maximum efficicney.
Tt owas to (his end that the science of
Human LOngineering came  into  being.
Briefly, human engineering as applied o
design of equipment, places major emphasis
on efficiency as measured by the speed and
(aceuraey of human performance in the use
Jof the equipment. Allicd with this efficie-
ney are the safely and comfort of the
. human operator. Maturally rthis invalves
‘the application of information about
human beings and their capabilities and
limitations to the design of equipment.
‘Since the mos! sipnificant manfmachine
combinalion in recent times has been the
plint{mrc.rarr human engineariig has conte
to play an important part in the latter
_d;:ssagn
As the pilot and aircraft relationship is
. nimost ennra]y confined to the cockpit,
recenl thinking on the subject has been to
-"human enpimeer' the cockpit and its equi-
paient to fit the pilol. Not only must the
gockpit fit the pilot physically by being
tailored o his dimensions, but more
1mpur1an1 that the cockpit and eguipment
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The Humnn Engineering Aspects of Afrcraft cockpit degigpn are considered. The
ypeciiic requirements for control colomn hand grips and centralised warning systems are
The foet thot cockpit design has nol ye! atthined a universally acceptable

be designed 1o fit his sensory copacities, his
muscular cosordinations, s mental thou-

ght processes and his oleeady learnt habits
and skills.

This paper discusses the cockpit in gene-
ral with specific emphasis on ‘Cantrol
Column  Hand Grips® and ‘Centralised
Warning Systems’- perhaps the two most
importanl items of cockpil equipment,

In the very early ajrcraft the cockpit
was just a place for the pilot to sit in 'with
a few essenlial controls around him which
he was expected to operate, Over the years
the cockpit controls have increased consi—
derably and various kinds of displays ate
required for the pilot to be able to effecti-
¥ely use the machine. Sophisticalion in
cquipment has thersfors been a logical
change which has brought with it certain
essential reguirements in the design of a
cockpiL
Control Column Iand Grips

With ihe expericnce pained ower the
vears, it is now possible to'clearly define
thiese regquirements hoth in quantitative
and qualitative terms. Almost all of them
concern the Human Engineering aspect
of design—a subject which has been the
fucus of attention of many Research and
Development organisations in the aviation

# Cliief Test Pilot, |1II'IJ.|1.1\11|1| Acronantics T.td, Bangulors-5t0017.




Wik, CDR, 1. M,

field. Why is it that despite all this, a
universally acceptable cockpit continues
to elude us ¥ The point will perhaps be
elear iFf we take a few specific examples.
Ler us first consider a very basic yet o very
important cockpit control, namely, the
contrnl column  hand grip.  The basic
requirements a control column grip should
fulfil are to he hoth comforiable 1o the
pilot and yel afford the maximum chicic-
ney,  These are now discussed in detail.

The basic shape of the grip whether it
hea pistol type or spectacle type will be
determined by the wype of control system
and the role of the aireraft. In most single
seat aircraft the pistol grip is preferred,
while in multi-engined aircraft, operating
with two pilots, some form of a spectacle
grip is desirable. It may be added here,
that except for the physical and mechani-
caladvantage pained by havinga “spectacle’
type grip; tests have shown that efliciency
in psing both grips is the same. However,
the advantages of spectacle type over pistol
lype grips is clear il large control forees
are Ly be cxpected.

The basic grip must permit the full hand,
Lo grasp and held high oul of trim foregs
in emergency conditions and vet be able
10 operate some essential controls provided
on the grip- It therefore follows that the
grip must be relatively shim and unencum-
bered.

