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Abstract—The accomplished study is based on the appointment
and identification of ageing effects and according to this absorption
of moisture of aircraft cabin components over the life-cycle. In the
first step of the study ceiling panels from same age and from the
same aircraft cabin have been examined according to weight changes
depending on the position in the aircraft cabin. In the second step of
the study different aged celling panels have been examined
concerning deflection, weight changes and the acoustic sound
transmission loss. To prove the assumption of water absorption
within the study and with the theoretical background from literature
and scientific papers, an older test panel was exposed extreme
therma conditions (humidity and temperature) within a climate
chamber to show that there is a genera ingress of water to cabin
components and that this ingress of water leads to the change of
different mechanical properties.

Keywords—Aircraft Cabin, water ingress, ageing effects, sound
transmission loss

|. INTRODUCTION

HE globa warming and new regul ations force the aircraft

manufacturer and the airlines to reduce their emissions
over the complete life-cycle of an aircraft. The aircraft
industry focuses on the reduction of emissions during
operation phase because during this phase of the life-cycle
most emissions are emitted, for example 98% of the totd
carbon dioxide emissions were emitted during this phase [1].
According to the Advisory Council for Aeronautics Research
in Europe (ACARE) the reduction of emissions during
operation phase can be achieved mainly by aerodynamic
improvements, weight reduction, new aircraft concepts and
greater capacity of the entire aircraft cabin [2].

Most of the cabin components are made of lightweight
honeycomb constructions that are able to carry high loads at
minimum weight. However it is widely recognized that these
structures are susceptible to moisture ingress related to
environmental degradation. Thermographic inspection of a
United Airlines 767 reveal ed that the nose landing gear door, a
composite honeycomb structure, contained liquid water in
7500 cm? area (equivalent to 20 kg of extra weight if the cells
were fully filled) [3]. The problem of an accumulation of
water was aso detected in the rotor blades from the
McDonnell Douglas Apache and the Boeing Chinook
helicopter [4]. Even if the examples of absorption of moisture
are related to primary structure elements of aircrafts and
helicopters and the primary structure elements are exposed
thermal conditions that deviate from the climate conditionsin
an aircraft or helicopter cabin, it is not improbable that also
the components in an aircraft cabin absorb water and increase
their weight during operation phase. One characteristic feature
is figured out for aircrafts with sandwich structures. Do these
sandwich structures consist of a honeycomb core there are
little leakages that show the following form of absorption of
moisture.
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After flights in great height in the honeycomb core arises
depression. Through this depression the honeycomb absorbs
wet air through the leakages. At an adjacent flight in great
height the wet air condensates and remains as water in the core
cells. Thisleadsto an increase in weight and furthermore there
isthe existing danger of core cracking through freezing [5].

Not only the polluting emissions will be affected by
absorption of moisture but also the physical properties of the
cabin components can be influenced and changed by ingress
of water. Both moisture sorption and thermal ageing are able
to change the physical relationship between the fibers and the
matrix in a composite: the former, degrading the properties of
the matrix itself, the latter, inducing micro-cracking inside the
structure. The micro-cracks result in a “swelling” induced in
the resin matrix through the moisture inside the composite.
This can lead to a modification of the pre-existing residual
stresses conditions in the bulk matrix and the interface with
thefibers. In general two different effects of the moisture have
to be considered on the composites:

a) Moadifications of the mechanica behaviour, directly
connected to the presence of the water in the matrix (real
time effects), which disappear for a large amount drying
the material

b) Residual modifications of the mechanical parameters
connected to “hereditary” phenomenawhich remain also
having dried the material [6].

In Addition it is known that the potential for absorption of
moisture or ingress of water is depending on the construction
of the component and on the used materials for the composite.
Li et a. figured out with infrared thermography that moisture
ingress occurred mostly in areas around hinges and grounding
studs [7]. In addition the used materials for the composite
structure influence the potential for absorption of moisture.
The potentia absorption of moisture in weight percent is
depending on the used fibers and on the used resin, for
example aramid fibers tend to absorb water up to seven weight
percent and natura fibers tend to absorb water up to 14 weight
percent [8]. So not only the construction, even the kind of used
materials for the composite structure influence the potential
for ingress of water.

