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Edirorial
Russ Schedlich

As 1998 draws to a close, it is time to reflect
on the past year. It has been a year full of
challenge and change, triumph and tragedy.

As a result of the Navy’s worst peace-
time disaster since the loss of HMAS Voyager
in 1964, your erstwhile Editor spent a con-
siderable part of the year on the Board of In-
quiry into the fire in HMAS Westralia. The re-
sults of that inquiry have yet to be an-
nounced. But alongside the herces of the
firefighting effort stood the toil of the medical
teams rendering appropriate treatment to the
injured, and preparing for the possible resus-
citation needs of the missing, who sadly had
perished before they could be reached.

The provision of medical support to
Operation Bel Isi in Bougainville continued,
with health personnel from all three Services
contributing throughout the year. Sterling
work, both to the Peace Monitoring Group
and, on occasions, locals, was performed by
the team, staffed largely with Permanent
Forces personnel but with Reserve specialists
providing those skills not otherwise available.

The response of the Defence Health
Service to the tsunami disaster in Papua New
Guinea was superb, showing yet again our
willingness to respond in very short order
with very effective health support. Graphic
media reporting showed the trials and tribu-
lations of medical teams working in extremely
demanding circumstances to almost over-
whelming number of casualties.

Last summer, during Southern Ocean
patrols, Navy mounted major operations to
recover severely ill and injured personnel
from ships many thousands of miles from
port. In one case, this required the short no-
tice deployment of a frigate with a medical
team embarked (including a RAAF anaesthe-
tist), and a long, overwater, helicopter
medevac between the two ships in mid ocean.

Only a few months ago, the RAAF des-
patched, at only hours’ notice, a P3 Orion

with intensive care team embarked to Manila
to retrieve a critically ill Navy member to
Sydney. And this came only a few days after a
C130 had been flown to the same city to re-
turn one seriously ill and two other personnel
from the Navy Task Group.

No doubt there have been many other
medical operations of similar dimensions
through the year. What do they all tell us?

We are going through, as the Chinese
say, interesting times. We have a dramatically
re-cast Defence Health Service, joint and, at
the strategic and management level, inte-
grated. It is much flatter and smaller at the
top than it was. We have a senior manage-
ment Board consisting largely of Reservists. —
These changes have not been without pain
and disruption, some of which is likely to
continue, although hopefully lessen as we all
adapt to the new arrangements.

At the end of the day, however, the ex-
amples of medical operations cited above
demonstrate, firstly, what we are all about,
and, secondly, how well we are able to re-
spond and perform in difficult circumstances.
It is these efforts by which we will be judged,
both by our patients and, more importantly,
by our leaders. It is these tasks at which we
must not fail, because failure will bring well-
deserved opprobrium, and lead inevitably to
questions of our worth to the ADF.

So our overriding task is to ensure we
are well trained and well prepared for the
provision of operational health care in all the
environments in which we work. We must all
work towards achieving these continuing
aims in the new Defence Health Service. It is
a challenge that faces us all, Permanent, Re-
serve and civilian. We must not fail.

The Editor and his Team wish all our
readers a safe and happy Christinas and New
Year.
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President 5 Message
Nader Abou-Seif

As I write this, another year is approaching
its end. Looking back at 1998, I see the asso-
ciation undergoing a period of consolidation.
The results and recommendations of last
year’s membership survey have been di-
gested, and the issues raised have been ad-
dressed, or are in the process of being acted
upon. Our membership numbers are stable
and our financial position is healthy.

AMMA has continued to be a focus for
the exchange of ideas and fellowship within
the Military Medicine community. As this
years conference has shown, the quality,
skills and experiences of our members re-
main extremely high. This years meeting has
again been of the highest standard and has
provided a great opportunity to share with
our colleagues. I hope that next years meet-
ing in Adelaide will provide more of our mem-
bership the opportunity to be a part of this
important gathering.

What does 1999 have in store for the
association? Council is aiming to increase our
membership and to continue to encourage
active involvement in a broad range of activi-
ties such as regional meetings, a growing
journal and a more developed presence on
the Internet. AMMA will continue to support
research through our annual grant and to
encourage access to all our resources. Our li-
brary is currently under-utilised, but is avail-
able to provide a resource to all our members.
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In the last seven years, AMMA has
grown from humble roots to a major part of
the wider Australian Military Medicine Com-
munity. I hope that in the next few years, we
may be involved in continued growth and
participation in the development of post-
graduate training in Military Medicine. I think
that the time is right for a progression into
this area, and that AMMA is well placed to be
involved in the achievement of this goal.

