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CIRCONSTANCES / CIRCUMSTANCES

Le 6 novembre 2002 a 9h05 UTC, un Fokker 50 exploité par Luxair immatriculé LX-LGB
s’écrase lors de son approche sur I'aéroport de Luxembourg peu aprés s’étre établi en finale
ILS 24.

On November 6, 2002 at 9.05 UTC time, a Fokker 50 operated by Luxair and registered LX-
LGB crashes during the approach to Luxembourg just after establishing on ILS 24.

ENREGISTREURS /RECORDERS.

Le Fokker 50 était équipé de deux enregistreurs de vol :

The aircraft was equipped with two flight recorders:

FDR CVR
Model Fairchild F800 Fairchild A100A
Part number (P/N) 17M-800-251 93-A100-80
Serial number (S/N) 3672 56866

{
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Les enregistreurs ont été lus le 7 novembre 2002 par un enquéteur technique du BEA (CF
Rapport d’Exploitation des Enregistreurs).

The Flight recorders were read out on November 7, 2002, at the BEA (See Flight Recorders
Report).

essais complémentaires / additional tests

Le rapport d'exploitation des enregistreurs concluait sur la nécessité de réaliser des essais
complémentaires avec l'aide de la compagnie. Ces essais ont été effectués entre le 31 mars
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et le 1°" avril 2003 a Luxembourg avec des membres de la commission d'enquéte, assistés par
un pilote de Fokker 50.

Leur but est de pouvoir valider les hypothéses émises lors de la transcription des bruits et
alarmes présents sur le CVR de l'avion accidenté.

The flight recorders report concluded there was a need to proceed with additional tests with
the assistance of the Airline. These tests were performed between March 31" and April 1%,
2003, in Luxembourg with members of the investigation commission, assisted by a Fokker 50
pilot.

The aim was to validate the hypotheses based on the transcription of the noises and alarms
recorded on the CVR.

Protocole / Protocol
Afin de pouvoir recréer des conditions similaires au vol de I'accident, plusieurs séries

d'essais ont été réalisées :

» Le méme type d'enregistreur (un A100-A a bande magnétique) était utilisé sur tous
les avions ayant servis aux tests. C'est également ce type d'enregistreur qui équipait
I'avion accidenté.

» Un vol a été fait sur le Fokker 50 immatriculé LX-LGC de la compagnie Luxair entre
Paris et Luxembourg avec un enquéteur technique du BEA présent en poste

» A lissue de ce vol, le CVR a été prélevé pour lecture des données et analyse des
bruits et alarmes.

» Le méme appareil a été utilisé pour un enregistrement des essais au sol.

» Enfin, les mémes essais ont été enregistrés dans le Fokker 50 LX-LGD au sol afin de
comparer les résultats avec un panel plus large d'appareils.

» Lors des essais en poste, le conditionnement d'air était opérant pour recréer le
principal bruit de fond entendu généralement sur un CVR.

» Les manipulations ont été réalisées plusieurs fois sur chaque appareil afin de
bénéficier d'un plus grand nombre d'éléments de comparaison.

In order to reproduce similar conditions to those during the accident, several tests were
performed:

» The same type of CVR (a magnetic tape A100-A) was used on every aircraft used to
perform the tests. This was also the type of CVR installed on the crashed aircraft.

» A Luxair Fokker 50 registered LX-LGC flew from Paris to Luxembourg with a safety
investigator present in the cockpit.

> Following this flight, the CVR was removed from the aircraft for read out and analysis
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of noises and alarms.
» The same aircraft was used for a ground recording of the tests.

» Finally, the same tests were recorded in the Fokker 50 LX-LGD on the ground in
order to compare the results with a wider range of aircraft.

» During the tests, the air conditioning was turned on to recreate the main background
noise generally heard on CVRs.

» Tests were performed several times on each aircraft in order to compare the
transcribed noises with several samples.

Environnement sonore / Acoustic environment

Les essais ayant été réalisés au sol, il n'y a aucun bruit aérodynamique ni de bruit de moteur.
Cette difféerence n'entame cependant en rien la validité des résultats car les bruits
aérodynamiques sont des bruits large bande que I'on retrouve sur tout le spectre. lls ne
modifient pas la signature spectrale du bruit étudié. Les moteurs de l'avion quant a eux ont
une signature spectrale connue que I'on peut donc discriminer par rapport au bruit analysé.

Since the tests were carried out on the ground, there were neither aerodynamic noises nor
engine noises. This difference, though, does not affect the validity of the results in so far as
aerodynamic noises have a broad-band signature visible on the whole analysed spectrum.
Thus, they do not modify the spectral signature of the analysed noise. Regarding the aircraft’s
engines, their signature was known and could thus be discriminated from the targeted noise.

" Fig. 1: Représentation Temps — Fréquence du bruit de fond du LX-LGB en vol. Time — Frequency
representation of the background noise on LX-LGB in flight.
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Fig. 2: Représentation Temps — Fréquence du bruit de fond du LX-LGC au sol. Time — Frequency
representation of the background noise on LX-LGC on the ground.

Comme illustrent les deux figures précédentes, le LX-LGB (fig. 1) présente un signal plus
bruité que celui du LX-LGC (fig. 2). Les hautes fréquences (autour de 5700 Hz) correspondent
au bruit de la turbine de I'avion. Le bruit de fond est globalement plus élevé en raison du bruit
aeérodynamique caracteérisé par un spectre large bande.

As shown in the previous figures, LX-LGB in flight (Fig.1) shows a signal with more noise than
on LX-LGC on the ground (fig.2). Higher frequencies (around 5,700 Hz) match with the turbine
noise whereas the global background noise has a wide range spectrum, consistent with
aerodynamic noise.

Echantillons enregistrés / Recorded Samples

La liste suivante recense une sélection de bruits générés dans le poste de pilotage du Fokker 50. Cette
sélection a été faite en concertation avec les membres de la commission d'enquéte.

