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on 23 May 2021

at Peyrolles-en-Provence

Time Around 19:45?

Operator Aerobatic Club de la Méditerranée

Type of flight Aerobatic

Persons on board Pilot and passenger

Consequences and damage Pilot and passenger fatally injured, aeroplane destroyed
This is a courtesy translation by the BEA of the Final Report on the Safety Investigation. As
accurate as the translation may be, the original text in French is the work of reference.

Loss of control during an aerobatic flight,
collision with surface of a lake

1 HISTORY OF THE FLIGHT

Note: the following information is principally based on radar data, radio communication recordings
and statements.

The pilot, accompanied by his son, took off from Aix-Les Milles aerodrome (Bouches-du-Rhéne) at
around 19:30 and headed for the Pont de Pertuis aerobatic activity area overhead the
river Durance.

At 19:38 (see Figure 1, point c), he contacted MARSEILLE Information?, reported that he was
overhead the Durance and was getting ready to start manoeuvres between an altitude of 5,000
and 6,000 ft.

At 19:39 (point @), the controller informed him that there were no aircraft in the sector and the
pilot replied that he was starting manoeuvres. This was the last radio message that he made.

At 19:46 (point @), witnesses saw the aeroplane in straight horizontal flight, suddenly start
descending towards the ground with a nose-down attitude (refer to paragraph 2.6). The aeroplane
disappeared from their sight and then they heard a thud. They went by car to what they thought
was the accident site and contacted the emergency services.

In the meantime, at 19:52, as the aeroplane was no longer visible on the radar screen, the
MARSEILLE Information agent tried to contact the pilot by radio, without success®. At 20:01, unable

1 Except where otherwise indicated, the times in this report are in local time.
2 Aix-en-Provence Area Control Centre flight information.
3 No Mayday call was received.
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to re-establish radio contact with the pilot or radar contact of the aeroplane, he initiated a
distress phase.

Aeroplane debris on the surface of a body of water was found by a civil defence helicopter at 20:48.
The wreckage was located during the night by divers at the bottom of the water, in the centre of

the lake.
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Figure 1: end of aeroplane’s flight path

2 ADDITIONAL INFORMATION

2.1 Meteorological information

The French met office, Météo-France, estimated the weather conditions at the time of the accident
as being light westerly wind, no turbulence, CAVOK. The sun was at an azimuth of 287° and was 12°
above the horizon.

2.2 Examination of site and wreckage

The wreckage was lying 15 m below the surface of Plan d’eau des Chapeliers lake situated at an
altitude of 200 m. It was completely broken up. The low visibility at the bottom of the water meant
that it was not possible to determine if the aircraft was complete. The pilot and the passenger were
wearing their parachutes which were found deployed by the divers. It was not possible to
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determine whether the parachutes had deployed following the collision with the surface of the
water. Due to the multiple deformations of the canopy structure, the position of the canopy release
handle could not be determined.

Owing to the fragmentation of the aeroplane, not all of its constituent parts were recovered. The
fuselage structure, the wings and the tail unit were destroyed. The examination of the ruptures of
the various pieces of debris recovered showed that all the damage observed was the result of the
collision with the surface of the water and bore witness to a high-energy collision due to the
aeroplane’s high speed associated with a steep nose-down attitude.

Dissymmetric deformations of the main landing gear were observed which could be explained by
the aeroplane being banked on the roll axis at the time of the collision with the surface of the water.
The examination of the control linkages of the control surfaces found that they were continuous at
the time of the accident. However, as the associated control surfaces were destroyed or not found,
the hypothesis of a technical failure affecting the controllability of the aeroplane cannot be
totally excluded.

The examinations on the engine were limited due to the substantial damage resulting from the
accident. No rupture was observed in the engine block; the components were in position and there
were no signs of incorrect lubrication when the engine was in operation. The internal adjustment
of the fuel injection system did not comply with the manufacturer’s recommendations. According
to the specialists consulted, the adjustment found would lead to an abnormally lean mixture which
could result in an unstable engine rating, or even a loss of power when the throttle control is set to
the idle rating. The continuity of all of the fuel system could not be checked. The exact position of
the fuel valve could not be validated.

The memory card of the GoPro camera which was on the aeroplane broke during the accident and
it was not possible to recover the data. The aeroplane’s digital accelerometer was recovered
and analysed®.

2.3 Pont de Pertuis aerobatic activity area information

The permanent “PONT DE PERTUIS” aerobatic activity area No 6921 is published in the EN ROUTE
AIP 5.5 Aerial sporting and recreational activities. It is 2-km long oriented 102°/282°. The activity
area’s lower limit is 2,000 ft and its upper limit is 5,906 ft. The club directives posted in the flying
club increase the lower limit of the activity area to 3,000 ft and remind pilots to comply with the
east and west limits of the area as far as possible.

