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This Menmo contains the witten text of the conference held by
Dott. Ing. Ernesto Valtorta at CFTE i n Decenber 1996.

1. I NTRODUCTI ON

In the years 60’s when | was a student, the sinulator was a very
big machine wth a big and conpl ex conputer.

The conputer was analog-digital and it was possible to eval uate
the flying characteristics in |inear range only.

The simulation of stall and spin behaviour was considered
i npossi ble mainly because a wi nd tunnel test nethodol ogy was not
avai l abl e, nor were known the criteria required to determ ne the
aerodynam c coefficients necessary to represent the high angle
of attack characteristics and to build a mat hemati cal nodel.

A standard mat hematical nodel was not considered representative
of phenonena |ike wing rock, stall, spin and autorotation.

The investigation of spin characteristics was then perforned
with sonme enpirical criteria and with a dynamcally scaled free
flight nodel in a vertical w nd tunnel. Fromthis test it was
practically i mpossi bl e to i nvestigate t he spin entry
characteristics; only the devel oped spin node and the recovery
characteristics from devel oped spin were obtained.

The estimated characteristics of the devel oped spin and recovery
on several occasions were not fully representative of the
ai rpl ane behaviour and it was usual to nodify the nodel wth
sonme asymretry in order to obtain the airplane characteristics.
When | started ny career in Aviation (1970), the high angle of
attack characteristics were not considered very inportant. In
several cases it was necessary to perform additional flight
tests with trainers and fighters after several spin flight
accidents. Due to lack of confidence many a prototypes were | ost
during flight tests at high angle of attack.

The criteria connected with the devel opnent and sizing of the
energency recovery systens was not adequate in helping with the
recovery fromfully devel oped spin.

Some conpani es did not consider it essential to investigate w nd
tunnel stall angle of attack with transport airplanes because a
stick pusher was install ed.

When ny university professor showed ne the flying simulator, I
was very interested and | tried to wunderstand how it was
possible to prepare the mathenmatical nodel and to perform the
sinmulation at six degrees of freedom.

| started thinking that performng the evaluation, only in the
|l ow angle of attack region with such a big nachine, was a
relatively poor task.

From 1970 to 1971 | was in charge as a teacher at the Italian
Air Force Acadeny in Pozzuoli (Naples).

During my stay wth the Air Force | had to do with several
pilots and it was possible for ne to know nore about flying
characteristics at |ow and high angle of attack of the airplanes
used by the Italian Ar Force.
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| was surprised that the airplanes used by the Acadeny students
for basic training could not perform a spin because this was
consi dered a dangerous naneuver.

Soon after | started to be trained as private pilot and |
realized that quite a few general aviation airplanes were only
seldom spin tested and sone of them could not offer a safe
recovery.

In one flying school | was unable to be trained in the spin
rotation because the instructor did not agree to perform this
maneuver .

The experience with the Air Force was very interesting because

ny relationship with a nunber of pilots is still open and during
my career it was possible to exchange ideas and acquire
practi ce.

In 1971 | started ny collaboration with Aermacchi and | found a
totally different situation. Every project created in this
conpany was eval uated at high angle of attack too. In addition,
in the conpany wind tunnel a particular device was installed
whi ch could sinmulate the stable spin characteristics and neasure
the aerodynami c coefficients during spin rotation. This device
is now called a rotary bal ance.

| gained confidence with analyzing rotary bal ance data. In the
nmeantine it was possible to wite a FORTRAN program capabl e of
performng a six degrees freedom sinulation, thanks to a new
generation of conputers.

Aermacchi was in charge with the performance of the rotary
bal ance tests on several airplanes and configurations, including
transport airplanes, like the G 222 and a new generation
supersonic fighter, the MRCA Panavia PA 200 Tornado. We thus
started to be famliar with aerodynam c data at high angle of
attack in very different airplane configurations.

It was possible for ne to evaluate not only wi nd tunnel tests,
but also flight test results and in 1975 | was able to prepare
an aerodynam c data set and to carry out a sinulation of spin
entry, devel oped spin and recovery of an Aermacchi jet trainer.
The simulation results were very close to flight test results
and we started to be nore and nore confident in the preparation
of a mathematical nodel and in performng wind tunnel tests.
Since 1975 the wind tunnel test result analyses in Aernmacchi
have been based on the estimation of spin equilibriumconditions
and on the evaluation of control effectiveness for the recovery
fromspin equilibriumconditions.

Always in 1975 we started to evaluate the notion of the airplane
during the conpl ete maneuver

In my opinion it was easy to be successful in performng six DOF
sinmulations at high angle of attack, mainly on account of the
good accuracy of wi nd tunnel data. The accuracy of aerodynam c
coefficients was above all possible in consideration of the
suspension of the wnd tunnel nodel which does not entai
significant interference problens.

The w de experience acquired in performng wind tunnel tests
with a static and rotary balance enabled us to evaluate the
reliability of the results wth a remarkable degree of
famliarity and to conplete wind tunnel test prograns in a
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position to identify the nost inportant coefficients and to
prepare the data base for the conplete sinmulations.

Moreover, we started to perform flow visualizations at high
angle of attack and to correlate the flow characteristics with
the value of the aerodynam c coefficients.

It was very interesting to discover that it was possible to
sinmulate wing rock and wng drop phenonena, spin entry,
devel oped spin and recovery w thout particul ar problens.

In 1978 we started to collaborate with SAAB. Mrcel Dassault
specialists analyzed the possibility to test with rotary bal ance
and in 1979 Ceneral Dynamcs asked ne to test F-16 nodels at
hi gh al pha.

In 1979 | visited the United States for the first tine and |
started to exchange data on high angle of attack with U S A
speci al i sts.

In 1980 | wvisited Prof. Barlow and Mark Tishler at the
University of Maryland and we discussed the criteria connected
with the use of rotary bal ance data.

| was confident that we were very well prepared in carrying out
high angle of attack evaluations and we were able to offer
conplete static and rotary balance wind tunnel tests and the
sinmul ati on of a spin behaviour.

Always in 1980 | collaborated with SAAB (B3LA and Viggen
prograns), PIAGA O (P 180), CATIC (K-8), and CAE HARI (general
avi ation nodel s).

| was involved in the AMX program a ground-attack fighter
devel oped by Alenia and Aermacchi (ltaly) and Enbraer (Brasil)
t oget her.

In this programit was possible to performa conplete work, and
thanks to the Italian Air Force that allowed ne to be trained on
the MRCA sinmulator, | was able to install the mathematical high
angle of attack nodel in a sinulator. Besides, for the first
time in ltaly, it was possible to offer a flying sinmulator able
to sinulate the airplane in the conplete flight envel ope wi thout
limtations to a flight test pilot.

The simulations were <carried out wth an Alenia flying
si mul at or .

The work was not easy because it was necessary to perform the
val i dation of the system at high angle of attack.

The standard sinmulator was not designed for high alpha
sinmulations. The solution of an equation of nmotion in a
sinmulator is equally obtained with a very sinple al gorithm which
is not the best in case of high alpha notion. It is easy to find
probl ens t hrough high al pha or 90 degrees attitude.

The nost common problemis that the visual systemis not working
properly and in a nunber of cases it is possible to find sone
di vergent phenonena due to |lack of aerodynam c data at al pha
greater than 90 degrees. In sone cases it is not easy even to
identify these divergent phenonena and it is possible to be
m st aken and consider this like a |loss of control situation.

The performance of such a job involves several specialists and
pilots. The flying sinmulator too is quite expensive to run and
it is possible to carry out this job only if you have a
remar kabl e budget and if a sinmulator is already avail abl e.
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In the sane period | spent sone tinme in developing relatively
i nexpensive simulation tools, however in a position to give the
sanme results as with a big sinulator.

In 1974, when | started to carry out spin simulations with a
FORTRAN program quite a few hours of calculations were required
to sinulate 30 sec. maneuver. Now, a simlar programrunning in
Wndows 95 anmbient and witten in C++ |anguage can perform a
simulation in quasi real time. Wth this programit is possible
to analyze the low and high angle of attack behaviour in a
conpl ete manner and the cost is nuch | ower.