The following list summarizes a selection of noises and alarms generated in the cockpit of the Fokker
50. This selection has been done with the members of the investigation commission.

- Manceuvre de la commande des volets / Flap selector operation,

- Manceuvre de la manette des gaz / Throttle operation,

- Déplacement du siege dans 3 directions / Seat motion in 3 directions,

- Utilisation des accoudoirs / Use of armrest,

- (Dés)-activation des Taxi lights / Taxi lights switching,

- (Dés)-activation des Landing lights / Landing lights switching,

- (Dés)-activation de la Compass light / Compass light switching,

- (Dés)-activation du voyant cabine "Seat Belts On" / "Seat Belts On" light switching,
- Génération de l'alarme GPWS / GPWS alarm generation,

- Génération du Double et Triple Chime / Double and Triple Chime generation,
- Mouvements d'objets en poste / Objects moving in the cockpit,

- Ouverture et fermeture de la porte / Door opening and closing.
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Identifications et analyses / Identification and analyses

Les paragraphes suivants rapportent les résultats des essais et les analyses de comparaison
des signaux entre I'enregistrement du CVR accidenté et les enregistrements des essais. La
méthodologie employée sera décrite en détail dans I'exemple suivant, les autres identifications
reprenant le méme principe. Ces identifications suivront I'ordre dans lesquels les bruits ont été
transcrits, i.e. chronologiquement.

The following paragraphs report the results of the tests and comparison analyses between the
recording of the accident CVR and the tests recording. A first example will be thoroughly
explained, the other identifications following the same principle. The noises and alarms
identification will follow the order in which they were transcribed, i.e. chronologically.

Exemple de 1'identification de l'activation des Taxi Lights / Taxi Lights Identification example:

Afin de valider le bruit transcrit, I'analyse spectrale de ce dernier est comparée avec celles des
différents essais enregistrés dans les autres avions. Pour accroitre les probabilités et la
fiabilité des identifications, il convient d'en comparer plusieurs aspects.

Fig. 3: Représentation Temps — Fréquence du bruit transcrit. Time — Frequency representation of the
transcribed noise.

La figure ci-dessus représente le bruit enregistré sur le CVR de l'accident et transcrit comme
I'activation des taxi lights. La figure suivante représente un enregistrement du bruit généré par
I'activation des taxi lights lors des essais au sol.
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Fig. 4: Représentation Temps-Fréquence du bruit generé. Time — Frequency representation of
the generated noise.

Le domaine temporel : /| The time domain:
L'analyse du signal dans ce domaine consiste a mesurer la durée du signal global et sa
cadence si le bruit se décompose en plusieurs parties.

The signal analysis consists in measuring the global signal duration and its cadence if the
noise can decomposed in several parts.

Dans cet exemple on a : / In this example, we have:

Durée du bruit transcrit / Duration of the transcribed noise: 38 ms
Durée du bruit generé / Duration of the generated noise: 44 ms

Le domaine fréquentiel : / The frequency domain:
L'analyse se fait ici sur la répartition des pics d'énergie selon la gamme de fréquence étudiée
et sur la forme du signal. Cette derniére est définie par les durées respectives de chaque
fréquence caractéristique du bruit étudié. Ainsi dans I'exemple étudié, on retrouve dans les
deux représentations une composante basse fréquence plus longue que les autres
fréquences. Cela est di au montage de l'interrupteur sur le panneau supérieur du cockpit. A
cet emplacement, une cavité existe sous le panneau supérieur et l'air qu'elle contient entre en
vibration, expliquant cette composante basse fréquence.

The analysis is here done on the energy distribution over the range of frequencies studied and
the shape of the signal. The latter is defined by the respective duration of each specific
frequency of the analysed noise. Thus, in this example, both representations feature a low
frequency peak longer than the other frequencies. This is due to the position of the switch on
the over-head panel. At this location, a cavity exists below the panel and the air contained
starts to vibrate, explaining this low frequency peak.

Les courbes ci-aprés constituent une coupe verticale de la représentation temps - fréquence
décrite plus haut. On peut y voir a un instant donné (pris au milieu du bruit) les fréquences qui
caractérisent le bruit analysé. On s'attache ici a la répartition des pics d'énergie pour identifier
le bruit.

The graphs here-after are a vertical view of the time — frequency representation described

Accident of Fokker 27 MKk050 registered LX-LGB on 6 November 2002



157

above. They show, at a given time (taken in the middle of the noise), the frequencies that
define the analysed noise. The distribution of these energy peaks is significant in identifying
the noise.
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Fig. 5: Comparaison des composantes fréquentielles des bruits transcrit (en mauve) et généré (en
rouge). Spectrum comparison between the transcribed noise (in mauve) and the generated noise
(in red)

On retrouve les mémes composantes fréquentielles, notamment aux basses fréquences et autour de 2000
et 5000 Hz.

As seen in figure 14, the same frequencies are visible, especially for low frequencies and around 2000
and 5000 Hz.

On conclut donc ici a I’identification positive de I’allumage des Taxi Lights.
We can thus draw a positive conclusion on the identification of the Taxi Lights turned On.

Par ailleurs, ces résultats sont a rapprocher de la phase de vol au cours de laquelle ces
bruits interviennent et des procédures de vol qui prévoient, tous dysfonctionnements mis a
part, les actions sur les instruments et manettes de I'aéronef.

Moreover, those results have to be compared with the period of the flight during which they
occur and with expected flight procedures, assuming no malfunction occurred.

Enfin, il convient de prendre en compte dans ces analyses la perception de l'oreille
humaine, assimilable a un puissant analyseur permettant de compiler tous les aspects
précédemment développés et de reconnaitre, par expérience et par simple écoute, le bruit
d'un interrupteur. Ce facteur a une place importante dans I'analyse.

Finally, it should be taken into account the human perception of the hear, comparable to a
powerful analyser which can compile all the previously described aspects and can recognize,
by experience and through a single listening, the noise of a switch. This factor has an
important part in the analysis.