As we look back at a year that has seen
our members involved in the planning, de-
ployment and provision of health services of
the highest standard, both in Australian and
Overseas, we can once again see the capa-
bilities of our community. We can look for-
ward to the last two years of this century,
knowing that a committed and capable group
will face the next century. This year’s
changes, which have been the object of un-
certainty by many, have not affected the en-
thusiasm of our membership for their inter-
ests in the practice, history and future of
military medicine.

Here is to a New Year that, with your
help, will be our best yet. I hope the coming
season will be a joyful and safe one for you
and that next year will be a happy and pro-
ductive one for all of us.

Note: 1999 Conference dates have
changed and are now 8-10 October, in Ade-
laide.
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‘Weary’ Dunlop Paper

The biodynamic and physiological implications of
supermanoeuvrable flight'

D.G. Newman®

Abstract

Fighter aircraft are by design highly agile and manoeuvrable weapon platforms. A high degree
of agility is essential in the three-dimensional environment of air combat manoeuvring (ACM).
Supermanoeuvrability (SM) is the term used to describe the ability of a fighter aircraft to ex-
ploit more of its flight envelope through advanced aerodynamic features, including thrust vec-
toring and advanced flight control systems. SM allows the aircraft to operate effectively at
much lower airspeeds, well into the post-stall region of the flight envelope, and to manoeuvre
at high angles of attack with full control authority. After examining SM aerodynamics, flight
test results and the performance characteristics of current SM aircraft, the paper will then
centre on the biodynamic and physiological implications of human exposure to the SM flight
environment. SM aircraft will operate in a much more complex acceleration environment than
ever before. Exposure of the human occupant of such an aircraft to this environment raises se-
rious questions in terms of the potential for spatial disorientation, the performance require-
ments of assisted escape systems and tolerance of the cardiovascular system and cervical
spine to complex G loads.

“A big aerial barge is too clumsy for fighting. Agility is needed.”
- Baron Manfred von Richthofen'

thus holds the key to success in modern air
combat.

Modern fighter aircraft are much more
manoeuvrable than their predecessors. Im-
provements to materials technology and flight
control systems have produced new fighter
aircraft that demonstrate what have become
known as “supermanceuvrable” capabilities.
Supermanoeuvrability (SM) is the term used
to describe the ability of a fighter aircraft to
exploit more of its flight envelope through ad-
vanced aerodynamic features.2:34 It repre-
sents a quantum leap in fighter aircraft tech-
nology, and is destined for incorporation into
the next generation of combat fighter aircraft.
As an aerodynamic concept, SM allows the
aircraft to operate effectively at much lower
airspeeds, well into the post-stall region of the
flight envelope, and to manoeuvre at high an-

Fighter aircraft are designed to be agile and
manoeuvrable weapons platforms. A high de-
gree of manoeuvrability is essential in the
three-dimensional, highly fluid environment
of air combat manoeuvring (ACM), in order to
achieve and maintain an offensive position
relative to the target aircraft. In general
terms, the generation of an optimal firing so-
lution requires that the nose of the aircraft be
pointed at the target. In the one-versus-one
situation, the more agile fighter will be able to
achieve such a position first, thus being able
to take the initiative, control the development
of the engagement and effect a valid shot at
the opponent first. With the development of
advanced all-aspect air-to-air missiles, the
need to obtain a first-shot firing position has
become even more critical. Manoeuvrability

! Newman DG. The biodynamic and physiological implications of supermanocuvrable flight. Aust Mil Med 1998. 7(3):3-10
Address for Correspondence: Squadron Leader David G. Newman, Chief Instructor, RAAF Institute of Aviation Medicine,
RAAF Base Edinburgh, South Australia 5111, AUSTRALIA. Telephone: (08) 8393-3166. E-mail:
davidgnewman(@msn.com.au

z David G. Newman, MB BS, DAvMed, MRAeS. SQNLDR David G. Newman is the Chief Instructor at the RAAF Institute
of Aviation Medicine. He has flown in a variety of fighter aircraft during his military career, including the F/A-18 Homet, the
Hawk T.1A and the Harrier T.10. He is a member of the International Society for Gravitational Physiology and the New
York Academy of Sciences, and is currently completing his PhD in Physiology at the University of Newcastle.
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gles of attack (AOA) with full control author-
ity. SM thus significantly expands the useful
portion of the fighter aircraft’s operating en-
velope, making it a far more formidable air-
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Figure 1. V-n diagram of generic fighter aircraft. Vimin

= stall speed, Vc = corner speed, Vne = limit
or never-exceed speed (Adapted from Shaw
RL. Fighter combat: tactics and manoeuvring.
Annapolis: Naval Institute Press; 1985)

borne weapons platform than ever before.

