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Airiiransat Flight TSC 236

\. [/

7 Augusti24t,72001, evening.
> NorthiAtlantic ©Ocean, Azores Islands.
- EL850Airbus A330-243.
> ER Toronto (YYZ) TO Lisbon (ZYD).

.



Airslransat Flight TSC 236
7 AC fLJ,JJJﬁ ijom to TO Azores
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ANFBUSPAS30 - Engine Number 2

> Intriguing o]Jﬁz} ameters:
- L ow oil temperature.
- HIgh oll pressure.

g
ENGINE ENGINE
Nr 1 Nr 2

OIL
150 psi
17 liters | 14 liters

Rolls Royce RB 211 Trent 772B




CRZ
947 9

FOB: 13200 KG ——



ollowing message
lluminateninithe E / WD (Engine
‘Warnihg Display):

Inner Tank

w 1 ] | .
| | |.I| o I_ I-I-I I | | Center Tank

Outer Tank

2 which means:
“Trim Tank Empty”

R




ithe Azores Glider

7> At 06213 pm‘gf that day the engine
AumMber2 flamed out.

- 15"minutes later, the left engine

| fJ_wJ:c‘CJ out too.

% With'no fuel, 65 nautical miles away
from Laje Alrport Terceira Island,
Azores and at 34,500 ft altitude, the
~ 160 tons aircraft
became an
immense glider.
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Azores Glider'Landing

-

2 Despite smaﬂ'ﬁ]" In the landing
gear and minor structural damage, the
emergency landing was ok at RWY 33.
» Howeveryeighteen people suffered
injuries during the emergency
evacuation. | »

s 1
- ¢ < |
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Accidentinvestigation

7~ Investigators und that the strange
parametersiof engine Nr 2 were caused

by a'flel | —‘ka -ough a
rack inthe fuel line
downstream of the

OIL ENGINE ENGINE
N1 Nr2

“eress. | 80 psi | 150 psi




2 reached 13 ton/h.
| wh y: he aircraft




t Investigation

:_m;}f yas a result of a hard
fbetween fuel and oil lines due

{o anon :_lppff)r).f_J:JL, routine

maintenance dozens of flight-hours



Whysanraircraft get no fuel ?

> In thema ’t"r‘q,p history, a lot of
accidents have Jaaf occurred due to
lack Ot fuel. .

»- [The mainfreasons commonly are:
- Wrong rJJr range calculations

- fuel indicators malfunction.

- bad weather conditions.

- hard air traffic.

- navigation errors, etc...



Nonbestructive Testing

e upture ot a fuel tube is a quite

rareNeason 'foﬂ-: ck fuel because the

tuleskareproperly inspected.

> Iihe aircraft tubing Is inspected
throughfSeveral Non Destructive
Testing methods:

- Liquid Penetrant;

- Ultra Sound;

- X-Ray;

- Eddy-Current.



ddy*Current Testing

2 lNENEC0) f’g‘rr nt Testing (ECT) is
dnelectroma Jnm' > method widely
Sedinraircrafttinspection.

f he de'reggy dentified through ECT
a‘l‘ owsHmportantinspection decisions
and guar ees the aircrafts safe
operatlons




EddyFCurrent Testing (ECT)

of anjalt ary:ﬂ,
;JJV ILJJJ tL
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EddyECurnrent Testing (ECT)

ghetic field induces
GirculanEddyiGurrents in the fuel tube
whichi'generate

PRIMARY SECONDARY

MAGNETIC FIELD MAGNETIC FIELD

PROBE
FUEL TUBE



omplex plan to
Istance R and the

(,, the impedance
S represented by a vector

i Jthe_._ hase Angle. X, 1 v

Z =\R2+ X, ;8




%dyﬁ Arent Testing (ECT)

4 F -
. WIMe probe passes through a
defi ctithelimpedance forms an “8”

sha 'L‘E‘ajous

figure.




pEddyseurrent Testing (ECT)

é’o@m Most important signal

c racterlsts ISithe Phase Angle

horlzo@mne
and the straight
line common to
the two petals of
the Lissajous
figure, clockwise
measured.
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rcontain noises which
trongly interfere in their analysis.
ISES have many origins:
Data Probe

Mm Signhal Noises
A ECIEIonals cont

Its‘e'ﬁ'?__ . Acguisition = Wobble

. IMPEDANCE

IMPEDANCE




) urrent Material Noise

o ‘fhmus originated in the
Varlitldﬁ- Stofmagnetic properties of

fue : aterial. IMPEDANCE
> It produc | |
distortions in the
Lissajous figures to
such an extension
that Phase Angle
reading Is simply
impossible at all.




Datapacguisition Noise

> Thenhs: rr,Jm-)" ation noise produces
d JLU’J‘/ 9\)«._ jous figure which can

‘ ase Angle determination.
avelet Transform methodology
IS used'for the removal of this noise.

IMPEDANCE

'PHASEANGLE __



gilieAWavelet Transform (WT)

> WTis'a ‘ﬂmi—)—'ifjél signal
transtormation’which combines the use

‘of varaplertime and scale windows.