Il est important de noter que dans ces analyses, il ne peut étre tenu compte des intensités
respectives des signaux transcrit et généré. En effet, les fonctions de contréle automatique du
gain atténuent le signal lorsque le bruit de fond est plus important afin d'éviter une saturation
du signal. On ne peut donc pas raisonner sur les valeurs absolues de ces intensités.
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Fig. 7: Représentation Temps-Fréquence du bruit généré. Time — Frequency representation of
the generated noise.

La figure précédente représente le bruit du déplacement du Ground Idle Stop vers la position
OFF, dans le domaine temps- fréquence.

The previous figure represents the noise of the Ground Idle Stop selector set to OFF, in the
time-frequency domain.

Dans le cas présent, les deux bruits ont une forme similaire et peuvent se décomposer en 2
parties. Cette forme est a priori cohérente avec I'hypothése de la manceuvre du
sélecteur en question (le Ground Idle Stop). En effet, manipuler ce sélecteur suppose sa
levée d'une butée, sa translation puis son ré-enclenchement dans sa nouvelle position, d'ou le
double bruit. Cette cinématique est la seule a produire ce double bruit, a I'exception de la
manceuvre des commandes de gaz, des volets et du train d’atterrissage. Ces deux derniéres
commandes cependant ont une signature spectrale bien différente que I'on ne peut confondre
avec le bruit analysé ici.

In the present case, both noises have a similar shape and can be defined as the conjunction of
two shorter noises. This shape is consistent with the hypothesis of an action on the
selector in question (Ground Idle Stop). In fact, moving this selector requires lifting it from its
initial position, transferring it and then dropping it into its new position, which explains the
double noise. This sequence of operations is the only one which produces this double noise,
apart from the throttle, the flaps selector and landing gear levers. However, the two latter
controls have quite different spectral signatures that cannot be confused with the noise
analyzed here.

Analyse temporelle / Time analysis :

La durée de ces bruits est du méme ordre de grandeur : 44 et 46 ms pour le LX-LGB, et 44 et
40 ms pour le LX-LGD. A noter que la durée entre ces deux clics peut étre facilement modifiée
par la cinématique décrite ci-dessus.

The duration of these noises is about the same: 44 and 46 ms for the LX-LGB, and 44 and 40
ms for the LX-LGD. It should be noted that the duration between the two clicks can be easily
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modified due to the particular sequence of operations previously described.

Analyse fréquentielle / Frequency analysis :

Les courbes ci-aprés constituent une coupe verticale de la représentation temps - fréquence
décrite plus haut. On peut y voir a un instant donné (choisi au milieu du bruit) les fréquences
qui caractérisent le bruit analysé. On s'attache ici a la répartition des pics d'énergie pour
identifier le bruit.

The graphs here-after are a vertical view of the time — frequency representation described
above. They show, at a given time (taken in the middle of the noise), the frequencies that
define the analysed noise. The distribution of these energy peaks is significant in identifying
the noise.

Fig. 8: Représentation Fréquentielle du bruit a identifier. Frequency representation of the noise to
be identified.

Fig. 9: Représentation Fréquentielle du bruit généré. Frequency representation of the generated
noise.
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Fig. 9bis : Comparaison des composantes fréquentielles des bruits transcrit (en mauve) et généré
(en rouge). Spectrum comparison between the transcribed noise (in mauve) and the generated
noise (in red)

Comme expliqué précédemment, les figures 5 et 6 illustrent les différences de bruit de fond
entre les deux CVR. Dans le cas du LX-LGB, le spectre est plus large en raison des bruits
aérodynamique et des moteurs.

Cependant, on reconnait des correspondances entre les deux spectres, notamment de 1500 a
2500 Hz et entre 4500 et 5000 Hz.

As explained above, figures 5 and 6 show the difference in the background noise between the
two CVRs. In the case of LX-LGB, the spectrum is wider due to aerodynamic and engine
noises.

However, some frequencies match between the two spectrums, especially from 1,500 to 2,500
Hz, and between 4,500 and 5,000 Hz.

Au vu des éléments décrits ci-dessus, il apparait donc probable que la commande actionnée
soit celle du Ground Idle Stop mis sur Off.

Given the data described above, it seems likely that the selector that was selected was the
Ground Idle Stop command set to Off.

09 h 05 min 00 s : "Bruit similaire au soulévement des Ground Range Selector” | “Sound similar to
the lifting of the Ground Range Selector”

Ce bruit est généré lorsque, a partir de la position Flight Idle des deux manettes de puissance, le pilote
souleve les deux leviers du Ground Range Selector, permettant le passage du cran amenant ces deux
manettes en plage "Béta". Un bruit se fait entendre pour chaque levier, gauche et droit. Cependant,
lorsque la manceuvre est faite pour les deux cotés en méme temps, ces deux bruits sont alors confondus
en un seul.

This noise is generated when, from the Flight 1dle position of the throttles the pilot has to lift two levers
called Ground Range Selector permitting the movement of the throttles into the Beat range. A noise can
be heard for each lever, left and right. However, when the operation is done simultaneously for both
sides, the two noises appear to be one.
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Fig. 10: Représentation Temps — Fréquence du bruit transcrit. Time — Frequency representation
of the transcribed noise.

Fig. 11: Représentation Temps-Fréquence du bruit généré. Time — Frequency representation of
the generated noise.

La figure ci-dessus représente le bruit du déplacement des Ground Range Selector dans le domaine
temps - fréquence dans le cas ou les deux leviers sont soulevés simultanément afin de retrouver une
forme semblable a celle obtenue avec le bruit transcrit.

The above figure represents the noise made by the operation of the Ground Range Selector when the
two levers are lifted at the same time in order to obtain a shape similar to the transcribed noise.