2.4 Aircraft information

2.4.1 General

The aeroplane was used to carry out aerobatic flights by DTO Aerobatic Club de la Méditerranée®,
in partnership with Aéroclub AirFrance Provence Aviation. It was originally a CAP 10B which had
been modified to become a CAP 10BK. These modifications included a carbon reinforcement of the

4 The aeroplane was equipped with a TL Elektronic TL-3424 digital accelerometer provided with a sensor
which measures the vertical accelerations of the aeroplane in a -15 g to +15 g envelope with an accuracy
of +/-0.1 g.

5 The flying club provides training for additional ratings for mountain and aerobatic flights.
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main spar in order to increase the fatigue strength of the structure in accordance with
recommendation bulletin No 2014/01° issued by the French civil aviation authority (DGAC) in 2014
in response to the airworthiness directive No 2003-375’. The aeroplane’s flight envelope
was +6 g/-4.5 g and the maximum speed during snap manoeuvres was limited to 160 km/h. At the
time of the accident, the aeroplane was in the weight and balance envelope defined by the
aircraft manufacturer.

2.4.2 Last maintenance operation and last flights of F-GGYC

The engine had logged 500 h since the last general overhaul. The aeroplane underwent a 100-h
inspection after which it was ferried, on 21 May 2021, to Aix-Les Milles aerodrome by the Aerobatic
Club de Meéditerranée president. He did not observe anything abnormal during this flight. The
aeroplane had logged 4 h 10 min since this inspection; the last five flights were flown by the head
pilot of Aéroclub AirFrance Provence Aviation who carried out aerobatic flights each lasting
around 30 min during which he did not notice anything abnormal.

2.5 Statements from witnesses on ground

A first witness who was driving his car on the A51 motorway westwards (see Figure 1) indicated
that the aeroplane flew for nearly a minute in a straight horizontal line before suddenly taking a
nose-down attitude towards the ground without entering a spin, perpendicular to and with its tail
to the motorway.

Three other witnesses mentioned having heard engine sputtering before the aeroplane suddenly
took a nose-down attitude towards the ground. One of the witnesses specified that he saw black
smoke and that before plunging, the aeroplane had slightly veered to the right on its yaw axis. They
then lost sight of it and heard the noise of the collision with the surface of the water. They drove
to Plan d’eau des Chapeliers lake, which they thought was the accident site. On arriving at the site,
they noticed a fuel slick and debris on the surface of the water.

A fifth witness indicated that he had not perceived the noise of the engine at the time of the
collision. None of the witnesses reported having heard an explosion or seen parts separating from
the aeroplane in flight.

The cause of the engine sputtering described by witnesses was not identified, but based on the
BEA’s experience, this can occur on certain aeroplanes during manoeuvres following inverted flight.
Due to the distance between the aeroplane and the position of the witnesses, it is highly likely that
there was a certain time-lag before they heard the sound.

2.6 Read-out of radar data and digital accelerometer

The Marseille and Mont Ventoux radar data was retrieved. This data was synchronised with the
accelerometer data® by using the altitude variations (see Figure 2).

6 https://documentation.osac.aero/view/200346.
7 https://documentation.osac.aero/view/221070.
8 The accelerations are recorded with a sampling frequency of 10 Hz (0.1 s between two points).
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Figure 2: altitude data taken from radars® and accelerometer data (source: BEA)

The analysis of the accelerometer data, supplemented by that from the radars, made it possible to
identify that the pilot very probably carried out the following aerobatic figures°:

Time Type of figures Duration Variation in vertical G-forces (Nz) | Average
and duration of exposure value
19:40:36 Aroll or a pull out/pitch-down which 9s +2.2gto-03¢g +09¢g
seems to be consistent with the Nz>+1gfor5s
safety check carried out by aerobatic Nz<0gfor3s

pilots before starting manoeuvres,
in order to ensure that everything is
correctly secured in the cockpit and
that the occupants have fastened
their seatbelts.

(see Figure 1, point 0)

% The radar data sampling varies between 5 s and 15 s. A gap of 15 s between two positions can result in the
visibility of the aircraft’s manoeuvres being lost. This low sampling frequency and the accuracy to 100 ft of
Mode C can limit the detection of specific manoeuvres such as an aerobatic figure and/or provide rough
altitude variations.