As a result of their extreme degree of
agility, these aircraft operate in a particularly
complex acceleration environment. This envi-
ronment is now not limited to the Gz axis, as
is largely the case with current fighter air-
craft. Previously unheard of accelerations in
the Gx (front-to-back) and Gy (lateral) axes
can be generated by SM fighter aircraft,
which reflects their unorthodox manoeuvring
abilities. Exposure of the human occupant of
such an aircraft to this environment raises
serious questions in terms of the potential for
spatial disorientation, the performance re-
quirements of assisted escape systems and
tolerance of the cardiovascular system and
cervical spine to complex G loads.

This paper will examine the aerody-
namic concept of SM before addressing the
significant biodynamic and physiological im-
plications of human exposure to the SM flight
environment.

The Concept of Supermanoeuvrability

Early fighter aircraft were limited in their ef-
fectiveness by engine performance, structural
strength and the weapons that they carried.
These aircraft had relatively poor perform-
ance envelopes, particularly in terms of
turning ability. Their main armaments were
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guns, and in order to shoot their opponent
they were forced to manoeuvre their aircraft
into the rear quarter of the target aircraft. A
circular chase would then develop, with both
aircraft attempting to achieve this rear posi-
tion first and maintain it long enough to fire
effectively on their opponent. Traditional ACM
tactics have consistently been based on this
need to get behind the enemy aircraft in order
to shoot.1,5

The advent of the jet fighter and the
introduction of the air-to-air missile changed
the nature of air combat. The jet-powered
fighter of today is a very capable aircraft. It is
immensely strong, incredibly powerful and
agile. It exploits modern materials technology
and is designed in accordance with relaxed
stability criteria. It can carry a multitude of
weapons, and in the case of the multi-role
F/A-18 can be loaded with both air-to-air and
air-to-ground weapons.

Air-to-air missiles have a Weapon Em-
ployment Zone (WEZ) much larger than that
of the gun. WEZ refers to the area around a
target aircraft that will result in a high prob-
ability of success for a missile fired within
that zone. A missile fired outside its WEZ has
a low probability of achieving a kill solution.
The size of the WEZ varies between different
types of air-to-air missiles, depending on the
missile’s on-board avionics, propulsion and
guidance systems, fuel load and turning abil-
ity. The larger the WEZ, the greater the area
and number of options that are available to
the offensive aircraft for a missile shot. In or-
der to win an air-to-air engagement, the of-
fensive aircraft has only to manoeuvre in
such a way that the target aircraft falls into
the WEZ for the particular missile that is be-
ing carried at the time. This position may not
necessarily be directly behind the target. In-
deed, with the development of advanced all-
aspect air-to-air missiles combining high
turning performance with high off-boresight
capability, the requirement to position one's
aircraft to the rear of the opponent in order to
fire a shot has diminished to a significant ex-
tent. Successful shots can now be taken with
the opponent aircraft approaching head-on or
at off-boresight angles of up to 90°.

The dominant principle in modern air
combat is that of “first look, first shoot, first
kill.” This principle has driven the develop-
ment of increasingly powerful and capable
airborne radar systems and air-to-air mis-
siles. An aircraft with SM characteristics is in
a better position to achieve first look, first
shoot, and first kill than a less agile oppo-
nent. In order to get the first shot off, SM al-
lows the fighter aircraft to bring the opponent
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aircraft more quickly into the WEZ of the de-
sired weapon. In addition, SM may arguably
be of use in a defensive scenario, by allowing
the aircraft to evade an incoming all-aspect
missile (ie by driving the missile to gimbal
lock). The increasing potency of modern air-
to-air missiles and the increasing complexity
of the modern aerial battlefield makes SM an
important addition to the manoeuvring in-
ventory of the fighter pilot.

A certain level of manoeuvring is, of
course, still required in the air combat envi-
ronment, particularly during a close-quarters
within visual range engagement. With con-
ventional fighter aircraft, heavy manoeuvring
at high G loads bleeds off air speed, and the
aircraft subsequently approaches minimum
flying speed, Vmin. One way to offset this is to
provide more engine thrust, but there is still
only a finite amount of thrust available from a
given powerplant. Below Vmin, the aircraft
stalls due to lack of effective lift and aerody-
namic control. Vmin thus becomes an impor-
tant limiting factor in manoceuvring flight.
Figure 1 is a typical V-n diagram for a generic
fighter aircraft, which plots load factor versus
airspeed. The stall speed (or Vmin) is clearly
shown. Conventional fighters cannot operate
in the region to the left of this limit.!