Analyse temporelle / Time analysis :

Durée du bruit transcrit / Duration of the transcribed noise: 50 ms
Durée du bruit generé / Duration of the generated noise: 55 ms

Analyse fréquentielle / Frequency analysis :
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Fig. 12: Comparaison des composantes fréquentielles des bruits transcrit (en mauve) et generé (en
rouge). Spectrum comparison between the transcribed noise (in mauve) and the generated noise
(in red)

La figure ci-dessus est une superposition des représentations fréquentielles du bruit transcrit et du bruit
généré. Les intensités du spectre du bruit transcrit apparaissent logiquement supérieures a celles du bruit
généré (voir paragraphe 3.2 Environnement sonore / Acoustic environment).

On constate ainsi que les deux spectres sont treés proches. On rappelle que les pics entre 5500 et 6000 Hz
proviennent du fonctionnement du turbopropulseur.

The above figure is a superimposition of 2 spectra from the transcribed noise and the generated noise.
The spectrum intensity for the transcribed noise is logically higher than for the generated noise (See
paragraph 3.2 Environnement sonore / Acoustic environment).

Thus, both spectra are very similar. As a reminder, the peaks between 5,500 and 6,000 Hz come from
the operation of the turboprop.

On peut donc conclure, en raison de la meilleure concordance des spectres de fréquences, que bruits
transcrit et généré sont identiques : il s’agit du soulévement deux leviers du Ground Range Selector.

We can thus conclude, based on better matching between the frequency spectra, that the transcribed and
the generated noises are the same: it is the lifting of the two Ground Range Selector levers.

09 h 05 min 09 s : "Bruit similaire a la manoeuvre de la commande des flaps” / “Sound similar to the
operation of flaps control”

Ce bruit intervient alors que I’équipage vient de mentionner la position des volets. A la suite de cette
annonce et de ce bruit, les données du FDR indiquent un déploiement des volets vers la position dix
degrés.

This noise occurs as the crew members talk about the flaps position. After this communication and this
noise, the FDR data show that the flaps extended to ten degrees.
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Fig. 13: Représentation Temps — Fréquence du bruit transcrit. Time — Frequency representation of the
transcribed noise.

Fig. 14: Représentation Temps-Fréquence du bruit generé. Time — Frequency representation o
the generated noise.

Analyse temporelle / Time analysis :
Durée du bruit transcrit / Duration of the transcribed noise: 272 ms
Durée du bruit generé / Duration of the generated noise: 280 ms
Les figures précédentes illustrent les similitudes existant entre les deux bruits, ou I’on retrouve la méme

forme de signature, les mémes cadences.

The preceding figures illustrate the similarities between the two noises, where the same signature shape
and rates are found.

Analyse fréquentielle / Frequency analysis :
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Bien que moins évidents, les résultats de la figure ci-dessus permettent de retrouver les points communs
entre les deux bruits, notamment autour de 3250, 3800, 5000 et 5500 Hz.

Though not as clearly as in previous examples, the above figure shows the similarities between the two

noises, especially around 3250, 3800, 5000 and 5500 Hz.

Tous les éléments précédents (durée, cadence, facies, répartition des fréquences) permettent donc de
conclure a l'identification positive du bruit : le déplacement de la commande des volets. Les
données du FDR confirme un déplacement vers la position dix degrés

All the previous elements (duration, rate, shape, distribution of frequencies) allow us to reach a

conclusion about the positive identification of the noise: the setting of the flaps control. The FDR data
confirm a movement towards ten degrees.

09 h 05 min 11 s : "Bruit similaire a I’activation des Taxi Lights” / “Sound similar to Taxi Lights
being switched on”

Voir l'exemple donné dans le paragraphe 3.4 Identifications et analyses / Identification and analyses

See the example given in paragraph 3.4 Identifications et analyses / ldentification and
analyses

09 h 05 min 19 s : "Bruit” / “Noise”
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Fig. 16: Représentation Temps - Fréquence du bruit a identifie). Time Frequency representation of the noise to
be identified.

Ce bruit peut se décomposer temporellement en deux parties correspondant a deux « clics » distincts
mais tres rapprochés. Sa durée totale est de 58 ms.

This noise can be decomposed temporally in two parts corresponding with two separate but adjacent
noises. Its total duration is 58 ms.

2]

Fig. 17: Représentation Temps - Fréquence du mouvement de la manette des gaz mise en position « Flight Idle ».
Time Frequency representation of the operation of the throttle moved to « Flight Idle » position.

La figure ci-dessus correspond a la manipulation des manettes des gaz sur le Fokker 50 immatriculé LX-
LGC. Ces manettes étant en position Ground Idle, elles sont ramenées en position Flight Idle. On
retrouve ici cette décomposition en deux clics distincts. La durée totale de ce bruit est de 70 ms.

The above figure corresponds to the movement of the thrust levers on the Fokker 50 registered LX-LGC.
The thrust levers were moved to the Flight Idle position from the Ground Idle position. The same two
separate clicks can be seen. The total duration of this noise was 70 ms.
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Fig. 18: Comparaison des composantes fréquentielles des bruits transcrit (en mauve) et généré (en rouge).
Spectrum comparison between the transcribed noise (in mauve) and the generated noise (in red)

Le bruit a identifier est rapproché de celui de mouvement de la manette des gaz dans la mesure ou ce
dernier est cohérent avec le faci¢s du signal (deux clics). La figure ci-dessus illustre les fréquences
communes a ces deux bruits (2800, 3200, 5000 Hz...). Il s’agit ici du déplacement des manettes des gaz
vers la position Flight Idle.

The noise to be identified is compared with that of the movement of the thrust levers in so far as the
latter is consistent with the shape of the signal (two clicks). The above figure shows the common
frequencies between these two noises (2800, 3200, 5000 Hz...). This represents the movement of the
throttle levers to the Flight Idle position.