10 The acceleration recorded during this flight was compared with those during two test flights carried out
in 2019 by the French Directorate General of Armaments (DGA). During these flights, the aerobatic figures
were carried out with an aeroplane equipped with the same accelerometer model. This comparison was used
to consolidate the identification of the figures.
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19:41:27 Probably a loop. 20s Increase to +3.1 g then decrease +1.7¢g
Note: the variable data sampling to 0 g then new increaseto +3.4 g
rate does not enable this to be Nz>+1gforl5s
affirmed. (Point 9) Nz > 0 g for the whole period
19:41:56 Aroll 7s Increase to +2.3 g, decreaseto -1.2 g -04g
then new increase to +1.7 g
Nz>+1gfor2.5s
Nz<Ogfor3s
19:42:29 Probably an irregular hesitation roll. 10s Rapid switching between negative -09¢g
(Point 9) and positive G-forces, several times
from+2.1gto-1g
Nz>+1gfords
Nz<0Ogfor2s
19:42:56 Probably a second irregular 7s Switching between positive and +09¢
hesitation roll. negative G-forces
from-1gto+2.7¢g
Nz>+1lgfords
Nz<0Ogfor2s
19:43:25 Probably a hammerhead at western 25s Increase to +2.1 g, decrease to +1.6 g, +13¢g
limit of aerobatic activity area. increase to +3.6 g, decrease and
(Point 0) stabilisation at 0 g, increase to +2.8 g,
stabilisation around +1 g
Nz>+1gforl6s
Nz > 0 g for the whole period
19:45:03 Probably a loop with a loss of 28s Switching between positive and +1.7¢g
altitude. (Point e) negative load factors
from+3.4gto-05¢g
then increaseto +3.3 g
Nz>+1gfor2ls
Nz<0Ogfor3s
19:45:53 Probably inverted flight 14 s G-force increasesto +2.3 g -1.2.G.
then decreasesto-0.9 g Nz =
Nz>+lgforls -1gfor
Nz<0Ogforils 10s
19:46:06 Exit from inverted flight 12s G-force decreases from -0.9 g -13¢g
to-19¢g
Nz<Og
19:46:07 / 5s G-force increases from -1.9 g +0.2 g
to+1.6 g.
Nz<0Ogfor2s
Nz>+1gfor3s
19:46:13 English bunt 3s G-force decreases +0.3g
from+1.6 gto-0.1 gthento-3.9¢g
Nz>+1gforl5s
Nz<Ogforls
19:46:16 / / G-force increases from -3.9gto-1.7 g -25g
19:46:17 / / Recording stops /

Figure 3: figures carried out by pilot during flight (source: BEA)

For the last points of the flight path recorded by the radar, the ground altitude was 670 ft. The
aeroplane was at 4,350 ft QNH 1015 hPa, i.e. a height of around 3,700 ft. The last radar position of
the aeroplane was detected at 19:46:06. Projecting the aeroplane’s position on the ground at this
precise time places it at approximately 120 m from where the wreckage was found.
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The digital accelerometer data shows that the maximum G-force values reached during the accident
flight were +3.6 g/ -3.9 g The accelerometer data is considered valid up to the end of the recording
which stopped at 19:46:17.

At 19:46:07, it was observed that during a five-second period, there was an alternating G-force
(negative then positive) initially from -1.9 g to +1.6 g. This variation in G-force may possibly have
given rise to symptoms similar to those associated with the push-pull effect (see paragraph 2.9.2).
Then five seconds later, a figure was observed very probably corresponding to an English bunt
during which the G-force decreased in around 5 s from +1.6 g to -3.9 g. Such a negative G-force
could only be achieved as a result of a sufficiently large and continuous forward input on the
pitch control.

2.7 English bunt

This figure consists in starting a dive with a steep nose-down attitude from normal flight. At the
end of the manoeuvre, the aeroplane is inverted (see Figure 4).

PASSAGE PAR LAVANT
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Figure 4: English bunt (Source: Guide de I’Instructeur Voltige)

According to the Guide de I'Instructeur Voltige'?, this figure must be performed with good precision
and sufficient speed. It is a tricky figure as it is “irreversible”, and cannot be aborted once the
downward vertical axis has been exceeded. The maximum speed for entering the figure is 100 km/h;
the pilot must keep a lot of power at the beginning of the figure in order to have enough relative
wind on the elevator and not push abruptly on the stick to avoid a dynamic stall under
a negative G-force.

An ENAC aerobatic flight instructor indicated that to carry out an English bunt, it is recommended
to start this figure at a height of 3,500 ft. The loss of altitude is variable, the average value
being 1,000 ft to 1,200 ft. He specified that to carry out this type of figure, the pilot must slow the
aeroplane down to 110 km/h in normal flight, close to stall. When starting the dive by pushing very
hard on the elevator control, the pilot must simultaneously open up the throttle. There may then
be an engine misfire as power is recovered accompanied by the release of black smoke. The pilot
must then maintain maximum power until passing the vertical axis before reducing power by half
so that the aeroplane does not accelerate too much in the second part of the figure.