Nose-pointing ability, particularly dur-
ing tracking of the opponent for a guns-kill,
requires the ability to rapidly pitch the nose
up at the target. Such a manoeuvre will gen-
erate a high AOA relative to the aircraft’s ve-
locity vector. AOA is the angle formed be-
tween the chord line of the wing and the ve-
locity vector of the aircraft, and is expressed
as units or degrees of alpha or AOA.14 At
high AOA, the aircraft’s energy state rapidly
decays as airspeed is bled off. The limiting lift
speed is approached, and if the manoeuvre is
maintained, the aircraft will stall and lose
aerodynamic control in all three primary
axes. The control surfaces (elevators, ailerons,
and rudders) become ineffective due to the
presence of low-energy airflow and wake shed
from the wings and forward fuselage. Aircraft
such as the F/A-18 can generate relatively
large AOAs (in the order of 35°) but at the ex-
pense of some controllability and agility.

SM can be defined as full control
authority at high AOA in the post-stall region
of the manoeuvring envelope (see Fig 1). As
such, the SM fighter can operate safely with
full control at airspeeds and AOAs that are
denied to a conventional aircraft. At low air-
speeds and high AOA, the SM aircraft can
point its nose at the target and rapidly
achieve a satisfactory firing solution. The SM
aircraft has the ability to effectively roll

around its velocity vector at high AOA, and
point the nose in the desired direction. Addi-
tionally, this high pitch rate capability and
nose authority allow the aircraft to continu-
ously track the opponent aircraft despite any
defensive manoeuvring the latter may em-
ploy. In tactical terms, constantly threatening
the target aircraft (by exploiting the SM air-
craft’s nose-pointing ability) will be inherently
intimidating. Furthermore, conventional clues
as to an opponent’s energy state will be de-
nied to the target aircraft, as aspect, AOA and
nose position will no longer have the same
meaning.l4

SM is achieved by designing an aircraft
according to extremely relaxed stability crite-
ria.* The inherently unstable airframe is able
to fly in a controlled fashion only through the
use of sophisticated digital flight control sys-
tems (FCS) with high-speed processing capa-
bility. The flight control systems provide a
digital interface between the pilot and the air-
craft’s control surfaces, and are heavily de-
pendent on the quality and sensitivity of the
control laws written and incorporated into the
flight control computers. The performance of
the aircraft can be significantly altered or en-
hanced by modifications to these control
laws. Indeed, flaws in the software can result
in the loss of the aircraft, as occurred with
one of the prototype SAAB JAS39 Gripen air-
craft, which departed controlled flight at an
airshow forcing the pilot to eject. Thrust vec-
toring control (TVC) systems and advanced
aerodynamic features (such as powered ca-
nard foreplanes) provide the appropriate
control authority in all regions of the flight
envelope.

TVC allows flight at very low Vmin val-
ues. In the case of the British Aero-
space/McDonnell Douglas Harrier jet, TVC
allows a Vmin of O knots of forward airspeed to
be achieved in the hover mode of vertical
flight. In addition, this V/STOL jet is capable
of vectoring in forward flight by rotating the
engine nozzles fully forward. This can pro-
duce rapid decelerations in the Gx axis, with
a relatively rapid transition therefore between
conventional forward flight and vertical flight.
This has considerable potential for tactical
advantage, particularly against a less agile
aircraft, as it forces the other aircraft to over-
shoot and instantly become defensive rather
than offensive.1,5

The Harrier’s TVC system is mounted
mid-fuselage, and as such does not allow it to
achieve or sustain a particularly high AOA.
Positioning the TVC aft of the engine nozzles
allows the jet efflux to be deflected, which will
produce a high pitch moment relative to the
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aircraft’s velocity vector. Given enough engine
thrust, the aircraft can achieve and maintain
a high AOA, effectively using the thrust as an
aerodynamic contral force.# In this way, the
SM aircraft can operate beyond the stall bar-
rier at previously unimaginable AOAs with no
loss of control authority.