The nethod of performing the wind tunnel tests, inplenenting the
data base and the mathematical nodel in the simulator and
carrying out the simulations seens adequate and able to offer
val uabl e neans in order to predict spin behaviour.

| spent sone tine too in developing radio-controlled nodels in
order to have sonme tools, to be equivalent or better than
vertical w nd tunnel.

In the vertical wind tunnel the dinmension of the nodel is
limted due to the tunnel dinmensions, the section available
being generally 4 m (dianeter of the section) and it is not
possible to test a nodel with a wing span exceeding 1 m

Wth radio-controlled nodels we do not have limtations. The
cost of radio controlled nodels can be simlar to the cost of
standard vertical wind tunnel nodels and the cost of a test
canpai gn can be much | ower.

This approach is very helpful minly for propeller-driven
general aviation airplanes because it is relatively easy to
build a dynamically scaled nodel and to fly it like a radio
control |l ed nodel

The experience gained with this approach shows that the criteria
are very powerful and they enable good data at |ow cost. This is
very inportant for general aviation and it allows an approach to
flight tests with safety.

2. THE PREDI CTI ON OF TEST TECHNI QUES OF HI GH AQA,
STALL AND SPI N CHARACTERI STI CS.

The criteria which are generally used for the study of high ACA
behavi our are the follow ng:

* Analysis of Paraneters

It consists of the geonetric evaluation of sone val ues which are
considered of fundanental inportance to determ ne high AQCA
danpi ng characteristics and flight control effectiveness.

The nost common are the TDPF (Tail Danpi ng Power Factor) and the
URVC (Unshi el ded Rudder Vol unme Coefficient).

These criteria were normally applied during the plan initial
phase, when no wi nd tunnel data were avail able. They served the
pur pose of giving dinensions only in principle and in sonme cases
they were absolutely unreliable as for the anticipation of the
actual aircraft behaviour. These criteria were generally used as
reference for stability and control surface di nensions,
especially for checking general aviation aircraft.
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Each designer follows his own criteria for surface dinensions in
principle. These same criteria are often based on the above
paranmeters or simlar criteria as jointly devel oped by a project
t eam

Years ago these nethods were often the only ones followed for
prelimnary tests of spin behaviour and unfortunately vertica
wind tunnel tests were carried out only after a nunber of
ai rplanes (and pilots) were lost during a spin naneuver.

« Vertical Wnd Tunnel Tests

The vertical wi nd tunnel tests were the only standard criterion
for the study of spin behaviour until a few years ago.

The nodel is to be built on a geonetric and dynamic scale. It is
thrown into the wind flow according to different attitudes and a
pre-set control deflection. The behaviour characteristics are
qualitatively anal yzed.

Once the nodel evolution was photographed in sequence, thus
enabling the evaluation of the typical spin attitudes, the tine
per turn and, considering the vertical wind speed, the falling
speed.

The spin recovery perfornmances were evaluated throwi ng a node
into a spin attitude with the flight controls selected for spin
attitude recovery and taking into account the nunmber of turns
which are required for recovery.

The behaviour evaluation at high altitude was carried out by
i ncreasing the nodel weight and inertial nonments, on the basis
of air density. In order to simulate a high altitude behaviour,
it is necessary to increase the nodel weight. In sonme cases two
nodels would be required in order to perform a conplete
behavi our evaluation at different altitudes.

The nodel behaviour can be filmed and rather accurate tine
hi stori es can be obtai ned by anal yzing these fil ns.

The nodel can be equipped with radio controls: in this way
flight check maneuvers can be carried out during the tests.
During these tests an anti-spin parachute can be dinensioned as
for cable I ength and drag area.

The tests to be made in the vertical wind tunnel are essentially
quality tests since the nodel is manually thrown on the right
and on the left, according to different attitudes and rotation
speeds.

It is rather inportant to be present during the tests and be
able to personally evaluate the behavi our characteristics or, at
any rate, analyze the results if in possession of the tests
film thus becom ng aware of what can happen.

This analysis is inportant since it will be possible through it
to better evaluate the flight test results as and when required
and to becone famliar with the procedure.

During these tests the Reynolds nunbers cannot be changed since
the wind speed is to be the sane as the airplane descent speed,
and the aircraft scal e depends on the wind tunnel dinensions.
General | y speaki ng, the Reynol ds nunbers are rather |ow.

The test results in a vertical wind tunnel are rather reliable
for high wing |load configurations, as is the case wth fighters,
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while they can be scarcely reliable with light aircraft. This
occurs due to the fact that AQOA behaviour is characterized by
mass effects and aerodynam c effects.

In the case of aerodynam c effects an inaccurate sinulation can
be negligible for mass effect configurations, while substanti al
differences can be found for those configurations where nass
effects are | ow

e Wnd Tunnel Tests with Static Bal ance

Stability and control characteristics are obtained from w nd
tunnel static balance tests. These tests can be carried out
being the nodel both in the angle of attack and yaw ranges
Usually an alpha range is as wde as 90° as regards an
eval uation for an AQA behavi our.

Some experinenters claimthey performtheir tests within an AOA
range of zero to 360 degrees. Beta values are often |imted to a
+30° range.

During these tests the nodel nust be supported so as to be
fastened to the wnd tunnel. The support dinensions and
positions for the nodel are to be such as not to alter
remar kably the aerodynamic field.

It is necessary to use several types of support to cover the
conpl ete AQA range.

Wthin high AOCA ranges the support entails interferences which
must be corrected. It is advisable to arrange the test so that
these interferences are reduced to the m ni num

Ch B dyn and LCDP values can be obtained fromthese tests. These
two paranmeters were nornally used to obtain high AQGA behavi our
eval uati ons, when nore accurate tests could not be carried out.
There are docunments illustrating how the values of these two
paraneters are connected with AOA behaviour. During static
bal ance tests, any wi nd speed can be selected and it is possible
to evaluate Reynolds effects.

Should a big wind tunnel be available, it would be possible to
use big nodels, thus performng tests at high Reynolds nunber
whi ch woul d give very simlar results to the aircraft val ues.

e Wnd Tunnel Tests with Rotary Bal ance

Systens with the purpose of obtaining rotary Dbal ance
nmeasurenments were devel oped many years ago; however they have
become rather wi despread only in the last few years as test
met hods. This delay is due to the fact that it was previously
rather difficult to obtain reliable and accurate results with a
rotary balance nodel. The problem has been overconme only
recently with the adoption of accurate neasurenents systens, as
wel | as data anal ysis conputers.

Additional difficulties were due to the lack of a nethodol ogy
enabling the adoption of these tests and their high cost.

Besides stability and control characteristics (to be checked
with the static balance tests), also onega rotation speed
danpi ng values can be obtained through the tests in question.
Wth these tests it is possible to work with an extra di nensi on,
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besides the alpha and beta common variables, a adinensional
rotation speed (wb/2V) can be taken into consideration.

Wth a rotary balance there are the sane problens as with a
static balance as regards nodel supports: here too it is
necessary to avoid interferences as nuch as possible, at the
sane tinme attaining the purpose of supporting the nodel in the
whol e ACA range without a remarkable alteration of aerodynam c
flows.

Tests can be perforned wth sufficiently high Reynolds nunbers
by increasing wind speed and by neans of big wi nd tunnels and
bi g nodel s.

It is inportant to choose the proper ?b/2V field and keep the
tests to the strict necessary in order to maintain both tinme and
costs to a mninmum and, at the sane tinme, obtain the required
data on behavi our sinulation.

The potential of these tests for the study of AOA behaviour is
very high. It is possible to obtain also remarkably accurate
danpi ng derivatives due to accelerations by performng the tests
with a nodel rotating around an axis which is not in line with
the wind drift.

e Wnd Tunnel Tests with Gscillating Bal ance

Stability and control characteristics, as well as nodel danping
characteristics can be obtained fromoscillating bal ance tests.
For behavi our evaluation purposes, static and rotary balance
results can be conpared.

Usually, | did not use the results of these tests since | did
not have high AOA data available and | could not becone so
famliar with the oscillating balance as | would have w shed.

Only recently (about 1985) | have had the opportunity of having
at hand rather reliable data and |I could thus nake significant
conpari sons.

Hysteresis areas can be well traced and stability and contro
data are rather reliable. The sane cannot be said about danping
characteristics which in sone cases gave very different results
as conpared with rotary balance data and less simlar as
conpared with the aircraft behaviour.