So from previous investigations and literature it is known
that composite structures tend to absorb water and within this
absorption of water the composite structures change their
physical properties, for example through micro cracks. The
literature refers to basic effects of moisture absorption of
fibers and resins and the investigations done, generally
concern with absorption of moisture and ageing for primary
structure components of aircrafts and helicopters. These
components are exposed hard weather conditions (humidity
and temperature). In contrast the cabins of aircrafts and
helicopters are exposed temperature and humidity conditions
that are in general not as hard as the conditions the primary
structure components are exposed to. Therefore it is from
main interest if there are ageing effects to aircraft cabins,
especially through absorption of moisture.

1252 1SN1:0000000091950263



Open Science Index, Aerospace and Mechanical Engineering VVol:6, No:7, 2012 publications.waset.org/6002.pdf

World Academy of Science, Engineering and Technology
International Journal of Aerospace and Mechanical Engineering
Vol:6, No:7, 2012

Il. TESTOBJECT

Down to the present day aircraft cabins are built gt
several lining elements made from composite strestuThe
main components are the Sidewd#nels, Dac-Panels, Cove
Light-Panels, Hatracks and Ceilifgnels. The chosen t
object for the analysisf water ingress and possible age
effects is the ceiling panel. The reason for thasision is tha
for the ceiling panel# is assured that these components ¢
same and constant loads during its operephase and cannot
be influenced by damagethrough the passenger
discontinuous load cycles through different weighithand

Anechoic room Reverberation
room

Test object /

Fig. 2Test rig for determining the sound transmissioss loisceiling
panel:

The transition area between the mounted ceilinglpand
luggage. the adapter frames is masked with adhesive tapeanduts
in the ceiling panel are also masked with trimmadkgts an
adhesive tape. This is necessary to avoid thertrigsion of
disturbing airborne noise. The mounted ceiling pafean
The general parameters investigated in conjunctidth  Airbus A320 between the reverberation room and thchoic
absorption of water and ageing effegisre generi weight room is shown in fig. 3.
changes, the bending stiffness, measured through
deflection of the panels and the acoustic behayimeasure:
through the sound transmission loss.

Ill.  EXPERIMENTAL SET-UP FOR MEASURING DIFERENT
PARAMETERS

A. Measuring weight changes

The possible absorption of water, measured throtingt
weight differences of the panel, is determined with a scale
is able to measure with accuracy of one gr

B. Measuring deflections

The deflection of the ceiling panel provides infation
about the bending stiffness. The test rig useddéermining
the deflectionwvas built from typical “Bosc-profiles” because
the testrig has to be transportable, easy do asser
disassembleand has to be adaptable to the geometry o
tested ceiling panelsin the middle of the test rig ai
according to this in the middle dfie affecteceiling panel a A suitable acoustic source generapink noise in the
dial indicator is positionedlhe dial indicator has an accuré reyerberation room. The average determination efsbunc
of one micrometerThe used test rig is described in  pressure level in the reverberation room wrranged by a
following figure. rotating “Galgen” (see fig#).

Fig. 3 Mounted Airbu#\320 ceiling panel between reverberation
anechoic roomview from the reverberation roo

Fig. 4Rotating "Galgn" for determining average souncgues
level

Fig. 1 fést rig fr 'determination tiieceiling panels defltion
C.Measuring the sound transmission loss

The two ceiling panels were mounted between IV. EXPERIMENTATION

reverberation room and the anechoic room with s The general experimentation is divided in sevparts. At
adapter frames. The experimental -up is described first it is figured out if the ceiling panels show noticea
schematically in fig. 2. weight changes depending their position in the aircraft,

especially in the area of galleys and entrancefats
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Therefore ceiling panels from an Airbus A-600 were
inspected according to weight aeying on the position in tt
aircraft cabin.

In the second part of the investigation ceiling gle from
different age from an Airbua320 were inspected accordi
to weight differences (possible water ingreto the deflection
of the ceiling panels anhto the acoustic sound transmiss
loss. Goal of the second part of the investigatisnto
determine coherence between the named parametdra
possible absorption of water and ageingffects. To
demonstrate that there is a possible coherenceebatthe
change of different material properties and absamptof
moisture a ceiling panel from an Airbus A-600was aged in
a climate chamber under different cyc The results were
used as data basis for the investigation of agefferts anc
absorption & moisture under real flight conditions and
addition to the information from literatur

Only the experimentation for the second part of
investigation is more complex and not explanatory. So the
experimentation for determining the deflec of the ceiling
panels and the sound transmission lose&cribedn detail.