Une deuxieme comparaison du bruit transcrit avec un autre mouvement de manette donne des résultats
comparables. En ramenant cette fois les manettes de gaz en position Reverse, on obtient les résultats
suivants :

A second comparison of the transcribed noise with another lever movement gives comparable resullts.
By moving the throttle levers to the “Reverse” position, the following results are obtained:

Fig. 19: Représentation Temps - Fréquence issue du mouvement de la manette des gaz mise en position
« Reverse » depuis la position Flight 1dle. Time Frequency representation of the movement of the throttle from
the Flight Idle position to the « Reverse» position.

La figure ci-dessus illustre tout le mouvement des manettes de gaz de la position Flight Idle a la
position Reverse. Les fléches indiquent le passage du cran Ground Idle.

The previous figure shows the complete displacement of the thrust levers from the Flight 1dle position to
the Reverse position. The arrows indicate the passage of the Ground Idle position.
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S’agissant d’'un mouvement de manette, on retrouve encore la méme décomposition du bruit. Dans le
cas présent, ce bruit est plus long que celui transcrit, avec les causes connues décrites au paragraphe
3.4.2. Les comparaisons des spectres donnent :

Since this is a movement of a lever, the same double signature of the noise is obtained. In this case, this
noise is longer than the one transcribed, the known causes being as described in section 3.4.2. The
comparison of the spectra shows :
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Fig. 20: Comparaison des composantes fréquentielles des bruits transcrit (en mauve) et generé (en
vert). Spectrum comparison between the transcribed (in mauve) and the generated noise (in
green)

La encore, les spectres présentent des similitudes autour de 700, 1500, 3200, 4000 Hz, ... C’est
pourquoi les deux précédents bruits testés ont été comparés entre eux afin d’établir une identification
différentielle. On obtient alors les résultats de la figure suivante.

Here again, both spectra show similarities around 700, 1500, 3200, 4000 Hz... This is why the two
previous noises tested were compared with each other in order to obtain a differential identification.
The results in the figure below were thus obtained.
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Fig. 21: Compara/son des composantes fréquentielles entre les manettes poussées en position Flight
Idle (en mauve) et en reverse (en vert). Spectrum comparison between the throttle set to Flight
Idle position (in mauve) and Reverse position (in green)

Les deux spectres présentent des caractéristiques générales proches ne permettant pas de distinguer les
deux mouvements de manettes entre eux de maniére systématique. Il convient donc de conclure que
I’identification du bruit transcrit est probablement celle d’un mouvement de manette, sans que I’on
puisse conclure vers quelle position. L’enregistrement FDR montre une montée en régime des moteurs
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consécutive a ce bruit, ainsi que le passage du parameétre enregistrant le calage de I’hélice en « Low
Pitch ». Ce dernier point est cohérent avec I’hypothése du passage en Reverse.

The two spectra show similar general characteristics, which makes it impossible to make a positive
distinction between the two different lever movements in a systematic manner. It can thus be concluded
that the identification of the transcribed noise is probably that of a thrust lever movement, though no
conclusion can be reached as to which position it was moved to. The FDR recording shows an increase
in engine RPM following this noise and the recorded parameter for the propeller pitch switches to “Low
Pitch”. This is consistent with the hypothesis of the Reverse mode of the propeller.

09 h 05 min 21 s : "Bruit similaire a la manoeuvre de l1a commande des flaps” / “Sound similar to the
operation of flaps control”

Fig. 22 : Représentation Temps — Fréquence du bruit. Time — Frequency representation of the noise.

Fig. 23 : Représentation Temps — Fréquence du bruit de la commande des volets ramenée en position 0°. Time —
Frequency representation of the flaps command noise moved to 0°.

Ce bruit intervient juste avant que les données FDR indiquent un repliement des volets vers la position
«rentrés ». A I’écoute, ce bruit est per¢gu comme proche des bruits de commande des volets. Cependant,
les essais effectués ne permettent pas de valider cette identification, les spectres de fréquence (non
représentés ici) ne présentant que peu de similarités.
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This noise occurs just before the FDR data show that the flaps returned to the retracted position. When
listening to this noise, it sounds similar to the noise of the flaps control. However, this could not be
validated by the tests preformed due to the small similarities between the frequency spectra (not
represented here).

09 h 05 min 27 s : "Bruit” / “Noise”

Fig. 24 : Spectre du bruit inconnu. Spectrum of the unidentified noise.

Ce bruit, caractérisé par de fortes énergies en basses fréquences, n’a pas pu étre identifié par les essais.

This noise, characterized by high levels of energy at low frequencies, could not be identified by the tests.
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Conclusion

Les essais effectués sur deux Fokker 50 de la Luxair ont permis de recenser un grand nombre de
bruits afin de les comparer a ceux présents sur le CVR du LX-LGB. Les outils disponibles pour ces
identifications permettent de dégager certaines caractéristiques de ces bruits, comme leur durée, leur
cadence et la répartition des fréquences majoritaires. Il convient lors de 1’analyse de souligner que les
essais ont été faits sur un avion de méme type, mais différent de celui accidenté. Les bruits de fond
peuvent varier avec la vitesse de I’avion, ses parametres moteurs, sa configuration de vol (volets, pas
de I’hélice, train d’atterrissage). De la méme fagon, chaque interrupteur ou manette d’un appareil peut
présenter des caractéristiques propres différentes du méme ¢élément d’un autre avion.

Il ressort néanmoins de cette analyse les résultats suivants :

Temps de la Hypothése Résultat
Transcription
09 h 04 min 58s | Déplacement du Ground Idle Stop Probable
09 h 05 min 00s | Soulévement du Ground Range Selector Positif
09 h 05 min 09s | Commande des flaps Positif (vers 10 ©)
09 h 05 min 11s | Activation des Taxi Lights Positif
09h05min 19s | - Passage du cran ground idle (positive)
09 h 05 min 21s | Commande des flaps Pas d’identification possible
09 h 05 min 27s | - Pas d’identification possible

The tests made on two Luxair Fokker 50’s were used to compile a large number of noises in order
to compare them to those recorded on LX-LGB. The tools available to identify them showed some
characteristics of these noises, such as their duration, their rate and the main distribution of the
frequencies. During analysis, it is important to note that the tests were recorded on the same type of
aircraft, though different from the accident aircraft. Background noises may vary with the aircraft
speed, its engine parameters, and flight configuration (flaps, propeller pitch, landing gear). Moreover,
each switch or lever on the aircraft can have its own characteristics, different from those of the same
part on another aircraft.

