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NDesign of a Modern High Performance Aircraft

QUALITATIVE REQUIRFMENTS OF A MODERN FIGITER AIRCRAFT

BD Jayal

The Lople "Qualitative Requirements
of a Modern Fighter Adreraft' Is indeed
vast, encompassing many disciplines and
it is hardly surprieing that it Lends
to mean diflferent things to different
people, depending on their own area of
interest and specialily.

Future Comhat Adrcralt

Thanks to technological advances in
materials, electronics and computers,
both din airecraft and as an aid 1o
design and simulation, we see future
conbal aircraft developing as highly
potent multi-role weapen systems with
a high degreé of intelligence. This
intelligence in the system will guide
the pilet in taking correct decisiom
through display systems. It is not good
for Lhe epo of a pilot to find 8 parti-
eulpr command in the coekpit not being
obeyed because the computer senses it
to be wrong. Instead of obeying, the
display tells him to select again meide—
stly implying Lhat the previous action
was wrong. In terms of physical perfor—
manee, aireraft will have very high
thrust—Lo—weight rtatios, in excess of

AVIATION MEDICINE : Vol.30 (1),June 1986

one, resulting in rapid accclerations,
high rates of eclimb, high sustained G
and so0 on. These are all going to make
greater physical demands on the pilol.
when we consider chat a BVR supersonic
interceptiom at 13 Kun wmay be completed
in 4 min from the Lime the pilot was on
the ground then we get an ldes of the
physical and mental demands on a pilol,
all compressed In a short timeframe.

Agspects of Human Interface

The human requirements are less
easy to detine and are yet far more
important in terms of ensurlng that the
total weapon system performs optimally.
This calls for harmonious dnterface
between the Pilot and the: aireraft.
Essentially, there 1s need to look at
Lwo areas i

— Establishing an effective wapport
or interface between a fragile and
fallible human heing on Lhe ¢oe
hand, and an intelllgent  weapon
sysbtem which absorbs and processes
a large volume of sensor data on
the other.



= Providing physical Protection and
comfort to the pilot to enable him
to sustain peak efficiency.

Fllot=Vehicle Interface

Talking of the first item, it is
obvious that attention should go to the

cockpit or crew Station since it 1ig
from here that an  effective Pilot-
Vehicle Interface (PVT) 15 to be

achieved. ‘Today this is a concept when
Electronic Cockpits, Head Up Displays
(lUD), Multi Funection Displays, llands
on  Throttle and Stick (HOTAS) 1layout,
Voice Command Systems, Helmet - Mounted
Sights and Touch Panels are all vying
for a place. More lmportant, computers
will monitor many of the pilot's fup-
ctions and reject Wrong actions of the
pilot. There will thus be & continuous
realtime dialogue in the cockpit bet-
ween the pilot and his weipon system.

Optimum solutions will vary with
the aireraft's role, specific missions,
ergonomics, pilot acceptance and many
other factors, Perhaps it is worth
sharing some thoughts on these aspects.

HUD: Head Up Displays are available
in present day fighter aireraft, But
much wider fields of view are becoming
available with capability to project
both Cursor and Raster symbology. We
are already aware Ethat decluttering of
HUD symbology is becoming necessary to
Prevent saturating the pilot. How mizch
information in a Particular situation,
whether take off, landing, navigation,
O weapon aiming, can be absorbed effi—
ciently by a pilot will depend on many
factors including operation by night.
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Multi Function Msplays: Electroni.
Cuckpit concept 1g te do away wit]
traditional Instrumentation albogetlie
and have two or more Multi Iunctior
Displays instead. The questions  to e
addressed and resolved are;

Will a totally electronic cockpit
find universal plloL acceplance?

Is colour better than monochrome
and  1f so, what information should
have which colour priocvity?

What should be the data distribu-

tion formasc? ‘

What data should be pilot aelecta—
ble and what should be mode selectahle?

HUTAS: This is basically an inte-
grated approach at workload alleviation
and a means of establishing betier dia-
logue between the pilot and the weapon
system. ALl real time controls  for
sensor operations and Weapon management
are located on the throttle and stick
8rips, obviating the need ro move handg
especially under ¢ load condit{iong.
Optimal switeh locations and universal
pilot acceptance will need studies.