In any case | deem that having these data too is a positive
fact. In this way, it is possible to have a thorough cogni zance
of the behaviour.

In general we can assert that the high alpha spin attitude
includes a rotary notion and an oscillatory notion. The rotary
portion is represented by rotary balance tests and the
oscillatory portion can be obtained with oscillating balance
tests.

The main notion is the rotary one and a possible mstake with
oscillatory notion data does not ent ai | big behavi our
di screpanci es.
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* Flying Models

The tests with flying nodels, both propelled and not propelled,
are often perforned for high AOA behavi our studi es.
Theoretically these tests are nost effective because through the
nodel it is possible to carry out all the aircraft maneuvers,
eval uati ng possi bl e danger conditions.

Jet m croengi nes have been avail abl e since a nunber of years and
it is possible to sinulate very well the actual airplane through
t he nodel .

Several years ago the tests in question were perfornmed dropping
the nodel from an airplane or a helicopter. Sone conpani es have
used even captive pilot balloons.

As | read in Chinese docunents, even mssiles are used to take
the nodel to high altitude. This technique is quite satisfactory
with general aviation aircraft or with low wing |oad airplanes
since it is easy to make a nodel capable of taking off on its
own and carry out a conplete and i nexpensive test canpaign.

| often followed this analysis criterion and in sone cases we
accepted to fly dynamically out of proportion fighter nodels in
order to maintain a low wing load and easily fly the propelled
nodel .

In case of instrumented nodels it is possible to obtain all
dynam c derivatives through paraneter identification prograns,
as well as to obtain a mthematical nodel for a flight
si mul at or.

The reliability of these tests gave excellent results, even
better results than those obtained in vertical w nd tunnels
since it is possible to work with bigger scale nodels and all
entry maneuvers, which in a vertical wind tunnel are neglected,
can be simnul at ed.

Modern technology nmakes it possible to proceed wth a
mniaturized instrunentation and a nodel can be equipped with
instrunents at rather | ow costs.

Should we get a good shot of the tests, we wuld have a
qualified result as to the behaviour and in many cases this is
nore than sufficient for our scope. A good film gives
indications on the spin typical attitude, rotation speed, entry
control effects, during the spin mneuver and on recovery.
Mostly, this is nore than enough to face flight tests wth the
ut nost safety.

e Flow visualization

Fl ow vi sualization around high alpha aircraft is very useful in
order to becone aware of what occurs and to find the best
sol uti on when correcting possible incorrect behaviours.

An evaluation of the flow characteristics can be given wth
static, rotary or oscillating balance tests through the
installation of mni-tuft in the interested area or through
particular solutions with oil paintings.
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Also interesting are the visualizations which can be obtained in
a water tunnel. Wth these tests the sinmulation is excellent and
the areas connected with separated flows on high AOA aircraft
can be accurately evaluated. The nodel in a water tunnel can be
static or can be rotated. Both methods can be visualized.

2.1. FLYING QUALI TIES FOR H GH ACA

Wth new generation fighter aircraft it is possible to fly at
relatively high AOA, however it is not easy to guarantee a good
maneuverability at high ACA. In particular the turn performance

becomes very Ilow and the airplane becones practically
not i onl ess, as wel | as slow while maneuveri ng, even
| ongitudinally, due to dynamc |ow pressures associated wth
hi gh ACA. Under these conditions it is possible to have good

maneuver capabilities only when using a thrust vector.

If we have to establish high ACA flight requirenents, we could
start with the normal flying qualities ML requirenents and
derive them for high AOCA regions.

In particular, it is necessary to guarantee a good stability and
a control possibility to be adequate to the mssion to be
performed, avoiding to create undesired autorotation conditions.
Considering the fact that these are aerodynamc data, in the
prelimnary project phase, we should try to elimnate such
configurations which entail: strong longitudinal stability
changes on AQA changes (GCy essentially linear with alpha in the
whol e operating field), substantial changes to directional
stability (G, vs beta and G vs beta essentially correct) and a
positive effectiveness of flying controls.

In addition, it wll be necessary to ascertain that the
configuration is not inclined to autorotate in such a way as to
provoke control |oss. Control effectiveness, for the whol e al pha
field, is to reach such a level as to counteract asymetries due
to autorotation phenonmena and the autorotati on phenonena shoul d
be limted to a mninmm and be such as not to cause stable spin
conditions of the aircraft when controls are neutral.

This last condition should bring about safety conditions in case
of failure of the flight control system

Anmong the problens which are to be faced during the designing
phase there are those covering the flight controls which are to
be dinensioned to operate through the whole speed range and as
for the maxi mum required high ACA .

The standard nmethod to neet these requirenents is to obtain
variable gains. The controls deflection range attainable in
flight depends on flight speed. Up to a certain speed the pilot
isin a position to select full controls deflections. In case of
hi gher speeds, deflections are reduced in consideration of a
dynam c pressure | aw.

It is necessary to finalize a rather firmcriterion in order to
be able to recognize these conditions wthout making m stakes
since in case of speed sensor nalfunctioning - and this may
easily occur with high ACA maneuvers - the gain system could
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fail and the results would nmean non perfectly operating flight
controls.

This could be a reason for requiring a configuration capable of
recovery fromcontrol |oss conditions with neutral controls.

2. 2. DEMONSTRATI ON REQUI REMENTS OF STALL AND SPI N FLI GHT TEST

Stall requirenents generally cover a warning which nust have a
certain margin as conpared to stall speeds thenselves or the

speed entailing a control |1o0ss and the maxi mum w ng drop
al l owed by stall.

Only seldom do stall warnings occur naturally. Therefore,
usually it is necessary to adopt artificial systens, like the
“shaker” controlled by al pha or dynam c pressure sensors.

Wth general aviation aircraft | ess sophisticated and
i nexpensi ve systens are adopted, |i ke acoustic indications given
by depressure on the | eadi ng edge.

The stall wing drop can be easily contained within certain

limts through stall strips at wng root, with nose drop towards
the wing tip before the ailerons.
More difficult to be corrected by neans of small changes are the

pitch up phenonmena or in general | oss of control at stall due
to non controlled autorotation or lack of control effectiveness.
In case the stall appears dangerous, a system is to be

i ntroduced which pushes the stick forward, should the pilot
insist with the stall ( Stick Pusher).

As far as the spin is concerned, the requirenment is determ ned
since the design phase for a mlitary airplane, while well
settled tests are required for a civil airplane.

| personally believe that civil rules are to be considered as an
essential mninum while the behaviour is to be nore thoroughly
i nvestigated during flight tests.

Unfortunately it is enough to neet the rules in order to obtain
a certification and often the pilots who purchase the airplane
fly as test pilots without knowing it.

Two years ago | certified an airplane (SD 27) according to the
JAR-VLA new rules. Spin tests are not required, but | preferred
to carry them out experimenting up to 4 turns since | know that
several pilots consider it normal to perform spin maneuvers.

In order to certify an airplane according to FAR 23 rules, three
turns are required. In sone cases only three spin turns are
performed during a test flight.

In nost cases a spin is considered wholly devel oped after two
turns and the airplane can be considered safe. There are
configurations however where the spin is not conpletely
devel oped and recovery 1is possible when the naneuver is
performed after three turns. Should the spin naneuver be | onger,
the results would be doubtful or negative.

The sane consideration applies to aerobatic airplanes requiring
six turns. | deem it essential not to limt tests to the bare
necessary, thoroughly evaluating the aircraft behaviour and
ascertai nny what can occur after a |onger spin maneuver. In this
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case too it becones inportant to seriously carry out the tests,
thus avoiding difficulties for the operator.

In case of mlitary aircraft, it is necessary to consider
training aircraft and fighter aircraft separately.
For training aircraft the trend envisages civil requirenments

and, besides neeting the various MLs, also FAR and JAR rules
are to be net, at least as regards flight qualities.

To summarize: tests anticipate up to six turns for basic
configurations, up to three to four turns for configurations
with external | oads, one turn for take-off and |anding
configurations.

In the case of fighters the requirenent is nostly to prove a
recovery possibility from a devel oped spin and if it is so the
manuf acturer has two al ternatives:

a) to manufacture an airplane which cannot perform a spin and
test all possible maneuvers in the high AOA taken as limt
(carefree handling);

b) to manufacture an airplane capable of perform ng the spin and
then proceed with recovery without particular difficulties.