Current Supermanoeuvrable Aircraft

A number of experimental aircraft have been
designed, built and test flown in order to in-
vestigate the supermanoceuvrability concept.
Perhaps the best known of these is the Rock-
well/MBB X-31 program. This aircraft first
flew on October 11, 1990, and flew with
thrust vectoring paddles on February 14,
1991.256 The single-engined X-31 has a
cranked delta wing with powered canard
foreplanes and a fly-by-wire flight control
system. The three thrust vectoring paddles
can deflect the jet exhaust by up to 10°.2.56,78
It has achieved an AOA of 70° during ACM, as
well as demonstrating full post-stall control-
lability.2 It became the first aircraft to execute
a minimal-radius 180° turn.6

Several existing fighter aircraft have
been modified as part of various SM technol-
ogy flight test programs. These programs are
the F-16 AFTI (Advanced Fighter Technology
Integration),®-10 the F-16 MATV (Multi-Axis
Thrust Vectoring),® the F-15 STOL/MTD
(Short Takeoff and Landing/Manoeuvre
Technology Demonstrator),!! the F-15B
ACTIVE (Advanced Control Technology for
Integrated Vehicles)!! and NASA’s F/A-18
HARV (High Alpha Research Vehicle). All of
these programs are aimed at investigating the
characteristics of advanced thrust vectoring
and high AOA capabilities. AOAs of 70° and
beyond have been achieved, with the aircraft
remaining fully controllable.2

The Russian-designed Sukhoi Su-37
Super Flanker is an extremely manoeuvrable
aircraft, which ably demonstrated its capa-
bilities at the 1996 Farnborough airshow. It
was first flown on April 2, 1996 under the
code “Project 711.” This formidable fighter
aircraft has canard foreplanes, thrust vec-
toring via fully steerable engine mnozzles
(maximum deflection of + 15° at 30°s-!) and a
quadruplex digital fly-by-wire active flight
control system.36:8,12,13,14 Presently the noz-
zles are steerable in pitch only, but vectoring
in yaw is being considered.

Manoeuvres

The Su-37 has demonstrated a number of
manoeuvres that characterise the perform-
ance of a SM fighter aircraft. The “Cobra” and
“Super Cobra” manoeuvres involve rapid

Australian Military Medicine

pitch up to a high AOA while the aircraft con-
tinues on a horizontal forward flightpath. The
high AOA is maintained (greater than 130° in
the case of the Super Cobra - in this configu-
ration the aircraft is effectively flying back-
wards) for several seconds as airspeed decays
rapidly, before the TVC is used to pitch the
nose forward to allow recovery. Very little al-
titude change occurs with these manoeu-
vers.3,13

The “Kulbit” manoeuvre is essentially a
backward somersault through 360° using
thrust vectoring for rapid pitch rotation,
again with very little change in altitude. Dur-
ing the manceuvre the aircraft continues to
fly along its forward flight path. Effectively a
vertical loop has been completed in little more
than the length of the aircraft.? A variation on
this manoeuvre is the “bell turn,” in which a
Cobra-style rapid pitch up is used to generate
a high AOA (approximately 90°) that is main-
tained until forward airspeed is effectively
zero. Thrust vectoring is then used to rotate
the aircraft backward about its tail, with a
subsequent roll to normal flight from the re-
covery dive. This manoeuvre is effectively a
minimal-radius 180° reversal. Another vari-
ant of this minimal-radius 180° reversal is
the “J turn,” in which the aircraft pitches up
to approximately 50-55°, then rolls rapidly
about 160° around the velocity vector to ulti-
mately roll out heading in the opposite direc-
tion. This particular manoeuvre is also called
the “Herbst Manoeuvre,” after Dr Wolfgang B.
Herbst, one of the initiators of the X-31 pro-
gram,.2:3.13

The “helicopter turn” involves the air-
craft, in a low-speed, high-AOA state, de-
scending rapidly while turning at a high rate
around the horizon. The aircraft’s velocity
vector is essentially pointed down, with the
aircraft rotating around it. Using this ma-
noeuvre the aircraft can lose height quickly
while still tracking the opponent aircraft.2:2

The F-16 AFTI technology demonstrator
aircraft was unique in that it was capable of
two additional manoeuvring parameters: di-
rect side force and direct lift, by exploiting
advanced integrated aerodynamic control
technologies (including decoupled rudders).
Direct side force allowed the AFTI pilot to lat-
erally translate the aircraft at up to + 2 Gy
with no corresponding pitch or roll change. To
an observer watching the manoeuvre, the air-
craft would appear to suddenly move side-
ways while maintaining the original attitude.
Similarly, the aircraft had the capacity for di-
rect lift, allowing it to climb during forward
flight with no change in aircraft attitude
(much like the Harrier).9:15
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