This analysis nevertheless gives the following results:

Time on the Hypothesis Result
Transcription
09 h 04 min 58s | Ground Idle Stop movement Probable
09 h 05 min 00s | Lift of the Ground Range selector Positive
09 h 05 min 09s | Flaps control Positive (towards 10°)
09 h 05 min 11s | Taxi Lights switching on Positive

09 h 05 min 19s

Noise of the ground idle position (positive)

09 h 05 min 21s

Flaps control

No identification possible

09 h 05 min 27s

No identification possible

Les autres bruits testés et décrits en page six n'ont pas de correspondance avec des bruits transcrits.
The other tested noises described in page six do not have any match with transcribed noises.
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Appendix 19
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o

LIMITATIONS 2.06.01

oo POWER PLANT LIMITATIONS PAGE 3
\\;\3‘% VERSION 05
ISSUE 011

FLEXIBLE TAKE-OFF (PROCEDURE)

£ X shall not be used when:

- The runway is contaminated with standing water, slush, snow, or ice.

- The runway is wet unless the increased stopping distance is accounted for.
. Windshear is reported or expected.

- Skid control is inoperative.
- The operator cannot establish a means 10 verify the availability of max take-off power to ensure

that engine deterioration does not exceed authorized limits.
PROPELLER OPERATING LIMITS

WARNING: DO NOT ATTEMPT TO SELECT GROUND IDLE IN FLIGHT. IN CASE OF FAILURE
OF THE FLIGHT IDLE STOP, TH!S WOULD LEAD TO LOSS OF CONTROL FROM
WHICH RECOVERY MAY NOT BE POSSIBLE.

To avoid high propeller stresses, stabilized ground operation in the propeller rpm range of 65 per
cent to 90 per cent NP is not permitted with the airplane static.

Excluded from this limitation is the use of reverse during ground maneuvering in engine EC operat-
ing mode.

AFM FOKKER 50
CAA-NL APPROVED
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Transportand Water Management >-— Airworthiness Directive
Civil Aviation Authority Netherlands Of The Netherlands

Bijzenders Luchtwaardigheida Aanwijzing - BLA

Correspondence address BLA nr : 2003-091
F.C. Box 575, 2130 AN Hoofddorp, The Netherlands

] Date © 31 juli 2003
Caution

In #zecordance with the Aviation Act 2001 (Wet Luchvaart)), Articles 3.22, the FOKKER SERVICES B.V.
following Airworthiness Directive (BLA) is issued by the Minister of Transport,

FPublic Works and Water Wanagement. Airworthiness Directives affect aviation I[FDKKEI’)

Safety. These are regulations which require immediate attention. You are

cautioned that no person may operate an aireraft to which an Alrworthiness F 27 Mk.050 MK 502 AND MK 604
c 5 ] o a

Directive applies, sxcept in accordance with the requireamants of thereof

CAA-NL Type Certificate Nr.: T-050-87

LANDING GEAR - SKID CONTROL UNIT — REPLACEMENT

Description :

Several Fokker 50 (F.27 Mk.050) operators have reported pulsating brake behaviour and loss of braking at low speeds
in the normal braking mode. Investigation of this phenomenon has shown that electromagnetic interference (EMI),
resulting from failed components in other electronic systems and induced on the wheel speed sensor and/or tast inputs
of the Skid Control Unit, is the cause of these problems. The Aircraft Braking Systems Corporation (ABSC) has now
developed a modified Skid Control Unit, Part Number {P/M) 6004125-2 and has issued Service Bulletin (SB)
6004125-32-01 to recommend the replacement of all earlier models (P/N 8004125 and 6004125-1 ). Concurrently, this
modified unit also provides suppression of the 20 mph wheel speed signals during the execution of a Skid Control Unit
test in flight, which is recommendad by the AOM, to be performed after a lightning strike with landing gear down.
Suppression is considerad necessary because the aforementionad signals inadvertently activate the Ground Control
Relay and Flight-Idle Stop solenoid far about 16 seconds of the Propeller Control System. The maodified unit retains the
modification of P/N 600425-1 preventing inadvertent generation of the 20 mph wheel speed signals during power-up at
landing gear extension. The conditions as described above, if not corrected, could result in continued erratic brake
behaviour and propeller control problems. Since an unsafe condition has been identified that may exist or develop on
aircraft of this type design, this Airworthiness Directive (ELA) requires the replacement of the affected Skid Control
Units.

Applicability: Fokker Aircraft B.V., Model F.27 Mk.050, Mk.0502 and Mk.0804 aircraft, all
serial numbers, if equipped with ABSC Skid Control Units P/N 6004125 or 6004 125-1.

Effective date : September 1, 2003

Compliance: Required as indicated, unless accomplished previously.

ia) Replace the affected Skid Contral Units as follows
(1 For Skid Control Units with P/N 6004125 (pre-ABSC 5B F50-32-4), within the next 8 calendar months
after the effective date of this directive, in accordance with Part 2 Accomplishment Instructions of
Fokker Services SB F50-32-038 dated May 8, 2003 or a later CAA-ML approved revision; or
{2) For Skid Control Units with P/N 6004125-1 {post-ABSC SB F50-32-4), within the next 14 calendar
months after the effective date of this directive, in accordance with Part Accomplishment Instructions
of Fokker Services SB F50-32-038 dated May 8 , 2003 or a later CAA-NL approved revision;

Note: ABSC SBE No.6004125-32-01 dated May 7, 200 also pertains to this subject.