S Whenlower. frequency information is
needed; large time intervals are used

and vice versa.
A

—>

Scale

Amplitude

Time Time



jmenvaveiet Transform (WT)

zalNEWVaVeIetHrar sform is very
sensitive tordiscontinuities in time
~domaimiwhichiis typical of Eddy
- Current signals.
> It isTa'method where the transformed
time-frequency domain can be varied,
allowing for a more detailed
description of the time-frequency

behavior of the signal being analyzed.



i’ieMavelet Transform (WT)
"')' Thm tﬁe Resmtance Qriginal Signal Decnmpnmtmn_

Magab‘fom the 3 -

decompo
and ana ysed in
how many
separate
frequency
bands are
needed.



e WJ‘/:) t Transform (WT)

‘7 plo)f 2 Jvan =sddy-Current signal s(x),
| v&lutlon of s(x) with a

atifinctions Wa b (X)
set of coefficients C_ , :

IS(X) Wab(x)dx

— o0

7 A Wavelet function ¥/, , (x) has two

characteristic parameters: the scale “a” and
the position “b” which change continually.



m glv elet Function v/, , (x)

Memisﬁg parameters:

ale “a”

Position “b”

450

IS(X) Wa,b(x)dx

— ;3:




_ Function v, , (x)

t of basic Wavelet
Vapl¥)ican be obtained by the

' ting of W(x) according
rab (X)= 1 ( x-b ]

where (a,b) € R and a #=0.

400

[8(X) o, (x)d

— o




jevaveliet Function v, , (x)
zalironENnuitiplies each coefficient by
theproperily dilated and shifted Wavelet
functionyone should regenerate the
original funetion s(x). b

- #



Imeavave Jas-r nction y/, , (x)

2 Ineyele :," *r\J ationship between
thewvaveler ,,JJ-J and the frequency.
g5 :)IIJJJJ e Will produces
- cCOmpressec J let where the details
changesirapic ﬁl%.higher frequencies.
~»- With a large scale, the Wavelet is
expanded and details change slowly
with lower frequencies.




DE=ReISIn JAU ethodology

\

Y- EddyEeuUrent signals de-noising is
perfiormediby transtorming the data to
thertimefrequency domain using

'* ultiplescdle levels by a Wavelet
transtorm: "

»- A given signal s(x) is decomposed
in each scale level into an
“approximation” component A; and a
“detail” component D;.



Desnpising Methodology

zExdmpliessilevel decomposition tree
of a'sighal”s into ch roximations and
getanss = B

.
> ]
| Al D)
A W | @2

A D5

s = A3+D3+D2+D1=A2+D2+D1=A1+D1



Jppla_ g the Viethodology

_;)'fhm Steplis to separate the
iInductivelcomponent (X, ) and the
resi component (R) of the noisy

Eddy Ctge signal:

Reactance




,4 _?’TIMX,_mnd'R are multi level
freguencyldecomposed through WT-:

Reactance Original Signal Decomposition Resistance Original Signhal Decomposition

7 Ereguency Decomposition
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freguency
oughnia c e'wﬁ'tive analysis algorithm.
SIGNAL HIGHEST
COMPONENTS > d FREQUENCY

IMPEDANCE R, X, SIGNAL
ORIGINAL COMPONENTS jmr
SIGNAL DECOMPOSITION REMOVAL
l
EDDY

CURRENT
DERIVATIVE SIGNAL

DENOISED SIGNAL — B COMPONENTS
SIGNAL [ DERIVATIVE ANALYSIS RECOMPOSITION

SEQUENCE




g _ﬁVe_ tC(a b) Coef. Selection

iciesirémoval:
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ecomposmon

%Wemoval the de-noised

ancerandresistance components
osed producing a clean

gure from which the Phase
be extracted.

dare

LiSsajous
Angle c

IMPEDANCE




AE c'°~. sa]'y Slack == ‘I I I. e
the ﬁbb"e and the fuel tube

of the r g.'the greather the inductive
component variation of the Eddy
Current signal.
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Woble De-Noising

o m Xy component, @19.05mm
fuel tube with 2 artificial holes.

o ﬁ@signal was generated
{7ET equipment.

PROBE WOBBLE L

200 1000 1500 2000 2500 3000 3500 4000 Samples



- An 8 level frequency decomposition
allowed a convenient selection of the

approximation (A;) and the detail (D;)
components.



PISIng/= Haar wavelet

No@ wobble; different X,
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Gl!mg Symlet wavelet

Me Wobble; different X,
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| oiang Biortogonal wavelet
Mwﬁbbr different X,
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“ 01 INg = Daubechies wavelet

wabbre' similar X, !

"ORIGINAL SIGNAL
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cgm ons
"‘rEddy Current signals

> f 2] LJ—‘IJJL)JI c

coefﬁmen S‘Ca » » Whith the LS
characteristic parameters “a” scale

and “b” position.




ons

at; the noisy signal s must
be dec mi)\)\) J Jﬁ.:)* ch scale level into

sdppreoximation component A; and

,«J Jauﬂ”\umgo ent D, .
ol 4

oy -
g ] e S IO
27 D







Ag process of the tube.
> The Ed XCurrent Lissajous figure is
completely distorted by this noise.




sonciusions

> The'probe W‘Jbﬂ signal de-noising
OTTErsielianlerest ‘ts as it allows an
Q‘IJ‘JJJ’—‘IJT iemoyal of noise, maintaining
e essentidl sig aI information.

*) The ma_mr dology above described is
being applied In inspection automation
of fuel tubes by using a Matlab
software enhanced by artificial

inteligence.