The pilot should have maximum sensi-
1ivity at the hand when feeding in stick
motions or feeding back airframefstick
responseés to the brain. These mental
signais are derived from the pressure
sensations felt by the digits and palms.
Forcllicient controllability the grip should
therefore be moulded 1o fit the pilot’s hand

520 1 A M. 8. of Indla, Qetober 1973

CHOPRA, AVAM

so that the maximum surface area of (he
digits and palms is involved in covering
the grip controls. Al the same time the
fingers should be free to operate
virious controls on the stick. A typical
fighter stick uswally have the following
contrals:

(i) Tailplane trimmer switch,
(11) Gun firing trigger,
(11i) Bomb'Rocket release button,
{iv}) Camers button,

AFKTH L ATCw FYH ol il ket

Fig. 1.
A lypical contral column hand grip

The grip must not bc so shaped as
impede stick travel in the cockpit and mu
give minimum interference: to the pilol
view of the instrument panel.

The grip must nol he unduly heayy.
have its vertical C. G, location too fard
as these would tend 1o increase hreako
forces al the grip, and yet the grip m
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be stronpg enough 1o withstand  the highest
possible hand and arm lever forces.

The grip should provide a rest position
for the hand to permit flyving with a rela
sed grip, and yet permit operation of all
the controls on the stick. This 1s normally
catered for by providing a ‘heel’ at the
base of the grip on which (he base of the
palim can be rested (Figure 1).

Fie: 2.
Another view of the control column hand grip

Finger operated services on the forward
Fage of the grip which are not visible (o
the pilot shonld he instinctively identified.

The finish on the grip should be such
that @ certain amount of friction is provi-
ded Lo the piloi's gloved hand, and yet

Tot be such that a strong grip will be

uncomfortable.

The grip should be placed centrally lo
the pilot. An offset grip would resultin

HUMAN ENGINEERING
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a tendency for the pilot to pull the grip
lo a position lnteral than desired.

The grip should be loeated close to
elbow height for maximum comforl and
iﬂ.";‘i]’fﬂt‘._}' mn Uﬂﬁ[ﬂll movement q"'ll'id CALSE
least fatigue.

It isa fact that today one frequently
comes across @ control column grip  which
leaves a lot to be desired. If the grip
fulfills most of the requirements enumera—
ted above, it obstructs the view of certain

Fig. 3. Countrol column grip obsitructing the

view of mstrument pancl.

. essenfial instruments/controls in the cock-

pit. The control colomn grip shown in
Figure 3 is a convincing example. It
obstructs piloi’s view of the G 4 F compass
even though it affords a comfortable grip
and provides good accessibility of various
buttons/conirols mounted on it.

S0 far most design changes and impro-
vemenis have mainly affected the shape
and size of the grip withoot interfering
with itz location in relation to the pilot.
The control column in its basic form haz
remained in front of the pilot ever since
Wright Brothers flew in 1903. 1In the
carfier -days il was necessary to use the
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principle of a lever lo oblain mechanical
advantage. These days control surfiees
are invarinhly operated hydraulically for
which the original concept of obtaining a
mechanical advantage no longer remains
However, the stick still rema-
ing in front of pilot the same
shape and size asthe early days, [Why
lias it not been relegaled o one side in
the cockpit so that the pilor is afforded an
wnobstrucied  view of his instrument
displiys 7 Why cannot it be replaced alto-
pether hy some other type of control which
does not ¢come in the way of the pilot and
his primary instruments? Why with the
presemt slate of lechnology, it has not
been so far possible 1o:fly by wire other
than for experimental purposes. by merely
manipilating 2 small and inconspicuous
control, perhaps no more than the size of
4 pencil, located ata convenient place
the cockpit ? These are spme of the ques-
tions. which have remained unanswered
and to which thers seems. to bé no logical
explanation, considering the phenomenal
progress in science inthe last iwo decades).