The first solution is the one adopted - it seens - for the F-16,
EF2000, Dassault Rafale, SAAB Gipen aircraft.

The second solution seens to have been adopted, at least in
principle, for aircraft such as the F-4 Phantom Mrage F1l, SAAB
Vi ggen, F-15, F-18, PA200 Tornado, AMX, M G 29, Sukhoi 27 and
derivatives.

Unfortunately, due to nmass and inertia characteristics, as well
as high wing load of a fighter, the tinme required for spin
recovery and the consequent altitude |osses may be remarkabl e
and al nost always even airplanes submtted to spin tests are
equi pped with systens limting the possibility of entry in a
devel oped spin.

In these last few years the concept of supermaneuverability has
been developed and a <certain amount of work has been
acconplished in order to obtain aerodynam ¢ configurations
capabl e of guaranteeing a maneuverability up to high AQA.

NASA activities on new configurations and on an F-18 aircraft
are well known and other exanples are given by the new Russian
fighters from M koyan and Sukhoi design bureaux.

If we anal yze the above configuration, it seens very positive to
have a good directional stability. In addition, t he
configurations with two vertical tails on fuselage sides are the
nost suitable to guarantee this requirenent.

We al so saw manufacture of STEALTH aircraft which seem to have
very little to do with agility and can fly thanks to an
artificial stability system

| am not in possession of sure data, however | think that these
aircraft encounter sone difficulties in recovering from spin
conditions and they belong to the first group of aircraft.

2. 3. PRE-FLI GHT PREPARATI ON

Duri ng a pr oj ect prelimnary phase, t he aer odynam c
configuration is evaluated on the base of previous experiences,
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calculation criteria, paraneter analysis, in order to offer good
characteristics both at | ow and hi gh AOA.

During a project devel opnent phase, wind tunnel tests and tests
with flying nodels are usually performed. On the bases of the
results thus obtained the aircraft characteristics can be
inproved so as to carry out flying tests with a sufficient
know edge about the envisaged behaviour.

In ny opinion this phase is very inportant since it enables
technicians and pilots to safely face flight tests and
t horoughly eval uate test results.

Unfortunately, due to difficulties regarding budget, tineg,
specific knowhow, it is not always possible to be conpletely
famliar wth the aircraft being tested and wth new
configurations there are always sone problens for whose sol ution
tests flights are to be perforned and this entails sone risks.
Studies and flight tests are different in case of civil or
mlitary aircraft, above all in connection w th budget problens.

Not many years ago | had to follow flight tests al nost
contenporarily both on AMX and Piaggio P 180 aircraft. Even
though the fighter configuration was very traditional, wnd
tunnel tests on it were quite conplete, while excellent tests on
static and rotary balances and tests with propeller sinulation
had been enough for the P 180 aircraft. These tests were by far
nore accurate as conpared to those perforned for aircraft of the
above class, since it was a three-surface aircraft with T tai
configuration which could have given pitch-up problens.

Early in my career | had the opportunity to know the costs of
high AOA tests perforned on two rather simlar fighters.
One fighter had been developed in the United States and the

other in Europe and | was surprised at the paranount cost
difference: about one third less in the case of the American
program

Let us analyze hereunder the nethodol ogies usually followed in
connection wth behaviour predictions.

2.3. 1. THEORETI CAL PREDI CTI ON

It is rather difficult to nake theoretical predictions about
hi gh AOA behaviour. In sonme instances it can be very risky to
try to solve everything through cal cul ati on net hodol ogi es. These
are always very sophisticated and probably it will be possible
to find a criterion accurately sinulating flows. At the nonent,
however, it seens that no substantial steps have been taken and
what can be obtained theoretically is suitable only for the
prelimnary project phase.

In order to develop accurate calculation systens, it should be
necessary to be in a position to carry out quite precise tests
and be able to turn test results into cal cul ations.

Leonardo da Vinci used to say that if you want to understand the
flow notion, take your experience first and then reason into
consi derati on.
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At present it does not seem to ne they have yet finalized a
nmet hodol ogy capable of translating in a conplete way such a
conpl ex phenonenon as high AQA flows around an airplane.
Theoretical predictions are often based on the experience of
simlar configurations as previously developed, on geonetrica
anal yses of control and stability surfaces (URVC, TDPF), and
they are reliable only as rough approximtion and on condition
that configurations are actually simlar.

This approach was fornerly used above all for general aviation
aircraft design, where, mainly for lack of funds, wnd tunne
tests were sel dom perf orned.

2.3. 2. TEST TECHNI QUES AND CRI TERI A TO ANALYZE THE TEST
RESULTS

As we said under Para 2, the test techniques usually followed
for high al pha behavi our study are:

- vertical wind tunnel tests

- static balance wind tunnel tests

- rotary balance wind tunnel tests

- oscillating balance wind tunnel tests

- tests with flying nodels

- flow visualization

According to ny experience, the tests with flying nodels are the
nost effective because they enable a conplete sinmulation of the
aircraft behaviour, and an evaluation of spin resistance and
stall behaviour, beside stabilized spin conditions, as well as
recovery characteristics.

Vertical wind tunnel tests are useful but they enable only an
eval uation of recovery and stabilized spin conditions.

Static, rotary or oscillating balance wind tunnel tests supply
aerodynam c coefficients and give the possibility to build the
aircraft mat hemat i cal nodel for t he per f or mance of
si mul ati ons. By neans of rotary balance tests it is possible
to obtain spin equilibrium conditions, where applicable, wth
few cal cul ati ons.

These tests are the nost inportant for high AOA study since
through them it is also possible to sinulate the stabilized
spin behaviour and to have aerodynanic data on the basis of
t he adi nensi onal rotation speed.

The flow visualizations serve above all the purpose of
investigating and better understandi ng possible behaviours and
finding out their origin.
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Wnd tunnel tests are to be conducted in such a way as to
obtain essential data wthout incurring high costs, nor
spending too nuch tinme. However, it is inportant to find the
right measure so as not to neglect aircraft safety.

When test results have been obtained through different
nmet hods, results are always to be conpared and evaluated. It
is rather easy to make m stakes and with high AOA it becones
difficult to see them

In particular:

- the danping characteristics evaluated on a rotary bal ance
nmust be at least simlar to those evaluated on an oscillating
bal ance;

- control and stability characteristics evaluated by neans of
the various nethods are to be simlar;

- the spin equilibrium conditions evaluated on the rotary
bal ance are to be simlar to those obtained in a vertical w nd
tunnel or with flying nodel s.

It is inportant to be sure of wind tunnel data. A further
check can be nade by performng behaviour sinulations and
verifying cross-reference with vertical wind tunnel tests or
flying nodel data, where avail abl e.

The ACA range to be evaluated in a wind tunnel can be limted
to +90 deg for cruise configurations and -15 deg/+45 deg for
take-off and landing configurations. Beta values can be
limted to 10 deg, 20 deg, depending on the aircraft
characteristics.

The wb/ 2V values for rotary balance tests are to be eval uated
on the basis of the maxi mum val ues envisaged for the aircraft
and evidenced by vertical wind tunnel tests or flying nodels.

The mat hematical nodel | usually adopt for simulation at high
AQA does not generally entail particular difficulties. It is
rather simlar to nodels usually operated for |low AOQA. The
only substantial difference is a ?b/2V variable which is here
encount ered besi des the usual al pha, beta, Mach vari abl es.

It is necessary to be famliar with high al pha aerodynamc
data and be aware of the various coefficients inpact on the
aircraft behaviour. This know edge facilitates remarkably the
job and enables to avoid wuseless difficulties for the
mat hemat i cal nodel s.

Due to the low dynam c pressures associated wth high al pha
evolution and due to the high inertia with new generation
fighter configurations, it occurs that 50 percent changes on
danping and stability coefficients do not alter the behaviour
effectively and therefore it is not necessary to nake the
mat hemat i cal nodel unnecessarily conplex to reflect the
changes of sone coefficients.
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2.3.3. GROUND BASE SI MULATOR

Wen we try to analyze a notion like a stall or a spin by
sinplified calculation criteria the results cannot be very
accurate and they can lead to gross m st akes.