Voice Command System:Voice actuated
command system is no more in the realm
of fiction.This approach still has gope
problems, While the words and =sequence
of words may be the same, the frequency
of sound generated by different pilots
would be different. Even for the same
pilot, the frequency of cutput  would
never be the same through the ¢ 1gad
Spectrum. If to this is added the comp=
lexity of different English accents,the
problems certainly get magnified, Not-
withstanding these problems, there is
very little doubt that voice command

AVIATION MEDICINE : Vol.30 (1),June 1986




b
A1
3T
i)
Jih

L~ SRR T = |

o

L Lo o L LS ol L PN = DI — N

gystems hold immense potentialities In
4  Fighter cockpit and will be used to
full advantage in future.

In addition Lo the above, helmet-
mounted sights and concept of touch
panel will find wider wuse in future
Fighter aircraft. However,their utility
for optimum human—vehicle interflace
will need extensgive and careful studies.

Crew Comfort

To  cope up with the moltirvole afir-
craft regquirements where Iin a very high
voluwe of information will be processed
and displayed, a two crew concept may
become necessary to maintain physical
and mental aleértness. IF, Indeed, this
beeopmes necessary, the work sharing
between  the two will require careful
study. Reclining seals and associated
slide stick controllers must be studied
with spercific reference to the cockpit
eovironment. Quite apart from their
apparent benefit, will they find pilet
acceptance 7 Upinions seem divided on
this dssue. At this juncture, 1t is
worth noting that with the agility of
modern fighters made possible by fly-
by-wire controls, the pilot's ‘'seal of
the pants" feeling has virtually been
eliminated from the Toop, and Loday one
reads reports ahbout the pilot not being
able to withstand the rate of build up
of C generated on airecraft like  F-lG.
One also understands Lhat there is work
going on with partial pressure Threath-—
ing to JIwprove the G threshold of
pilots. There is 1little doubt that
Loday it is Lthe huwwmsn being who is
becoming the 1imiting factor in expand-
ing: the performance envelope of combat
aireraft.
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Crew Protecllion

It is Inescapable for future air-
craft to have protection for the pilot
in a nouclear biological and chemical
environment. The aircraft aircondition-
ing system will need to cabter Lo parl
of the requirement. The rest perhaps
will be the pilot's flying clothing,
mask and oxygen system.

Coming to the crew survival, 1L 18
perhaps unfortunate that design enve-
lope of fighter alrecaft and  ejecbion
scats/safety equipment have not always
been coincident. There is a crying neced
to devote as much atbtention Lo escape
gystems as 1t 1s to aircraft 1itself.
Our wim should be to have a pilort back
in operational flying very soon aflter
an ejeccion. With costs of flying trai-
ning soaring, there 1s need for pgreater
R&D in this fileld. Siwulbansously,Lhere
is necd to somewhat harden the cockplt,
with parasitic protection of Lhe crew
station, to ensure battle survivability
against the ever Increasing lethality
of Air Defence Weapon.One cannot expect
complete protection; and tradeoffs need
to be studied.

Special Areas Needing Medical Inputs
for Optimal Man—-Machine I[nterface

S0  far the discussion has centred
around Bilet-Vehicle Interface, increa-—
sing workload of a fighter pilot and
the attempts at alleviating 1ir. This
paper will be incomplete without a few
words on the demands being placed on
Lhe vround erew. All too often,in thedir
enthusiasm to achieve high perfarmance,
Lthe designers give the least  priority
to aspects of maintainability. Tor

example, pre-flight engine check in a
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typical fighler involves the Lechnicfan
crawling prone and head first into the
intake with a torch. To expect optimum
performance in an Tndian summer while
doing Lhis check would be to overesti-
mate human tolerance. A lot needs to be
done during design phase to help air/
ground crew Lo achieve task efficiency,

Conclusion

The gquantitative requirements of
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future fighter alreraft are quike con—
cefvable. Howewver, to have effective
and vptimum pilot-vehicle iInterface in
an  operational environment, it is
necessary te lay down the qualitative
requirements of man-machine interlace.
To have adequate data For elearly
defining these requirements 1t is npee

SHAry to have simulation and other
research studies at well known Centres
Like InstiLute of Aviatlon Medleing,
Adrvcraft Systems and Testing Establi-
shment  and Hindustan Aeronautics Lbd.
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