11 Gautier Guérard, 2013, published by Volez |, replaced with Guide de I’instructeur voltige et du voltigeur by
the same author, published by Cépadués, 2" edition 2020.
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The aerobatic flight instructor stated that in the event of an engine shutdown before passing the
vertical axis, it is possible to abort the figure and carry out a smooth positive pull-up. After passing
the vertical axis, it is possible to either perform a half-roll followed by a smooth positive pull-up or
to complete the figure by continuing to push on the stick. However, this can seem unnatural for the
pilot. In addition, if the pilot is behind in the figure, either because he has not pushed the stick far
enough forward or does not dare increase the forward stick deflection, or an untimely incident
occurs in the cockpit (object not secured, passenger reflex), the aeroplane will very
quickly accelerate.

This instructor added that when flying with a passenger, the latter should be asked to hold the
shoulder harness straps to avoid him/her making any inappropriate reflex action.

2.8 Occupant information

The 54-year-old pilot held a Private Pilot Licence - Aeroplanes obtained in 1992 and an aerobatic
rating since March 2018 by converting a national basic aerobatic rating obtained in November 2015
on the SV4 STAMPE at the CPVA (Advanced training and aerobatics centre) at Angers. He was
responsible for safety in the Aerobatic Club de la Méditerranée.

He had logged approximately 460 flight hours including 45 hours on type and around ten hours in
the previous three months including six hours on type (all on F-GGYC). He carried out a dual flight
on F-GGYC on 18 February 2021 and his last aerobatic flight as pilot-in-command was
on 23 April 2021.

According to several managers at the flying club, he was a diligent, careful, conscientious and
cautious pilot, who did not compete and did not hesitate to brush up his skills with an instructor.
One of the instructors indicated that in March 2021, the pilot had started working on advanced
aerobatic figures (vertical spins, snap rolls, avalanches, etc.).> None of the various instructors who
had flown dual aerobatic flights with the pilot stated that they had shown him how to carry out an
English bunt.

The pilot had recorded in his logbook, the minimum and maximum G-force values reached during
the last 23 flights with the CAP10, carried out since 1 January 2019. There were two flights in which
the G-force exceeded -2 g (-3.1 g and -3.2 g). These two flights were solo flights. There were also
nine flights in which the G-force exceeded +4 g, varying between +4 g and +4.8 g.

Around two hours before the flight, the pilot told a colleague over the telephone that he was
practising his aerobatic figures on the ground before carrying out a flight with his son. Two
aerobatic sheets were found at the pilot’s home. The figures carried out during the accident flight
(refer to paragraph 2.6) do not correspond to the repetition of these programmes. According to
one of his sons, he did not systematically follow them. These programmes did not include any
English bunt. However, they did include an inverted turn®? after a left roll.

12 The advanced aerobatic course also includes teaching the English bunt manoeuvre.
13 Basic aerobatic manoeuvre consisting of flying a level turn in inverted flight. During this manoeuvre, the
G-force becomes negative but nevertheless remains close to -1 g.



BCEA

The pilot held a class 2 medical fitness certificate which was valid until 1 October 2021 with a VDL
limitation that he had had revalidated by an approved medical examiner on 1 October 2020. At the
time of his previous request to revalidate his certificate issued on 15 May 2019 by the same medical
examiner, he indicated on the application form that he carried out aerobatics on the CAP10. He had
an electrocardiogram at that time. He had been taking a dual-drug treatment for high blood
pressure®> for several years, which had been renewed two days before the accident flight by his
cardiologist and included:
o Adiuretic (HYDROCHLOROTHIAZIDE). Diuretics have the property of increasing the urinary
elimination of body water, thus reducing the hydrostatic component?® of blood pressure.
e Anangiotensin Il inhibitor (VALSARTAN). This class of drugs causes the arterial walls to relax
and may therefore decrease the sympathetic response.

According to the French armed forces biomedical research institute (IRBA) and the French flight
crew medical expertise centre (CEMPN), drugs in the sartan family are not known to cause side
effects that are incompatible with aerobatics, especially if the treatment is long-standing and
usually well tolerated by the patient. On the other hand, even if there is no regulatory contra-
indication for the use of diuretics, they are not really recommended for aerobatic pilots.

The cardiologist who monitored the pilot, mainly monitored his blood pressure and biology
(monitoring of potassium levels in blood and other electrolytes in view of the diuretics taken). No
anomalies, particularly ultrasound, were detected during this monitoring.

The autopsy performed on the pilot's body indicated that the cause of death was multiple trauma
due to a high-energy impact. An examination of the cardiovascular system was not possible.
Toxicological tests confirmed the presence of the prescribed medication.

The 19-year-old passenger had no pilot's licence or aviation qualification. He flew from time to time
with his father. According to relatives, the pilot never let him take the controls.

Furthermore, one of the pilot's sons, aged 22, who flew with him regularly for several years, said
that his father did not let him take the controls during aerobatic figures.