According to our experience, the best way of evaluating a
behaviour is to perform behaviour sinulations by neans of
calculation progranms which solve six DOCF equations of
not i on. Such prograns are now available on small PCs and
t hey enable a quite conpl ete behavi our eval uation.

Predictions reliability is undoubtedly tied to the accuracy of
wind tunnel tests and to the results given by the various
coefficients covering the aircraft flight characteristics.
Qur experience leads us to rely on sinulation systens which
proved suitable to reflect even phenonena connected with high
AQA in a nore than satisfactory way.

Most work can be carried out at rather |ow costs by follow ng
sinmulation progranms operating on snmall PCs. In this way
costs can be limted to a mnimum and we can obtain a conplete
work. Sinmulations can be perfornmed starting from trimred
flight condi tions and eval uati ng spi n resi stance
characteristics and the nobst suitable mnmaneuvers for spin
entry. Alternatively we can start from prerotated spin initia
conditions, as done wth vertical wnd tunnel tests, and
eval uating recovery and stabilized spin characteristics.

It is possible to adopt energency system mathenmatical nodels
(anti-spin parachute), to check drag surface dinensions and

also to evaluate the behaviour, in case of recovery with a
depl oyed parachute. Effect of external stores, asymmetrica
| oads, all possible failure conditions can be eval uated

wi thout particular difficulties since in general they can
easily be translated on a sinmul ator.

Once the cal cul ation nodels have been verified, conmon flight
sinmulators can be used, where available, thus offering the
pilot the possibility of perform ng the behaviour evaluation

in real tinme. During the AM X devel opnent | could carry out
this job in a conplete way and the test pilot could perform
evaluations wth a flying sinmulator, even at hi gh AQA,

before the flight tests.
The foll ow ng work schedul e has been adopt ed:
- the maneuvers envisaged for each flight test were tested on
the sinulator by a pilot assisted by flight nechanics
techni cians and sinulator specialists;
- on the basis of sinmulation results, the system reliability
could be checked. It was then possible to proceed wth the
flight tests wth better famliarity and a good safety
st andar d.

Flight test results confirmed the representativeness of the
simul ati on evaluations and the correctness of the predictions
made.

| pointed out on purpose that sinulator flight tests were

carried out by the pilot assisted by flight nechanics
technicians and sinulator specialists. Actually, the flight
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sinmulator is only a big videogane with many limtations. It is
inmportant not to leave the range where the simulator can
operate correctly during the tests. It is also inportant to
accurately check the data banks and the mathenatical nodels,
as well as evaluate the system within the high AOCA and yaw
ranges whi ch are consi dered significant.

Should these limts be overconme during a sinmulation, the
results would no | onger be effective and they often would | ead
to strange aircraft behaviours which could be m sinterpreted.

The system evaluation for the high AOA work is not easy and
sonetimes even gross mstakes with data banks are difficult to
be detected. The risk is that the test pilot may evaluate an
aircraft nodel which is not very representative and draw w ong
conclusions. It is therefore inportant to ensure the presence
of the technicians who have to do with the data banks and the
simulator specialists in order to be able to tell the
behavi ours which are representative of the aircraft from those
due to the data msinterpretation or limtations typical of
t he sinul ator.

For this reason it is worth keeping the sinplest possible
aerodynam c data base, in order to be able to check data. It
is also advisable not to use conplex mathematical nodels that
can lead to mstakes which are difficult to be found, as well
as have a sound experience on high AOA behaviour, so as to be
able to detect incorrect behaviours which are the consequence
of m stakes as regards inertia and aerodynam c dat a.

W nust bear in mnd that the pilot, when using a sinmulator,
is led to perform enphasized nmaneuvers, and to keep spin
conditions for a very long time, which is not conpatible with
actual maneuvers during flight tests: that is why it is
difficult to remain within the limts of the nachine.

2.3. 4. COWPI LI NG METHOD OF TEST PLAN AND STALL AND SPI' N
TEST PROGRAM

Hi gh AOA test schedules and time predictions required for test
performances are nostly inaccurate since during tests we can
be faced wi th unexpected behaviours which require additional
wind tunnel studies or tests in order to safely conplete
flight tests.

Wth fighters in sone cases it is preferable to carry out a
test canpaign in two phases. The first phase would require
clean configuration tests, while the second phase would
envi sage armed and asymmetrical configurations.

The required tinmes can be very different according the
aircraft conplexity. However, nuch depends also on the
preparation before sinulation tests and above all on the
preparation of the staff responsible of the tests.

H gh ACA tests can usually be performed on a regular basis
only in a flight test center. Wth aircraft conpanies, tests
of this type are carried out every ten years or even nore
seldom and every tinme it is necessary to find experienced
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personnel, where still available, give instructions to this
personnel, becone famliar again with the different safety

systens, test them on the ground or in flight, equip the
ground station. Reliable staff may no |onger be avail able and
even anong managerial staff there may be none who foll owed
tests of this type in due tine. In this case it is necessary
to start practically from the beginning and even flight tests
require quite a lot of tine.

Also very inportant is the pilot preparation. It my occur,
that there are no aircraft available at the conpany suitable
for spin training and flight tests are faced on a new fighter
wi th a poor standard of training.

It is inportant for a pilot to feel confident about the job
he is doing and to participate to the test prelimnary stage.

It is paradoxical, but in nost cases the personnel attain a
sufficient preparation degree only after flight t est
conpl eti on.

It is quite desirable to have a w nd tunnel and a flying
nodel available during flight tests so as to be able to
perform the tests which would appear necessary to clarify
possi bl e results for not envisaged tests.

In general when predictions are correct, flight tests can be
conpleted within a very short tine.

In many cases during flight tests, it is not possible to
detect all spin maneuvers and the operational pilots may
succeed in discovering behaviours which had not been detected
before. This happens for different reasons: in the first

i nstance when the tests are perforned by neans of a prototype
airplane which 1is not conpletely representative of the
operating airplane; on other occasions the test program does
not envi sage certain maneuvers which are often carried out by
operational pilots. It is therefore desirable to arrange tests
with a joint pilot team so as to avoid partial evaluations.
O course the fact of having nore pilots testing an aircraft
extends the tinme required for the tests, but it guarantees
nore reliable and conplete results.

For a mlitary trainer all tests required to conplete flight
tests can be perforned within a year. For a fighter two years
are required: in general one year is necessary for wind tunne

and sinmul ator tests and anot her year for flight tests.

In the past | have carried out tests on a trainer in |ess than
four nmonths. Wnd tunnel tests were |imted only to static and
rotary bal ance tests and flight tests were perforned within a
little nore than two weeks with two flights per day. The tine
required for tests can increase considerably when the aircraft
is equipped with a newgeneration engine and therefore also
t he engi ne behaviour is to be eval uat ed.

For general aviation aircraft (SD 27) the tests were limted
to a radio-controlled nodel and all the tests were perforned
within l|less than two nonths, e.g. one nonth for nodel
manuf acture, two weeks for nodel tests and one week for
ai rplane flight tests.
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2.3.5. EMERGENCY RECOVERY DEVI CES PRESENTATI ON

An aircraft high AOA behaviour was considered difficult to be
predicted wth certainty. Therefore, systens capable of
guaranteeing a return to normal flight conditions, in case of
energency, were developed. The npbst conmon is the antispin
parachute installed in the aircraft tail, which can be opened
by the pilot and which is released after recovery from spin.
Al so rockets placed on wing tips or aircraft tail were used.

Recently, quite a nunber of studies about the possibility to
use rockets or alternatives to the parachute were conducted
since in order to guarantee spin recovery it is necessary to
install parachutes of remarkabl e di mensions which entail heavy
tail loads. WMreover their installation often requires a
rugged reinforcenent in the tail area.

Actually, a safety system in order to be considered as such

is to ensure recovery fromthe worst spin conditions and with
all flight controls deflected pro-spin. Should the pilot use
controls to obtain recovery, the system cannot be consi dered
an energency systembut only a flying control aid.

The criteria of dinensioning anti-spin parachutes used in the
past were very sinple and did not give good guarantees of

recovery above all in the case of aircraft with heavy w ng
| oad, apart from the airplane characteristics, and they were
based only on features |ike wi ng span, fuselage length, and
w ng | oad.

