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1 Intr oduction

Theincreasinguseof polymermatrix composiésin aircraft structuralpartscalls
for abetterknowledgeof the long-termpropertiesn cyclic hygro-thermatonditiors.
For example,the new A380 aircraftis composedf compositestructuralpartsthat
are morethan 20 mm thick. In suchcaseswet-ageingpartially characterizedsa
through-the-thetknesswvaterconcentratiorprofile, evolves over severaldecadesWet-
ageingis, typically, so slow that characterizaon experimentsbasedon direct repro-
ductionof the hygro-trermal cyclesare not possiblewithin the developnenttime of
theaircraft. Theidentificationof cyclesleadingto comparableéhrough-the-thtkness
waterconcentrationgn shortertimeshasbeenproposediusinga Fickian waterdiffu-
sionmodelin [7, 8].

This article presentsa rigorous methodolog and software developmentfor the
identificationof acceleréedwet-ageingeycles. Dependingon the formulation,identi-
ficationtime andwaterconcentratiorprofilesaretreatedeitherasobjectie functions
or asconstraints.The resultsof the differentidentificationsexhibit the trade-ofs that
exist betweerwaterprofile accurag andexperimentime. Thenumericaimplementa-
tionis performedn theLAMKIT(©) software([3]), whichis anobjectorientedplatform
for theanalysisandoptimizationof compoge laminateq[4]). An applicationis given
for athick andhumidlaminate.

2 Accelgated wet-ageing problem formulation

Let c(¢, z) beanavailable through-he-thicknessvaterdiffusion model,wheret is
the time and z the thicknesslocation. In this case,it is the one-dimen®nal multi-
materialFickianmodelincludedin LAMKIT ([2]). Theaccelertedwet-ageingnverse
problemdeterminegshermalandhygral externalconditions,T'(t) and H (), suchthat
two criteria, ¢ rinq and.J., areproperlycontrolled: ¢ 4, standdor thetotal condition-
ing time and.J, is the averageEuclideandistancebetweerthe targetwaterprofile and
thewaterprofile attime ¢ ;.
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Thermaland hygral cycles are parameterizeds nt plateausof value T; or H;,
respectrely, startingat ¢; ; andfinishing at ¢;. nc cycles are then repeated. The
identificationvariablesaresummedupin thex array

T € {(tl —to),...,(tnt —tntfl), Tl---Tnta Hl---Hnta 7’LC} . (1)

Now thattheacceleatedageingvariablesandcriteriaaredefined two constrained
mono-obgctive optimizationproblemsaresolved! :

minw tfz'nal

(P, suchthat.J, < Jbm
andz™" < g < gmer
min, J,

(Py) suchthatt pinq < t47,

andxmin S T S rme

(P;) minimizesthe conditioningtime suchthatthewaterprofile is nottoo distantfrom
thetamget,andvice versawith (P;).

3 Application

A 20 mm thick graphite-epoxystructureis consideredvherethe saturationrmass
andthe coeficient of waterdiffusionare

M, = 0.001H®, (2)
D = 6.10"%exp(—2500/T) . 3)

Thetamgetconcentratiorprofile (symbol+ in Figurel) is humid (about0.75% of the
mass).A first (P;) identficationis performedwherethe maximum distancebetween
thewaterprofilesis J“™ = 0.02 %. Thesix continuousandboundedvariableg(nt =
2) are( < T1,T2 <100°C,0 < Hl,HQ < 100 %, 0< (tl — to), (tz — tl) < 200 h.
The numberof cyclesis fixed at nc = 5. The problemis solved usingthe Global-
izedandBoundedNelderMeadalgorithm[5]. A trivial solutionis obtainedwhereall
variableshit their upperbounds(maximun times,temperatureandhumidties). The
total conditioming time is 2 x 200 x 5 = 2000 h ~ 83 days Despitethe very fast
diffusion conditionscreatedoy this tuning, the specimercenteris not humid enough
(seeFigurel). Clearly alongerconditionnng is necessary

LA third problemassociatedo the multi-objective formuation

minz tfinal
(Piy) andmin, J,
suchthatz™" < g < g™ma

canbesolvedusingLAMKIT but, for concisionit will notbediscussedhere.
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Figurel: Comparisorbetweenatargetwaterprofile andthreeaccelerate@geingsof
varioust finq;.

The (P,) identificationis thereforerepeatedbut the largestpossibé experiment
time is increasedy thefollowing changes nc = 20 cyclesaremadeand( < (¢; —
to), (ta — t1) < 400 h. Thesoluion is t; = 383. h, t = 688. h, Ty = 100. °C,
T, = 100.°C, Hy = 85. %, Hy, = 87. %, whichhast s;,,, = 13776 h = 574 daysand
J. = 0.0207 . The correspondingvaterconcentratiorprofile is plottedin Figure 1.
This solution is not satishctorybecausehe conditonningremainstoo long.

In orderto betterunderstandvhatis feasiblein termsof concentratiorprofile re-
semblancavithin arealistictime, a (P;) identificationis carriedout. The maximunm
conditioming time is setto 4", = 270 days. The discretevariable “number of
cycles”, ne, is addedto theidentificationvariablesz. Becausehereareboth contin-
uousanddiscretevariables,an evolutionaryalgorithm([1, 3, 4]) that handlesmixed
variablesis usedfor solving the optimization problem. The solution is nc = 10,
t1 = 375. h,ty = 649. h, Ty = 97.°C, Ty, = 97.°C, H, = 98. %, Hy = 94. %, which
hast i, = 270 daysandJ. = 0.112 . Theassociate@¢oncentratiorprofile is plotted
in Figurel.
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Concluding remark

The careful identification problemformulation and programmingperformedfor

the LAMKIT projecthasbeenappliedto the acceleréion of wet-ageing.Similar work
is undervay to acceleraténelastc strainssettirg ([6]).
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