2.9 Description of the phenomenon and risks associated with G-induced
partial or total Loss Of Consciousness (LOC)

In the book entitled "Physiologie aéronautique"?, it is stated that the major risk of exposure to

(positive radial) accelerations +Gz of long duration (more than 5 s) is that of G-induced partial or
total loss of consciousness, which is linked to the intensity of the acceleration, the rate of
acceleration (jolt!®) and the circumstances that preceded the acceleration phase during the flight.
Depending on these different factors, the appearance or evolution of the loss of consciousness has
multiple characteristics.

14 Requirement to wear suitable optical correction in flight to correct defective distant vision; implies carrying a
pair of spare glasses in the cockpit.

15 A pathological increase in blood pressure that significantly increases the risk of myocardial infarction,
stroke, etc.

16 The pressure of the blood column within the vascular tree.

17Dr H. Marotte, 2004, Published by SEES.

18 Unit measuring the speed of the increase in the G-force, expressed in g/s (BEA note).
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Two types of loss of consciousness®® are described in the work:
e Almost Loss of Consciousness (A-LOC), in which the pilot does not lose complete consciousness
but is unable to act consistently and appropriately on the controls.
The pilot will experience the onset of a state of confusion, combining some degree of spatial
disorientation and impaired judgement. In varying form and severity, the pilot is partially
conscious, dazed, able to hear and see, but unable to act, or at least act appropriately.
e G-induced Loss of Consciousness (G-LOC) responsible for a total incapacitation of the pilot.

2.9.1 Phenomena associated with manoeuvres under positive G-forces

The description of the phenomena presented below is based on publications by various
organisations or researchers over the last few decades, exchanges with doctors from the DGAC's
medical centre, the cardiologist from the French Aeronautical Federation (FFA), and the doctors
from the IRBA.

In the case of manoeuvres with a positive G-force, where there are moderate acceleration speeds?°
(contrary to those observed on high-performance fighter aircraft) of long duration, the symptoms
of loss of consciousness are described in four phases:

e The first phase starts when the G-force increases and lasts about five seconds. During this
phase the pilot is conscious.

e The second phase is represented by the pilot’s total loss of consciousness lasting between three
and thirty seconds. At the end of this phase, disordered muscular activity appears, causing
large movements or trembling?l. There is also hallucinatory brain activity often perceived and
remembered as a dream.

e Thethird phaseis the pilot’s gradual return to a normal state of perception of the environment.
This can take on average about fifteen seconds, but it can last up to one minute. The pilot is
unable to perform any relevant actions.

e The fourth phase is the recovery phase. During the first fifteen seconds, the pilot is only able
to perform simple actions on the controls of his aircraft, and remains unable to perform a
simple mental operation. This phase lasts over two minutes.

As the positive G-force increases, the blood in the body will tend to move from the head to the feet.
As the intensity and exposure time increase, the pilot may progressively experience:

e areduction of the visual field and peripheral vision;

e loss of colour vision ("grey-out");

e complete loss of vision but still conscious ("black-out");

e almost loss of consciousness (A-LOC);

e G-induced loss of consciousness ("G-LOC").

However, the pilot will only experience a grey-out or a black-out if the rate of acceleration is
progressive (low jolt values).

At a low height, these momentary effects can be fatal. Even very experienced pilots may go straight
into a G-LOC condition, without perceiving the early visual signs (grey-out, black-out) that could be
used as a warning to refrain from maintaining or increasing the G-force. The thresholds at which
these effects occur are variable from one individual to another and, for the same individual, from
one moment to another. Tolerance to the G-force depends on the training, age and physical
condition of the individual at any given time.

19 Consciousness disorders are largely explained by a mechanism of brain hypoxia of circulatory origin.
20 Understand here the rate of increase of the positive G-force.
21 Similar to convulsions.

-10 -
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According to the IRBA, the main factors affecting tolerance to +Gz accelerations are:

e Use of certain drugs (particularly anti-hypertensor or cardiovascular drugs).

e Consumption of certain toxic substances (alcohol).

e Level of fatigue and possible sleep deficit.

e Dehydration.

e Fasting.

e Physical condition: not carrying out a sport or, on the contrary, carrying out an endurance
sport in the hours preceding the flight.

e The absence of cardiovascular habituation, in particular under-training (e.g. pilots who only
occasionally fly aerobatic figures).

e Prior exposure to negative radial accelerations (-Gz) and the push-pull effect (refer to
paragraph 2.9.2). The consequences of this exposure are likely to last for at least two hours.

e Failure to adequately perform musculo-respiratory techniques known as
"anti-G techniques".