The parachute dinensioning can be easily carried out in a
vertical wnd tunnel, as well as with calculation systens. The
vertical w nd tunnel dinensioning seenms nore reliable since it
enables the evaluation of the aircraft wake effect and a good
conprom se with the purpose of determning the length of the
connecting cable to the airplane.

The parachute is still the nost used system since, once it has
been opened, it is capable of aligning along the wake and
suppl ying the necessary yaw effect which serves the purpose of
recovering fromspin wthout further interventions on the part
of the pilot.

The connecting cable length is to be such as to take the
parachute away from the aircraft wake and at the sanme tine it
should not be too long so as to enable the parachute to supply
a good yaw effect which is essential for spin recovery.

The parachute pitching nonent serves only the purpose of
recovery from deep stall conditions; for recovery from spin
conditions it is not strictly necessary.

The problens to be solved for the parachute installation are
aerodynam c. The installation should not alter significantly
the aircraft shape: big parachutes encunber considerable
volunes and it is not easy to find an area in the airplane
tail for their installation.
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These probl ens cover:

- structures, since the l|loads given by the parachute are
remar kabl e and often stronger than the tail structure. It is
nostly necessary to reinforce structure and to |imt the
flight speed,;

- systens, since it is necessary to guarantee the energency
system reliability by separated controls and ensure the
possibility, once the parachute is open and the airplane is
recovered from spin, to release the parachute as the |anding
becones dangerous, should the parachute renmain linked to the
ai r pl ane.

Personally, | have never used rockets as energency systens.
They are not nuch used since they are nuch nore expensive than
parachutes. In addition they require an automatism or the

pilot intervention who is to evaluate the spin direction and
operate the right rocket for spin recovery.

In case of control loss and during sonme nmneuvers, it is a
problem for the pilot to recognize the spin trend and probably
even an automatismin case of a very oscillatory spin may not
correctly operate.

Under other respects, rockets are nore desirable than
parachutes since they do not bring about strong |oads on the
structure (for spin recovery only the yaw nonent is required)
and they are |l ess encunbrant than parachutes.

Some aircraft conpanies prefer not to install the anti-spin
parachute since during sone maneuvers the cable could damage
the flight controls.

The present trend, in case of new configurations, is to always
install a parachute, even if nmany inprovenents have been
achi eved about the flight quality behavi our predictions.

Only at the end of the tests, it is necessary to renove the
energency system and verify the aircraft behaviour in the
operational configuration.

2.3.6. MODI FI CATI ONS TO BE | NTRODUCED I N THE Al RCRAFT

The changes to be introduced on an airplane which is to face
high alpha tests are different according to the aircraft
cl ass.

Mostly, for a general aviation aircraft, it can be enough to
envi sage a canopy rapid release systemto enable the pilot to
escape in case of an energency.

For certification purposes according to FAR 23 it is not
necessary to have instrunentations on board. In npbst cases it
is sufficient to install one or nore caneras enabling aerial
shot s.

Flight tests are followed via radio by the pilot or ground
technicians and possibly filmed from the ground or from a
chase airpl ane.

When sufficient wind tunnel or flying nodel tests have been
performed and the operator is confident about the estimted
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behaviour, the installation of an anti-spin parachute can be
avoi ded.

On occasion of the SD- 27 airplane certification, the follow ng
procedure was adopt ed.

The behavi our predictions have been nmade only on the basis of
a 1:6 scale radio-controlled flying nodel and the canopy was
ready for rapid release, the maneuvers were filned from the
ground since it was a very clear day and it was not deened
necessary to fly a chase airplane.

Sonmetinmes additional instrunents used on purpose for spin
tests are added on the panel (spin panel). They include: a
precision altineter, a turn-and-bank indicator, as well as two
lights indicating the rotation trend which are swtched on
when the yaw rate exceeds a preselected limt (15 deg/sec).

To film the instrunent panel can be useful to reexanine the
maneuvers and give coments in the test report. A voice
recorder can also be installed.

When the proper instrunents are installed on the airplane, the
test results can be better evaluated and should it be possible
to have the results in real tinme on the ground station, the
technicians can follow the maneuvers and supply the pilot with
useful information where necessary.

As regards general aviation airplanes, changes to the fuel
system and the engine are not required; it is only necessary
to know what are the possible limts, in order not to exceed
t hem

In general aviation aircraft limts can be due to stresses on
the propeller (gyroscopic nonent), prolonged reverse flight
attitude originated by engine lubrication and fuel problens,
as well as speed and load factor limts.

At tinmes it is easy to exceed these |limts above all when
performng tests in the take-off and | andi ng configurations.
Since in these configurations it is not required to evaluate a
devel oped spin, it is wusually allowed to retract flaps and
| andi ng gear, should the structural limts be exceeded during
t he maneuvers.

| have heard of propeller and crankshaft failures during stal
tests on big tw n-engine airplanes or during spin maneuvers
on acrobatic airplanes with engi ne at maxi mum rpm

Should it be necessary to carry out tests on fighters, the
changes to be introduced on the airplane to attain a certain
degree of safety are nore demanding, above all when flight
controls depend on engine hydraulic or electrical supplies. In
this case it is a nust to envisage additional engine starters
and energency systens in order to obtain the required
hydraul ic and el ectrical supplies.

Systens such as the ramair turbine are here scarcely suitable
since, due to high attitudes and the |ow dynam c pressure
associated with these maneuvers, they are not always capable
of guaranteeing a good operation.

Usually the problem is solved with enmergency and auxiliary
batteries or with an APU (Auxiliary Power Unit) which starts
operating imediately in case of an engine failure;
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alternatively, a hydraulic accunulator can be installed on
each flight control channel.

It is advisable, in any case, to select a test area so as to
be able at least to conme back to the airfield with a dead
stick since the engine may have been damaged and the relight
may be i npossi bl e.

In twin-engine fighters the tests can be perforned with one
engine running, while the other engine is prearranged for
relight in case of failure of the first one.

As for wvariable gains flight controls, it is possible to
install a systemcontrolled by the pilot on the airplane or by
a safety pilot from the ground who bypasses air data. This
allows a maxi rumgain in case of control failure.

It is advisable not to install automatic systenms which can in
turn be the subject of failure.

The same considerations apply to the enmergency system (anti-
spin parachute or simlar). It is better to have a sinple and
very reliable system rather than using conplex systens which
may undergo failures and require accurate controls in order to
guarantee a sufficient degree of safety.

W nust know the high AQCA engine characteristics. In sone
cases throttle shifting to “idle”, during high AOA naneuvers,
prevents engine shut-off, while in other instances, throttle
position is not to be changed since changed rpns certainly
| ead to engi ne shut-off.

Some engines are limted by negative load factors and this
limtation my be such as not to enable the evaluation of an
inverted spin behaviour in a conplete way with the engi ne
runni ng.

It could also be necessary to change the air data system to
have nore accurate data at |east with maxi num positive AQAs.

Usually, high AOA and sideslip sensors are installed on
fighters. To enable the pilot to perform a good check of the
situation, it is advisable to have these indications on the
i nstrunent panel .

Besides installing easily readable altineters, alnost always
it is necessary to arrange for installation of warning lights
pointing out the requirenent of ejection in case of a too |ow
al titude.

Anot her necessary change is the one for data recording and
telemetry systenms which is to be equipped with an energency
battery in case of electrical failures.

Qoviously al so the instrunment panel of such an airplane my be
quite different from an operational aircraft panel, due to the
di fferent changes whi ch have been introduced on the airplane.

The spin maneuver on sone fighters may turn out to be violent
and therefore it is advisable to arrange additional straps on
the pilot seat and helnet to avoid that accelerations may
originate control |oss or physical damages to the pilot.
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A check of the fixings of the various board installations is
also required to ascertain that they are capable of
wi t hstandi ng the envisaged accel erations.

Al so as regards changes to be introduced on the airplane, an
accurate check before test flights enables an evaluation of
the actual requirenent of safety systens, as well as the
choice of the strictly necessary changes, so as to avoid to
have an unnecessarily conpl ex airpl ane.

Some aircraft conpanies have proceeded with test flights of
new configurations w thout introducing substantial changes and
wi t hout installing energency systens.

This can easily be obtained when a team including technicians
and pilots is well prepared and confident about their job, in
case of new configurations and at |east with engines of well
known reliability.