(b)  Before or concurrent with the action as required by either paragraph (a)(1 ) or (a)(2) of this directive, as
applicable, madify the Skid Control Unit ground wiring in accordance with Part 2 Accomplishment Instructions of
Fokker Services SB F50-32-035 dated August 21989 or a later CAA-NL approved revision;

i) After May 1, 2004, no spare Skid Control Units P/N 6004125 or 6004125-1 may be installed as replacement
parts.

Remarks
Operators of the affected aircraft may obtain copies of the referenced service information upon request directly from
Fokker Services B,V ., Technical Services Dept., P.O.Box 231, 2150 AE Nieuw-\ennep, The MNetherlands;
telephone (21) 252-627-350; facsimile (31) 252-627-211; e-mail technicalservices fokkersenvices @stork.com.
Compliance with this directive must be recorded in the proper Aircraft Log Book(s).

Address inguiries concerning this AD to
Aircraft Division, Section C&D; telephone +31-23-566-2'155; facsimile +31-22-566-2006; e-mail Info. Register@ ivw.nl
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JAR-25

JAR 25.1141(f) (continued)

(2) In the case of valves controlled
from the cockpit other than by mechanical
means, where the correct functioning of such a
valve is essential for the safe operation of the
aeroplane, a valve position indicator operated
by a system which senses directly that the valve
has attained the position selected, unless other
indications in the cockpit give the flight crew a
clear indication that the valve has moved to the
selected position. (See ACJ 25.1141(1).)

[Ch.14,27.05.94; Ch.15,01.10.00]

JAR 25.1143 Engine controls

(a) There must be a separate power or thrust
control for cach engine.

(b) Power and thrust controls must be
arranged to allow -

(1) Separate control of cach cngine; and
(2) Simultaneous control of all engines.

(c) Each power and thrust control must
provide a positive and immediately responsive
means of controlling its engine.

(d) For cach fluid injection (other than fuel)
system and its controls not provided and approved
as part of the engine, the applicant must show that
the flow of the injection fluid is adcquatcly
controlled.

(e) If a power or thrust control incorporates a
fuel shut-off fcature, the control must have a
means to prevent the inadvertent movement of the
control into the shut-off position. The means
must

(1) Have a positive lock or stop at the
idle position; and

(2) Require a separate and distinct
operation to place the control in the shut-off
position.

{Ch.12, 10.05.88; Ch.13, 05.10.89]

JAR 25.1145 Ignition switches

(a) Ignition switches must control each
cngine ignition circuit on cach engince.

(b) There must be mcans to quickly shut off
all ignition by the grouping of switches or by a
master ignition control.

SECTION 1

JAR 25.1145 (continued)

(¢) [ Each group of ignition switches except
ignition switches for turbine cngines for which
continuous ignition is not required, and each
master ignition control must have a means to
prevent its inadvertent operation. |

[Amdt. 16, 01.05.03]

JAR 25.1149 Propeller speed and pitch
controls

(a) There must be a separate propeller speed
and pitch control for cach propeller.

(b) The controls must be grouped and
arranged to allow

(1) Scparate control of cach propeller;
and

(2) Simultancous  control  of  all
propellers.

(¢) The controls must allow synchronisation
of all propellers.

(d) The propeller speed and pitch controls
must be to the right of, and at lcast onc inch
below, the pilot’s throttlc controls.

JAR 25.1153 Propeller feathering controls

(a) There must be a scparate propeller
feathering control for each propeller. The control
must have means to prevent its inadvertent
operation.

(b) If fcathering is accomplished by
movement of the propeller pitch or speed control
lever, there must be means to prevent the
inadvertent movement of this lever to the
feathering position during normal operation.

JAR 25.1155 Reverse thrust and propeller
pitch settings below the flight
regime

| Each control for selecting propeller pitch settings
below the flight regime (reverse thrust for turbo-
jet powered airplanes) must have the following:

(a) A positive lock or stop which requires a
scparate and distinct operation by the flight crew
to displace the control from the flight regime
(forward thrust regime for turbo-jet powered
airplancs), and it must only be possible to make
this scparate and distinct operation once the
control has reached the flight idle position.

(b) A means to prevent both inadvertent and
intentional selection or activation of propeller
pitch scttings below the flight regime (reverse |

Amendment 16 1-E-16 01.05.03
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SECTION 1

JAR 25.1155(b) (continued)

[ thrust for turbo-jet powered airplanes) when out
of the approved in-flight operating envelope tor
that function, and override of that means is
prohibited.

(¢) A reliability, such that the loss of the
means required by paragraph (b) above is remote.

(d) A caution provided to the flight crew
when the means required by paragraph (b) above
is lost.

(¢) A caution provided to the flight crew
when a cockpit control is displaced from the flight
regime (forward thrust regime for turbo-jet
powered airplancs) into a position to sclect
propeller pitch scttings below the flight regime
(reverse thrust for turbo-jet powered airplancs)
outside the approved in-flight operating envelope.
This caution need not be provided if the means
required by paragraph (b) is a mechanical baulk
that prevents movement of the control. |

[Amdt. 16, 01.05.03]

JAR 25.1161 Fuel jettisoning system
controls

Each fuel jettisoning system control must have
guards to prevent inadvertent operation.  No
control may be ncar any fire extinguisher control
or other control used to combat fire.

JAR 25.1163 Powerplant accessories
(a) Each engine-mounted accessory must

(1) Be approved for mounting on the
engine involved;

(2) Usc the provisions on the engine for
mounting; and

(3) Be scaled to prevent contamination
of the engine oil system and the accessory
system.

(b) Electrical equipment subject to arcing or
sparking must be installed to minimise the
probability of contact with any flammable fluids
or vapours that might be present in a free state.

(c) If continued rotation of an engine-driven
cabin supercharger or of any remote accessory
driven by the cngine is  hazardous if
malfunctioning occurs, there must be means to
prevent rotation without interfering with the
continued operation of the engine.