Following a fatal accident in 1987 involving a Bellanca 8KCAB Decathlon during an aerobatic flight,
the Australian Transport Safety Bureau (ATSB) conducted research in 1988, into the rates of
occurrence of G-LOC and the G-force levels encountered by a light aircraft pilot during normal
aerobatic figures??. The objective was to link the data obtained from the research to other data
available from military authorities, in order to assess whether a light aircraft pilot might or might
not experience G-LOC in aerobatic flight. The conclusion of this research is that G-LOC without prior
warning symptoms is a real possibility in such aircraft.

The ATSB report points out that, “The reality of the fact that instantaneous loss of consciousness
may occur without any prior warning is a matter viewed by many civilian pilots with an air of
disbelief. These pilots assert that the subject is really only greying-out or blacking-out.”

In its conclusions, the report states that, “International studies have revealed that the phenomenon
is a possibility in medically normal individuals at levels as low as +2 to +3Gz. In recent surveys in the
RAF, USN and RAAF numerous occurrences of G-LOC have been disclosed involving low performance
aircraft.” In France, the report by the military safety investigation authority® into a fatal accident
to a TB30 Epsilon* concluded that a sudden incapacitation in flight occurred as a result of G-
Induced Loss of Consciousness (G-LOC).

Based on current knowledge, moderate hypertension that is treated by drugs is not a
contraindication for performing aerobatics. Nevertheless, the use of anti-hypertensor drugs is likely
to reduce cardiovascular adaptation and tolerance to the G-force, which is then degraded. In
addition, no studies on the effect of acceleration on pilots being treated for high blood pressure
have been conducted.

2.9.2 Phenomena associated with manoeuvres under a negative G-force

Negative accelerations (-Gz) are experienced in inverted aerobatic flight. The resulting inertial
forces are directed from the seat to the head. As a result, the blood volume distribution changes,

22 The possibility of G-induced loss of consciousness (G-LOC) during Aerobatics in a light aircraft.

23 State safety investigation authority (BEA-E) since 2018.
24 Accident to the TB30 of the Cartouche Doré air display team registered F-SEVR on 14 March 2007 at the
709 de Cognac airbase).
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moving from the lower limbs towards the head. Blood pressure increases in the head and eyes.
At -3 g, the eyes seem to pop out of the sockets and severe headaches may occur and persist after
the acceleration has stopped. Beyond this, a state of mental confusion with motor incoordination
may appear and persist for several hours. A value of -4.5 g is an accepted physiological limit. The
tolerance is about five seconds for -4.5 g and about thirty seconds for -3 g. A sustained negative G-
force of more than a few seconds triggers a slowing down of the heart rate, which considerably
reduces the tolerance to a positive G-force in the following minute.

Negative -Gz accelerations are less well tolerated than positive +Gz accelerations. There is no
effective protection against -Gz accelerations. The main difficulty with -Gz accelerations is the
induced reduced tolerance to +Gz accelerations. This situation is referred to as the "push-pull
effect". Black-out and loss of consciousness can thus occur at values of the order of +2 to +3 g.
According to the work by Dr. H. Marotte?®, dealing in particular with acceleration, loss of
consciousness has been observed in the presence of +2 g after an inverted aerobatic manoeuvre
and this phenomenon would seem to be a real problem in sports aviation.

The BEA published a report concerning an accident to an Extra 200 during an aerobatic flight?®. The
pilot lost consciousness under a positive G-force after manoeuvres under a negative G-force. A
video recording inside the cockpit established that the pilot lost consciousness during the aerobatic
figure. However, the available data was not sufficient to determine the G-force values experienced
by the pilot during the manoeuvres.

2.10 Publications related to the consequences of exposure to negative G-
forces and to the "push-pull effect”

The Advisory Circular, “A Hazard in Aerobatics — Effects of G-Forces on pilots”?” published in 1984
by the American Federal Aviation Administration (FAA) describes the physiological consequences
associated with negative G-forces and discusses the tolerance to rapid changes from negative to
positive G-forces. It underlines that globally, the effects of a negative G-force have been studied
less and are little known.

An article published in January 2020 in the review, “Aerospace Medecine and Human Perfomance”*
explains that the risks associated with high positive G-force aerobatic flight, in particular G-induced
loss of consciousness (G-LOC), are well known. However, the adverse effects of negative G-force flight
on subsequent positive G-force manoeuvres, known as the "push-pull effect", are less well
appreciated. The article recommends that these effects should be made known and emphasized in
aerobatic pilot training.

On 30 March 2020, the French civil aviation safety directorate (DSAC) posted an article on the Light
Aviation Safety Portal written by the FFA's aviation doctor and cardiologist aimed at aerobatic
pilots, to make them aware of the G-induced loss of consciousness phenomenon, along with a
poster presenting the ten basic principles to limit the occurrence of black-out and more particularly

25 Op. cit., paragraph 2.9.

26 Accident to the Extra 200 registered F-GZXV on 15 August 2016 at Salon-Eyguiéres.
2’ AC No. 91-61.

28 M.M. Metzler, G-LOC due to the Push-Pull Effect in a fatal F-16 mishap.
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G-LOC?®. On this poster, the risks associated with alternating exposure to negative and positive G-
forces are pointed out.