2.3.7. PI LOTS AND FLIGHT TEST ENG NEERS TRAI NI NG

Pilots and technicians training is essential to carry out the
tests safely. Only with qualified personnel it is possible to
elimnate inconveniences in a short tine. Problens nust be
nostly solved in real tine to escape an energency situation

It is unpleasant to be at a ground station while the flying
airplane is having sone problens. It is difficult to remain
cold and collaborate, above all if wthout an adequate
experi ence.

Several years ago, when telenetry systens did not exist, the
pilot was to be in a position of recognizing the various spin
conditions and evaluate the best recovery naneuver. An
engi neer could only talk by radio and supply information on
the basis of the envisaged estimations and possibly rem nd the
pilot about the enmergency procedures agreed before the
flights.

A substantial assistance to the pilot could be given by
another pilot in a chase airplane. Still nowadays the tests of
general aviation aircraft are nostly carried out wthout a
telenetric system

It is required that both pilots are test pilots with a good
experience on high AOA tests. In particular, for the test
pilot, a good know edge of the airplane being tested is
required (flight qualities and energency procedures).

Should the spin behaviour predictions be such as to entail
strong accelerations, it is advisable for the pilot to get
trained in a centrifuge.

Before flight tests it is necessary to perform several spin

maneuvers by neans of trainers qualified for carrying out
spins.
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This training will put the pilot in a condition to be able to
better analyze the airplane behaviour and easily bear the
| oads during the naneuvers.

The spin effects on the pilot in some cases are upsetting and
it is easy not to recognize the rotation trend, above all in
case of inverted spins. A good training reduces the
possibility of making m stakes to a m ni num

Wth a telenetric system it is possible to nonitor the
aircraft maneuvers. The ground personnel, engineers and safety
pilot, my have a conplete control of the situation and
soneti mes nmake decisions also for the test pilot who certainly
encounters bigger difficulties in recognizing the spin
direction when submtted to violent sw ngs.

Some aeronauti cal conpanies have arranged small flight
simul ators supplying the ground station with flight data.

The staff is trained to recognize the maneuvers on the basis
of the data received at the ground station.

It is of course necessary that all the personnel associated
with the tests is famliar wth the results of the
predi ctions.

The pilot should follow vertical wind tunnel or flying nodel
tests personally.

In fact, in general it is not enough to read the test report.

Al so engi neers should be well acquainted with the test results
and the performed simulations and have a good famliarity with
hi gh AOA maneuvers and the aircraft limtations.
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2. 4. TEST PROCEDURES

The test procedures depend on the aircraft configuration and
cl ass.

As a basic criteria, | deemit necessary to proceed by degrees
starting from the sinplest configurations. For exanple: try
first clean configurations and then the armed ones and the
asynmmetric ones; the normal spin first and then the inverted
one.

This approach enables the operator to becone self-confident
and face the nost dangerous conditions wth  better
reliability.

As previously nentioned, it is difficult to have well trained
personnel available, while it is rather easy to |ose control
of the situation and nake m stakes during the tests.

A data interpretation mstake in the initial phase may brin
about loss of reliability towards the team to the jo
detrinment.

g
b

2.4.1. HOW TO ARRANCE THE FOUR TEST PHASES A B, C. D
ACCORDI NG TO M L-F-83691.

In these last few years, a remarkable inportance is being
given to the behaviour of stall/departure phases of out-of-
control flight.

Personally | believe this type of approach correct, since the
pilot is above all to be in a position to recognize the
spi n/ departure phenonenon in the initial phase and possibly
recover the aircraft and limt the control |oss.

The conplete perfornmance of these tests require a certain
|l ength of time since also in a general aviation aircraft or a
trainer the inplied variables are different, such as:
deceleration plus or mnus slow (1,3,5 Kt/sec), engine
setting, controls sequence and speed, configuration.

The results are quite significant and enable a conplete
eval uation of spin characteristics, as well as the best entry
and recovery nmaneuvers fromincipient spin.

On certain fighters which are not qualified for a safe
recovery from spin, the above are the only naneuvers which can
be perfornmed and, should there be good guarantees of spin
recovery, only Phase "C' is carried out.

In order to obtain a good scheduling of the test in question

it is always inportant to conpare results wth predictions, as
well as wupdate mathematical nodels before the tests, where
necessary, so as to be able to envisage the aircraft behavi our
during the tests with a good approxi nation.

Wth a simulation program it is possible to easily reproduce

the different maneuvers and imediately obtain an indication
as regards the predictions reliability.

PAGE 25



“Spin prediction and high AOA flight test”
CFTE- XI AN- CHI NA Decenber 1996

In particular, the possible aerodynam c asymmetries on a
fighter can be evaluated finding out the roll and yaw
accel erations which had not been commanded by the pilot, the
autorotation characteristics on the basis of the remining
rotation speed during the recovery, the Ilongitudinal nonent
determ ned by the control stick to rmaintain the AOA

The AOA ( alpha) value can be verified on the basis of the
ratio: rolling rate/yaw rate, while the control effectiveness
is ascertained by the accelerations due to deflected controls.
Practically by performng stall tests it is possible to obtain
useful indications on prediction reliability and easily face
t he subsequent tests by deflected | aterodirectional controls.

These tests may also serve the purpose of evaluating the
actual control power requirenents, as well as optimze its
range in order to guarantee a better spin resistance and
facilitate its recovery fromdeparture conditions.

It is relatively easy to evaluate stall and departure
conditions through a control partial deflection, in case of
excessive effectiveness, while, within certain |limts, ranges
can be increased in case of scanty effectiveness.

It is always necessary to introduce changes which do not
disturb low AOA behaviour and do not alter control effort
val ues excessi vely.

An accurate evaluation of the different control effect allows
sufficient data for the preparation of a flight control system
limting spin entry and departure possibilities, wher e
necessary and evaluate the effective requirenents of possible
control interconnection (aileron-rudder interconnected).
Sonetinmes this interconnections allow the resolution of sone
|l ow AOA behaviour problens, however, they are not very
suitable to guarantee a good spin resistance.

In sone cases a longitudinal trim nmay be used to change the
| ongi t udi nal contr ol power during the tests (contro
configuration with stabilator trin) and proceed by degrees in
t he behavi our eval uation on AOA basi s.

The lateral contr ol ef fect for fighter configurations
generally changes with al pha (LCDP changes sign) and during
these tests rather accurate data are obtained.

It is necessary to carry out evaluations also at relatively
hi gh speeds and to detect alpha limts and |oad factors which
may | ead to violent autorotations and control | osses.
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2.4.2. TYPI CAL DEMONSTRATI ON ACTI ONS AND PI LOT TECHNI QUES

It is rather conplex to determne typical denonstration
actions since the pilot should be able to perform any maneuver
wthin the Iimts of the flight envelope and in sone cases
beyond t hese and be able to control the situation.

In case the airplane escapes the pilot control beyond a
certain attitude, it is necessary to denonstrate that there
are recovery possibilities or behave in such a way as to avoid
reaching these conditions with automatic limtations of flight
controls.

In general aviation airplanes the requirenents (FAR 23, JAR
23) usually claimrecovery froma spin after one turn or three
seconds, whichever takes longer, in no nore than one
addi ti onal turn for Crui se, t ake- of f and | andi ng
configurations.

Should the airplane be of aerobatic type, six spin turns are
required and the airplane nust recover from any point in a
spin in no nore than one and a half additional turns after
initiation of the first control action for recovery.

However, the requirenent | believe to be essential is that “it
must be inpossible to obtain unrecoverable spins with any use
of the flight or engine power controls either at the entry
into or during the spin and there nust be no characteristics
during the spin (such as excessive rates of rotation or
extreme oscillatory notion) which mght prevent a successful
recovery due to disorientation or incapacitation of the
pilot”.

Recently for trainer airplanes (US JPATS program civil
aviation regulations have been adopted as reference and |
think that a typical denonstration of AQA behaviour is to
envi sage all possible naneuvers and check that in no case
dangerous situations may be reached.

Personally | deem it necessary for a general aviation airplane
to denonstrate a recovery possibility at least fromthree spin
turns for a cruise configuration and froma turn for a take-
off and landing configuration. For a trainer and an aerobatic
ai r pl ane the requirement is to denonstrate the recovery
possibility from nore than six turns in clean cruise
configurations and from at Jleast two to three turns in
configurations with external l|oads and again from a turn in
take-of f and | andi ng configurati ons.