[Ch.12, 10.05.88)

01.05.03 1-E-17

JAR-25

JAR 25.1165 Engine ignition systems

(a) Each battery ignition system must be
supplemented by a generator that is automatically
available as an alternatc source of electrical
energy to allow continued enginc operation tf any
battery becomes depleted.

(b) The capacity of batterics and generators
must be large cnough to meet the simultancous
demands of the engine ignition system and the
greatest demands  of any clectrical  system
components that draw electrical energy from the
same source.

(¢) The design of the engine ignition system
must account for

(1) The condition of an inoperative
generator;

(2) The condition of a completely
depleted battery with the generator running at
its normal operating speed; and

(3) The condition of a completely
depleted battery with the gencrator operating at
idling speed, if there is only onc battery.

(d) Not required for JAR 25.

(¢) No ground wirc for any cngine may be
routed through a fire zone of another engine
unless cach part of that wirc within that zone is
fireproof.

() Each ignition system must be independent
of any clectrical circuit not used for assisting,
controlling, or analysing the operation of that
system.

(g) There must be means to warn appropriate
flight-crew members it the malfunctioning of any
part of the electrical system is causing the
continuous discharge of any battery necessary for
engine ignition.

(h) Each cngine ignition system of a turbine
powered aecroplanc must be considered an
essential electrical load.

[Ch.9,30.11.82; Ch.14, 27.05.94]

JAR 25.1167 Accessory gearboxes

For aeroplanes cquipped with an accessory
gearbox that is not certificated as part of an
cngine -

(a) The engine with gearbox and connecting
transmissions and shafts attached must be
subjected to the test specified in JAR-E 160 and
JAR E 740, as applicable.

Amendment 16
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STORIS® Fokker Services B.V.

One of the observations of the Luxair wreckage was that the right hand propeller blades were found in the
maximum reverse pitch position. The internal examination of the right hand engine showed that there was
no combustion at the time of impact, indicating that the engine was shutdown prior to that. Shutting-down
the engine would normally result in a feathered or partly feathered propeller (depending on the available
time) because the fuel lever also moves the feathering valve to the feather position.

Propeller hang-ups in reverse pitch may be explained by a phenomenon observed in the so-called
"Cranbrook manoeuvre". The objective of the "Cranbrook manoeuvre” is to demonstrate that if full reverse
thrust is selected after landing and the crew decides to take-off again because the runway is obstructed,
that full forward thrust can be selected rapidly without exceeding any powerplant limitations. It should be
noted that the "Cranbrook manoeuvre” is a special Canadian requirement (ref.. Airworthiness Manual
Advisory AMA/525/3) that is not part of the standard JAR/FAR 25. During a recent Fokker 50 Type
Validation meeting with Transport Canada it was stated that the Fokker 50 would not be required to meet
this requirement because of the original Type Certification date of the Fokker 50 was before the AMA 525
publication date.

From "Cranbrook manoeuvre" type testing it is known that, when slamming a power lever from full
reverse to above flight idle, occasionally the propeller may not come out of reverse and may not get into
feather either. This behavior requires a real slamming movement and can not be duplicated in case of a
more gradual power lever movement. The phenomenon (which may be expected to be common for
similar turboprop designs) can be explained as follows.

There are two means to move the propeller blades from the reverse position towards the take-off position
(coarse pitch), hydraulically when the propeller is beta controlled or by means of counter weights in the
constant speed range. Which of the two means applies depends on the power lever position, i.e. below
flight idle this will be hydraulic pressure and above flight idle the counter weights. The counter weights will
only force the propeller blade to the correct (coarse) direction from a positive blade angle as starting
point.

The reverse pitch hang-up will occur when the power lever is moved out of the full reverse position into a
position above the flight idle so quickly that the propeller blade has no time to achieve a positive blade
angle. This because, if the biade angle is still negative when the oil pressure is dumped, the counter
weights may return the blades to the full reverse position.

In addition with subsequent fuel shutoff, feathering is also not possible when the propeller is in the full
reverse position and the power lever in the flight range because the relevant ports in the pitch control unit
are blocked.

The Luxair FDR data for the right hand engine has been reviewed to determine if the reverse pitch hang-
up could have been caused by an "in flight Cranbrook type manoeuvre”. One significant phenomenon that
is noticeable on the FDR is that when the propeller has entered beta range both propeller speed (Np) and
high pressure rotor speed (Nh) increase. The increase of propeller speed in that case is expected due to
the windmilling effect. However, the Engine Electronic Control (EEC) should have reduced the fuel flow to
minimum idle in an attempt to lower the propeller speed to the correct Np speed schedule in the EEC.
Furthermore, the propeller overspeed appears to be controlled at 108 percent, which indicates that fuel
flow is not controlled by the EEC but instead by the overspeed governor (pneumatic setting). Shop testing
of the fuel system components afterwards did not show any defects that could explain this uncontrolled
fuel flow after beta entry.

If however the power lever is assumed to be in the flight range, i.e. above flight idle, while the propelier
pitch is at maximum reverse, the EEC will control engine power regardless of propeller speed. When the
propeller speed reaches the set point of the overspeed governor, the overspeed governor will limit the
fuel flow. This scenario exactly matches the recorded data.
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Assuming that the crew operated both power levers simultaneously, it can be concluded that both power
levers were far in the reverse range and that both were slammed forward. The FDR shows that both
propellers were below the low pitch switch setting when the FDR stopped. On the ground however the LH
propeller was found in the feather position while the RH propeller was found in reverse position. This
indicates that the blade angle/beta tube positions on both propellers were marginal with respect to the
ability to feather (apparently leading to the situation where the LH pitch control mechanism just received
supply of feathering pump oil pressure, and the RH side not).

Had this phenomenon not occurred on the RH engine/propeller, thus assuming RH propeller had
feathered after the last recorded sample as well, this would eventually have taken away the asymmetry,
but would of course (given the shutdown of both engines) not have restored propulsion.
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