A. Experimentation for determining deflection

The test rig for determining the deflection of difént
ceiling panels was already shown in fig. The ceiling panel
was deposited on the test rig and the dial indicatas
balanced. After that the ceiling panel was loadeth vour
different load factors. The sequence of loading Meg 3Kg,
5kg and 10kg and is displayed in fig. 5.

»
Load factor: 3kg

Load factor: 10kg
Fig. 5Sequence of loading the ceiling pai

Load factor: Skg

The deflection of the ceiling panel was taken fribra dial
indicator after every load factor.

B. Experimentation for determining the sound transmission
loss

The transmitted sound intensity throi the ceiling panels
was measured three times for every ceiling pandle
intensity sensor was guided in three different waysr the
area of the ceiling panels.
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After having mounted the ceiling panels between
reverberation and anechoic room in thverberation room the
acoustic source generates pink noise. The adjusteshd
pressure level within the reverberation room wasmed for
the analysis and is displayedfig. 6.

120

80 /

60

40

Sound Pressure (dB)

20

10 100 1000
Frequenzy Hz (Logarithmic Scale)

Fig. 6 Sound pressure in reverberation rc

10000

After having switched on the acoustic source,
measurement of the sound intensity started. Therefbe
sound intensity probe was guided meander shaped the
area of the ceiling panel. The three different gdidvays o
the sound intensity probe « the area of the ceiling panels
are displayed in the next figu

3. Measurement

2. Measurement

1. Measurement

Fig.7: Course of the sounatensityprobe for the three measurements
of one ceiling pan

With the recorded sound pressure in the reverloeratiom
and themeasured sound intensity it is possible to detes
the transmission loss for the frequency range f&0hiz to
10000Hz. This is the relevant frequency range lierdviatior
industry.

For the determination of the transmission lossait b be
consideredthat an adjustment of the law of mass has ti
accomplished, if there are any weight differencetsvben the
ceiling panels.

V.RESULTS

A. The influence of the position of the ceiling pandl to
weight and water ingress

In the first step of the investigationwas inspected if there
were conspicuous weight differences between cetiagels
depending on their position in the aircraft. Theipon of the
inspected ceilingpanels is displayed in fig.; the only
difference between the red and green marked c panels is
that the red ones contained lam
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Fig. 8 Position of ceiling panels in the cabfran Airbus A30-600

The position of the ceiling panels was compared wlite
measured weights of the ceiling panels, showfig.9 and fig.
10.

A300-600 Ceiling Panels with lamp
3320
3284
3280 3264 22 3280
0 M Panel 11 (LH)
E 3240
bo M Panel 12 (RH)
g 3200
Panel 13 (LH
@ 3160 anel 13 (LH)
=3
2 3120 M Panel 14 (LH)
[}
> orm M Panel 15 (RH)
3040 - M Panel 16 (LH)
3000 -
C22-C24 (C22-C24 C41-CA3 C47-C49 C47-C49 (C53-C54
Frame position
Fig. 9Measured weight of ceiling panels with la
A300-600 Ceiling Panels without lamp
2950 2925 Panel 17 (LH)
—52900 Panel 18 (RH):
%2850 2852 panel 19 (RH)
] M Panel 20 (LH)
;2800 2784 2760
3 2772 M Panel 21 (RH)
52750 1 "~ mPanel 22 (RH)
©
§2700 g M Panel 23 (LH)
= 4 Panel 24 (LH)
C24-C26 (C39-C41 C49-C51 C51-C53 C51-C53 C54.1-C54.3 C54.3-C56 C59-C61
Frame position

Fig. 10Measured weight of ceiling panels without le

There is no coherence between the measured weagit
the ceiling panel’sposition in the cabin. The ceiling pan
differ in their overall weight but this is not deykent on the
position of the panel in the cabin. So there isnoticeable
weight impact to ceiling panels that are mountethmarea o
galleys and entrance/éxioors. Instead the deviations in
weight of the ceiling panels might result in marutfaing
tolerances.
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B. The change of material properties by artificial ageing in
a climate chamber

This investigation gives information about the hebar of
composite structures after absorption and dischaod
moisture and shall confirm the results in literatufor
composite structures.