2.11 Medical requirements for aerobatic flight

2.11.1 In non-competition context

Apart from the class 1 and 2 medical certificates, there are no medical fitness criteria specifically
applicable to pilots flying aerobatic figures in a non-competition context. However, when
requesting a revalidation or renewal of these certificates, the approved medical examiner can check
whether the pilot's state of health allows him to perform his activity safely, and particularly, to
withstand the accelerations associated with aerobatics. If there is any doubt, the approved medical
examiner systematically refers holders of a class 1 and 2 certificate to the authority (DGAC
medical centre).

The DGAC medical centre may then pronounce a "no aerobatics" limitation on the basis of
cardiovascular and neurovegetative®® physiopathological particularities. The medical examiner then
issues the medical certificate, with one or more limitations as applicable, depending on the decision
of the DGAC medical centre. According to the medical centre, a referral is not compulsory when the
pilot is on a dual-drug treatment for high blood pressure and his/her condition is stable. This is why
the pilot's case was not referred to them and a possible limitation was not discussed.

The same approved medical examiner revalidated the pilot's class 2 medical certificate
in 2018, 2019 and 2020. It was not possible to retrieve the application form completed by the pilot
in 2020 and 2018. The pilot had mentioned on the application form in 2019 his treatment for high
blood pressure. The medical examiner indicated that he sent the medical certificate application
form and the medical examination report to the DGAC's medical centre without initiating a
referral procedure.

2.11.2 In competitions

In addition to the class 1 or 2 medical certificates, a certificate, less than one year old, indicating
that there is no contraindication to the pilot performing aerobatics® is required under
Article L231-2-3 of the Sports Code?®. The medical requirements applicable to pilots are specified
by Article A231-1 paragraph 7 of the Sports Code*? which states that for sports involving the use of
an aircraft, particular attention is given to:

e neurological and mental health examination;

e ophthalmological examination (visual acuity, colour vision);

e ORL examination (eardrums, balance/tubal permeability, hearing acuity,

vestibular assessment);
e shoulder examination for those carrying out free flight and skydiving;
e spine examination for class 1 microlight glider pilots.

2 Dr. P.-H. Deschamps-Berger, G-Loc, les 10 commandements du doc.

30 parts of the nervous system which ensure vital functions such as breathing, blood circulation,
digestion, etc.

31 Any doctor is authorised to complete this certificate after a medical examination.

32 Version in force on the day of the accident.

33 Version in force on the day of the accident.

-13 -


https://www.securitedesvols.aero/productions/culture-aero/prevention-des-collisions-en-vol-2
https://www.legifrance.gouv.fr/codes/id/LEGIARTI000042656303/2020-12-31/
https://www.legifrance.gouv.fr/codes/section_lc/LEGITEXT000006071318/LEGISCTA000018751347/2020-12-31/?anchor=LEGIARTI000037198464#LEGIARTI000037198464

BEA

This order does not include any provisions relating to cardiovascular functions or the
neurovegetative regulation of these functions.

2.11.3 Measures applicable to top-level athletes

The medical surveillance protocol for listed and recognised top-level athletes includes, in
particular for aerobatic pilots, an electrocardiographic examination and every four years,
an echocardiography.

This cardiovascular evaluation is only required for top-level athletes, whereas all aerobatic pilots,
whatever the context, are exposed to insidious physiological stress, mainly linked to the succession
of (negative/positive) manoeuvres that they perform. This stress is not taken into account either in
the class 2 or in top-level aerobatics performed in a non-competition context.

However, these cardiovascular examinations mainly detect cardiovascular pathologies and do not
assess a subject's resistance to the occurrence of A-LOC or G-LOC phenomena, which result from
purely physiological mechanisms of adaptation of the cardiovascular system.

3 CONCLUSIONS

The conclusions are solely based on the information which came to the knowledge of the BEA during
the investigation.

Scenario

After five minutes and thirty seconds, during which the pilot performed several aerobatic figures
under G-forces, he performed inverted flight for about ten seconds and then switched back to
normal flight. During this manoeuvre, the G-force increased from approximately -1.9 gto +1.6 g in
five seconds. The aircraft's flight path then curved sharply towards the ground as a result of a nose-
down input on the elevator. The G-force decreased and reached -3.9 g. Based on the accelerometer
data, this final path is similar to an English bunt manoeuvre. The aircraft continued its vertical path
towards the ground until it collided with the surface of the lake.