For a fighter able to recover from a spin three turns of
devel oped spin in clean configurations and one turn in arned
or take-off and | andi ng configurations may be enough.

Pilot techniques nust be the nost different possible so as to

point out all possible behaviours originated by aerodynam c
ef fects and gyroscopi ¢ nonents.
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It may happen that sonetines when the airplanes reach their
Qperational Air Base, behaviours are discovered which had not
been found out during test flights and often these behaviours
are not due to differences between the prototype airplane used
for flight tests and the operational aircraft.

2.5. TEST I NSTRUCTI ON SHEETS (TIS)

The TIS are docunents that collect briefly all the work that
nmust be done for flight test activity.

In the TIS usually the predicted behaviour is presented, and
all the enmergency systens that can have been installed are
descri bed.

In order to organize the activity it is al so necessary to
define the nunber of specialists and pilots required, as wel
as the test area.

Several conpanies are used to prepare TISs divided into two
parts. The first one describes how to prepare the flight test
ai rplane, the ground station and how to perform the tests.
The second part collects the results of the flight tests and
t he eventual changes of the prelimnary program

Due to the high risk of high-angle-of-attack tests the TIS is
usual l'y difficult to prepare because it is necessary to
satisfy several requirenents and it is mandatory to clear
the airplane with the | owest cost and |owest risk. On severa
occasions the tests are divided into different phases due to
contractual problenms or due to the necessity to open the
flight envel ope.

For newgeneration fighters, wusually, it is necessary to
di scuss the “test philosophy” with the program managenent and
it is not easy to chose a good conprom se for reasons of
safety, tinme, cost of the program and clear the configuration
in a conplete nmanner

Here is an exanple of a list, to be used as a guide, to the
chapters of a typical TIS for a newgeneration fighter, as
foll ows :

1. Cl earance (bjectives

2. I nt roduction

3. Basic Trial Philosophy to Achieve O earance
bj ecti ves

4. Test Equi pnent

4.1. Aircraft Description

4.1.1. Aircraft Safety Equi pnent

4.1. 2. Anti -spin Parachute

4.1. 3. Stability Augnmentation, Controls Gain, Cut-out
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4.1.4. Tel enetry

4.1.5. Speci al Cockpit Instruments

4.1.6. Caneras Installation

5. Ground Tel enetry System

6. Test Area

7. Ground Preparation for Flight Trials
7.1. Aircraft

7. 2. Aircrew

7. 3. Telenetry Crew

7.4. Si mul ati on and Response Prediction
8. Flight Trials

8.1. Cl ean Configuration

8. 2. Fuel Asymmetry Eval uation

8. 4. Conmbat Maneuveri ng

8. 5. Failure States

8. 6. External Store Configuration

9. Ref er ences

Atypical TIS splitted into tw parts can be the foll ow ng:

1.1. I ntroduction and Purpose of The Test

1. 2. Requi rements, ML

1.3. Prelimnary Report or List of Data Necessary to
Perform The Tests

1.4. Aircraft Configuration

1.5. Flight Limtations

1.6. Necessary I nstrunmentation or Flight Test
Instal | ati ons

1.6.1. Modifications to Be Introduced in The Airpl ane,

1.6.2. Modifications to Be Introduced in The G ound
Station

1.6.3. List of Paraneters to Be Recorded

1.7. Criteria to Perform The Test and Definition of
The Flight Test Area

1.8. Staff Necessary to Perform The Test Activity

1.9. Ti me Schedul e

1.10. Requi red Qut put

2. 1. Criteria Used to Perform The Test (a description
of introduced changes, if any, into the
procedure or instrunentation required in part 1)

2. 2. Resul ts

2. 3. Fl i ght Test Responsi bl e Observations and Comments

2. 4. Flight Test Data Anal ysis

2.5. Concl usi on and Recomendat i ons

In nmy opinion it can be better to prepare the TIS for a
conpletely new configuration in order to perform the test in
various steps, and |leave open the possibility to nodify the
procedure as function of the test results.

As an exanple it can be better to performthe test first in
the clean configurations and then in the configurations wth
external stores.

The preparation of the TIS in two parts is also helpful
because the specialists are nore prepared to submt the
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results and it is easier to prepare the final report at the
end of the flight test.

2.6. FI NAL REPORT

The final report should include the conplete panorama of the
wor k.

It is inportant to collect all the work done and its
chronol ogy, the purpose and the net hodol ogy of the tests.

Usually only the nost significant tine histories are included
in the basic report but all the test results should be
i ncluded in an Appendi x.

In the final report it is necessary to include a description
of the airplane with all the nodifications made and the
description of the enmergency recovery systens. Test perforned
on the systens nust al so be docunented and all the differences
between the test airplane and the production airplane nmust be
i ncl uded.

It can be wuseful to include all the pilot reports, the

summary of the envisaged work done and the results of the
paraneter identification work perforned.

The typical chapters of the final report should be:

1. Description of The Test Aircraft
2. A Chronol ogy of Tests

3. Loadi ng and Configurations Tested
4, Nunmber of Flights

5. Fl i ght Restrictions CObserved

6. Li st of Parameters Measured

7. Met hod of Control Applications

8. Di scussion of Results

8.1. Spin Resistance Characteristics
8.2. Developed Spin Characteristics
8.3. Recovery Techniques

8. 4. Engi ne Performance

8.5. Tinme Hi stories of Typical and Unusual Spins
8.6. Flight Manual Preparation.

2. 7. TRAINING FI LM

It can be rather difficult to describe sonme typical behaviours
in the high angle-of-attack maneuvers. In sonme instances even
the chase plane pilot is not able to describe thoroughly the
maneuver he has seen. Therefore it is possible to obtain a
sufficient information for an evaluation of the behaviour of
the aircraft by neans of a novie shot. Today this is normally
performed by means of a TV canera and vi deot ape recording.
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A student pilot wuld find it even nore difficult to
understand the actual aircraft behaviour and becone aware of
what actually happens, without the help of a training film

A training filmis required also by regulations and it is ny
opinion that a good training filmis nore useful to a student
pilot than a flight test report, because it is nore directly
under st andabl e and in many cases sel f-explanatory.

Normal |y, besides the shots on the nore relevant nmaneuvers,
the filmincludes shots on the foreseen behavi our works, such
as the vertical wind tunnel tests, flying nodel tests, flight
sinmulator tests, etc. The aircraft used in the tests, the
safety systens installed and the test nethodology are
descri bed.

The flight tests can be filnmed fromthe ground, fromthe chase
aircraft or by means of caneras installed in the test aircraft
itsel f. Usual |y, during the editing, by conbining and
sequenci ng the shots made from different points of view, it is
possible to describe very well even the nost conplex
maneuvers.

It has beconme a normal procedure, before executing a spin test
in an unknown (or not famliar) aircraft, to require to see at
| east the training film or, if this is not available, at
| east the filmshots of the rel evant naneuvers.

In nmy experience | have had the chance to participate to the
preparation and editing of sone training filnms, and | nust
admt that it is not a sinple and easy job. Good air-to-air
shots, in particular, are not easy to be perforned and require
very experienced chase plane pilots and canmeranmen. And at the
end of the process, an experienced flight test technician and
film director is required for a satisfactory editing of the
training film

3. CONCLUSI ON

| have tried to gather in this docunment the considerations
that | deem nobst interesting and relevant to the subject and
to add ny personal experiences.

In the recent years many steps forward have been nmade in the
study and forecast of aircraft behaviour at high angle-of-
attack. This allowed to widen the flight envelope of new
generation fighters and to perform flight maneuvers that were
consi dered inpossible until a few years ago.

These *“inpossible” maneuvers are now perfornmed even at |ow
| evel in front of big crowds during the air shows.

The net hodol ogy for studying and predicting aircraft

behavi our at hi gh angle-of-attack normal |y does not require
conplex and costly facilities. Mreover the sinulation systens
are becom ng cheaper and cheaper, and easier to operate. This
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nmeans that it is possible to better manage any probl em shoul d
arise and to face the flight tests nore safely.

%% THE END ***
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