1'.|'.~l!l'-‘"~‘l"|‘.r:q- .
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Centrulised Wurning Pancl

Centralised Warning Systems

Another very important aspeet in the
design of o modern cockpit is the display
of failure warning to the pilot, A combi-
nation of visual and audio warning signals
i5 generally used to attract pilot’s attens
Hon in case of emergency,  In view ol the
mereasing number of signals, they are
grouped Logether on a centralised warning
panel and an attention geller is provided
at asuitable ocation in front of the pilot
Any warning system, whether visual on
audic or a combination of both, must
meet the following criteria ;

(i) easily detectable,
(ii) holding attention,
(iti) easily identifiable,
(iv) infinitely retainable,

It is interesting to note as to how many
warning systems installed jﬂ]'.l]'t}RL,"r]ll.j'dj:':
aireratt,  particularly combar  aircraft,
mensure up to these seemingly ¢lear and
hasic requirements,  There iy no douht
that there are some aircraft which have
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good warning system, The lav out as
shown in Figure 4 1s perhaps a good one.

The centralised warning panel is cent-
mlly mounted al pilot’s eve level and
dircelly in front of him,  While the size
of'the lettering and the location and fla
shing Treguency of the attention getier
are adequate for the job for which they
are Intended, the location of the whole
pinel is a particularly good feature of
this display. 1t must be realised that in
peombatairerall this pluce would normally
be occupied by a Head LUp Display or a
“Gun $ight. The size of the panel is quite
large and usnally so much of space will
not be available in a modern fighter air-
eraflt.  The Cemralised warning panel
shown  in Fipure 4 seems to meet the
eriteria. o5 indicated earlier. However,
evenswith such 5 simple and <lear presen-
tation there would be a minimum response
time before the pilot can start to reéact 1o
the emergency after he has identified it.
The requirement maturally 15 to keep the
réspunse time as low as possible and this
depends on the effectiveness of the warning
system and on the skill and training of
the pilat to take necessary corrective
action, Reaction time is taken as the
time between the onset of a warming till
the pilat takes corrective aclion.

The final outcome of @ warning system
installation in an ajrcraft is dictated by
many factors. Till today we have not
achieved any measure ol standardisation
in this respect and we therefore continue
1o be confronted by warning systems which
leave more 1o be desired in some field or
theather. The number of failure war-
nings Lo-be indiealed 1o the pilot 15 large.
The lights and the writing on them are

HUMAN ENGINEERTNG
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necessarily small, requiring comparutively
more lime 1o identify them and thus
increase the reaction time in an emergency,
The centralised warning panel in most
fighter aireraft has to be located on the
left or right side of the cockpit and not
in front because of punsight/Head Up
Displuy. Therefore the pilot hias to make
a deliberate effort 1o identifly a Milure.

Coneluxions

We should now try to analyse as to why
this situation exists wherein such impor-
tant aspects of cockpil desipn, have not
reached @ universally acceptable standard.
It 15 because the human being ean adape
himself 1o almost anything and can cope
with considerable amount of discomfort
and other shortcomings. Once he gets used
to the environments in which he has to
aoperate, his performance appears to be
satisfactory.  One can only say that it
“appears to be sartisfactory' because of
the following Indeterminables :

(i) Mo accurate gquantitative measure-
ments of a pilol’s performance. ean
be mude except by indirect qualita-
tive methods.

(i1} In the absence of a performance
daivm under ideal conditions, no
performance comparisen  <an  be
made todetermine the deterioration
in performance, ifany, under exis-
ting environments,

These are just a few of the many impor-
tant aspeels of cockpit design which have
large pgaps in their development status,
Obviously there are many others which
fall in this calegory and can be improved
1o a universally aceceptable standard. It

J. A M. 8 of India. October 1973 55




Wi, COR, 1. M, CHOPRA, AVAM

is often argued that ‘idexl’ does not exist
in practice. While accepting this state-
ment, emphasis must be laid on developing
4 cockpit which will be acceptable to al-
most the entire pilot population within
practical limils. Tt must be conceded that
such a cockpit does not exist today. The
basic idea of this paper has been to project

a few problems from the test pilots’ point 2. OnrLAnsky, J.: Psychological Aspects

of view connected with human engineering of Stick and Rudder Controls in

of a cockpit. Aircraft. Aeronautical  Engincering
Review 81 22, 1949,
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