The investigation was not able to determine with certainty whether the action on the controls was
deliberate or not.

The following hypotheses can be envisaged to explain the loss of control by the pilot:

e The occurrence of partial or total incapacitation resulting from a succession of figures under
negative and positive G-forces and which ended with a high negative G-force. This
incapacitation may have taken the form of G-induced almost loss of consciousness (A-LOC),
G-induced loss of consciousness (G-LOC), a malaise due to a heart problem or another type
of problem, or spatial disorientation. The pilot's medication for high blood pressure may
have reduced his tolerance to the acceleration changes.

e The uncontrolled performance of an aerobatic figure by the pilot.

e The occurrence of an untimely event on board during the performance of the figure after
passing the vertical axis (e.g. object incorrectly secured in the cockpit, reflex action of the
passenger) which could have disturbed the pilot.

e The occurrence of a technical malfunction, which the investigation was unable to rule out
with certainty.
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Safety lessons

Reduced tolerance to positive G-forces

Prior exposure to negative radial accelerations (-Gz) substantially reduces tolerance to positive
radial accelerations (+Gz). This is because exposure to a phase of flight with zero gravity and
inverted aerobatics (negative G-forces) interfere with the adaptation of the regulation of the
cardiovascular system. Black-out and loss of consciousness can then occur at very low positive G-
force values of around +2 g to +3 g. This effect is likely to persist for at least two hours after
exposure. Aerobatic pilots do not seem to be sufficiently aware of this phenomenon.

The occurrence of impaired consciousness under G-forces is an inherent danger in aerobatics. The
manoeuvring capabilities of aerobatic aeroplanes are likely to expose the pilot to G-forces that
exceed the human cardiovascular system’s ability to adapt.

Effect of antihypertensor drugs

The effects of blood pressure regulation disorders on aerobatic performance remain largely
unknown. Whether or not an aerobatic pilot is taking antihypertensor drugs or other drugs, s/he is
likely to experience impaired consciousness under G-forces.

Taking antihypertensor drugs is not innocuous and this drug is likely to reduce tolerance to +/-Gz
accelerations. The approved medical examiners and pilots concerned are advised to seek specialist
advice if they perform aerobatics, a demanding discipline with regard to the effects of acceleration
on the human body.

4 SAFETY RECOMMENDATIONS

4.1 Medical fitness criteria for performing aerobatics in a non-competition context

The investigation has shown that there is no particular medical requirement to define medical
fitness criteria for performing aerobatics in a non-competition context. However, there are
physiological characteristics that allow the assessing medical examiner to exclude the performance
of aerobatics.

The pronouncing of a "no aerobatics" limitation is conditioned by the finding of a deviation from
the standard and a referral to the authority, whereas the physiological conditions for exclusion
from aerobatics can exist without a deviation from the standard. This is why these physiological
conditions should be specifically sought, beyond the class 2 medical certificate standard.

The BEA recommends that:

e whereas there is no requirement beyond the class 2 medical certificate for performing
aerobatics in a non-competition context;

e whereas aerobatic flight, whatever its performance level, exposes the pilot to
physiological stress which exceeds that in everyday life and in light aviation;

e whereas performing aerobatics presents numerous risks, in particular cardiovascular
risks, to be taken into account by medical examiners, in particular when issuing the
class 2 medical fitness certificate;

e whereas the absence of identified medical criteria allowing medical examiners to refer a
pilot's file to the authority in order to examine a possible aerobatic limitation;
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whereas there is no obligation to hold a certificate indicating that there is no
contraindication to the pilot performing aerobatics in a non-competition context;

the DSAC, through its medical centre, raise the awareness of the approved aviation
medical examiners so that they can give suitable advice corresponding to the state of
health of the pilots performing aerobatics, and prescribe, if necessary, a medical
examination to assess as fully as possible their ability to withstand the physiological
stresses associated with this activity. [Recommendation FRAN 2023-011]

4.2 Consequences of “push-pull effect” and risks associated with G-LOC

The BEA recommends that:

whereas aerobatic flight, whatever its performance level, exposes the pilot to
physiological stress which exceeds that in everyday life and in light aviation;

whereas there may be a succession of negative G-force manoeuvres followed by positive
G-force manoeuvres even when performing basic aerobatics;

whereas the harmful effects of this type of succession of manoeuvres is not
sufficiently known;

whereas a pilot's tolerance to G-forces may be affected by various factors related to
his/her physical condition and lifestyle;

whereas the potentially fatal consequences of an impairment or loss of consciousness
in flight:

the FFA make aerobatic pilots aware of the danger of certain manoeuvres which can lead
to the physiological limits of the human body being reached. [Recommendation
FRAN 2023-012]

The BEA investigations are conducted with the sole objective of improving aviation safety and
are not intended to apportion blame or liabilities.
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