In the first step the ceiling panel was dried -cycle: 65°C
and humidity of 0%) until saturation. After 379 mswdrying
the panel saturation arose and the ceiling paneght
decreased by 1, 39% from starting weight. Aftet tha pane
was exposed a welycle (35°C and humidity of 85%) un
saturation. Theweight of the ceiling panel increased by
66% from starting weight until saturation. The asvfor
saturation after having exposed the panel the wettke dry
cycle are shown in fig. 11.

2945
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—— Saturation Dry-Cycle
(65°C & 0% r.H.)

Saturation Wet-Cycle
(35°C & 85% r.H.) -

N
X<}
=
v

Weight (g)

N
o
o
w

2895

2885

0 200 400 600 800
Time (h)

Fig. 11Absorption and discharge humidity until saturation

Parallel to the saturation process of the ceiliaggb the
deflection has been measured several times forcéileng
panel during wet and dry cle (test rig is shown in fig. 5).
Thes results are shown in fig. .

w

&
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£
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=

Deflectisn (mm)
LN LW »

Wet-Cycle |-

o
«n

o
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Fig. 12Deflection of ceiling panel depending on the clie-cycle

10kg

As shown in fig. 12the deflection of the ceiling panel
greater when the ceiling panel absorbs water ireaclimate.
After exposure the ceiling panel a wet and diimate, the
ceiling panel was exposed a changing climate, Virst, thar
dry and again wet. Depending on the climate cyléevteight
of the ceiling panel increased or decreased. Theseri
climate cycles are described in fig..
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Fig. 13Climate Cycles for determination of changes in Wweand
deflection

Fig. 14 describes the changes in weight depending ot
climate cycle. It becomes apparent that the weigtitease:
during a wet cycle and decreases during dry cy

2950 -~
2940 +
C
£ 2930 -
o0
S 2920
2900 T T T 1
Starting 1. Cycle 2. Cycle 3. Cycle
Weight (Wet) (Dry) (Wet)
Cycle

Fig. 14Weight changes during wet and dry climate cy

In coherence with the weight, the deflection of tedling
panel to the depending climate cycle has beenrmeted. In
this process it is conspicuous that the deflectilmes no
return in the origin deflection after having drigd panel (se
fig. 15).

4.5
_40
£
53.5
c3.0
2
2.5
2
%2.0

s
e 1.5 /

1.0 —&— 3.Cycle (wet)

Starting
deflection
1.Cycle (wet)

—=— 2. Cycle (dry)

0.5 ra
0.0 T T T T T T T T T !

1kg 2kg 3kg 4kg Skg 6kg 7kg 8kg 9kg 10kg

Load factor

Fig. 15The influence of changing climate cycles on thdedion of
a ceiling panel

The tests in the climate chamber are accordattetodsult:
and information from literature. Depending on thHamate
cycle, the ceilingpanel absorbs or discharges water. And
absorption of moisture leads to persistent chanmgeshe
structure of the composite because the deflectioms dho
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return in the initial conditions. With the genekalowledge
about the behaviour of compositructures under wet and dry
climate conditions and with the composites behavighen
absorbing water it is easier to analyze real agaiffigcts tc
cabin components through absorption of mois

C.Examination of material propertiesfrom different real
aged ceiling panels

General apprach of this investigation is to determine
change of material properties owthe life-cycle of an aircraft
cabin.In general it is hard to give a correct statememétiver
cabin components have absorbed water becauthe panels
manufacturing tolerances. But it is assumed thainc
components absorb water because there are geneigtht
differences from date of manufacturing until thetedaf
integration into the aircraft cabiFig. 16 describes the weight
of differert Airbus A320 ceiling panels after manufactur
and before their integration into the aircraft cabtirst of all
it becomes clear that there is a deviation in #iBng panel’s
weight that might result in manufacturing tolerasu
Furthermore the welg of the ceiling panels increased u
these panels are integrated into the aircraft caoinit is
assumed that the ceiling panels absorbed watanglthie time
between manufacturing and integration into theraftcabin

5300
_ 5200
;‘—: 5100 1 I B Manufactured
‘@ 5000 A Weight
= 4900 Inll |II I O Measured Weight
4800 - | I ‘ I | I in FAL (Integration)
QY R Q¥ QT QT QT QT R Q

Fig. 16Weight differences of ceiling panels after manufécig and
before integration into the cal

For the investigation of real ageing effects of in:
components, ceiling panels from different age héemn
examined according to weight, deflectiond the acoustic
sound transmission loss. The ceiling panels
manufactured in the year 1988 and 1998, so theselg
feature a difference in age of ten years but feathe sam
material properties.

For this investigation the weigof four ceiling panels from
the year 1988 and 1998 has been determined. Thksrase
shown in the followindigure.
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Fig.17: Weight of different real aged ceiling panel

It becomes apparent that the weight of the ceipiagels
from 1988 is higher than the weight of the ceilipgnels
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5 i
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10 100 1000 10000
Frequenzy Hz (Logarithmic Scale)

Fig. 19 Transmission Loss of different aged ceiliagels

In the area between 50 Hz up to 200 Hz and in thka a

manufactured in 1998. This might result in a pdssibbetween 1000 Hz up to 10000 Hz the sound transomdess

absorption of moisture; however manufacturing thees
cannot be excluded.

With the results from the investigations in thenuie
chamber the deflection of the ceiling panels frdme tear
1988 should be higher than the deflection from tleding
panels manufactured in 1998. But the determineldctésn of
the ceiling panels declares completely the oppositee
deflection of the ceiling panels manufactured in9&89s
greater than the deflection of the older panelsufentured in
1988 (compare fig. 18).
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e o
o
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ake Lgléﬁl Fa‘é%r 7k8

Fig. 18 Deflection of different real aged ceilingnels

So the expected result is missing. The reasorhfsrrésult
could be that there was no absorption of moisture the
difference in weight is only the result from marattaing
tolerances. This would also give the reason whydgfeection
of the older panels is less than the panels fror881%he
panels in 1988 are heavier through the manufagpiocess
and this could raise the bending stiffness of thegs and
decrease the deflection. In addition to the weigtnd
deflection the sound transmission loss has beerrdeted for
one ceiling panel from 1988 and 1998. Both panetsew
integrated at the same position in the aircraftwben frame
C47 and C49. The sound pressure in the reverberatiom
was already described in fig.6. The transmissias lfor the
ceiling panels from 1988 and 1998 is figured in fi§.
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of the ceiling panel, manufactured in 1998 is higtinan the
sound transmission loss of the panel manufactunetloB8.
The ceiling panel from 1998 has a higher deflectan
according to this a lower bending stiffness thanpghnel from
1988. This could be the reason why the sound tressson
loss in the frequency area between 50 Hz up toR20@&nd
between 1000 Hz and 10000 Hz is higher than forcikng
panel manufactured in 1988.

Furthermore it becomes apparent that
transmission loss of the ceiling panel from 1988val as the
ceiling panel from 1998 follows the acoustic lawneéss and
features nearly the same incline in the frequemey detween
315 Hz and 1000 Hz like the acoustic law of mags [9

But seen from these results it is hard to defineiray
effects for cabin components under real cabin dima

the sound

conditions because of the general appearance of
manufacturing tolerances. Through the present naatwfing
tolerances it is hard to make a statement aboubssilge
ingress of water.
VI. CONCLUSION
There are weight differences between the tested and

investigated ceiling panels. The deviations in \weigsult in
manufacturing tolerances and the position of thkngepanels
in the aircraft cabin has no influence to the oegilipanel's
weight and a possible ingress of water. Throughathygearing
manufacturing tolerances it is hard to identify tliferences
in weight as the result of absorption of moisture. clearly
identify absorption of moisture, it will be necessato
examine the composite structure on the microsclayier, for
example with a scanning electron microscope.

However it is assumed that the composite structabssrb
water because from point of manufacturing until goént of
integration there was an increase in weight forousr ceiling
panels.

The results achieved with the tested ceiling pairelthe
climate chamber are conform to the theoretical gemknd
information from literature.
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The results achieved with the ceiling panels agateureal
cabin climate conditions do not behave as if thegoabed
water because the deflection according to the weaigks not
provide the same and expected results that wereé\eth
within the climate chamber. A reason for the défece in the
results might be the manufacturing tolerances tmxdhey
have an influence to the ceiling panel’'s weight asdording
to this to the deflection, to the bending stiffne§the ceiling
panel and to the acoustic sound transmission lassther
reason for the different results might be thatréed climate in
an aircraft cabin avoids great absorption of moéstar that
the absorption of moisture is too low to recogngeat
changes in the tested material properties.
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