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1 Introduction

SAMCEF Mecano is a general implicit non-linear s@ite developed by Samtech [1]. For the past twosyea
several improvements have been made in SAMCEF Mecancerning the analysis of inflatable and memdran
structures. Most of the developments have beefedaout under an ESTEC contract, in the frame oSPISS
project — Professional Analysis Software Tool fofldtable Space Structure [2,3,4].

The developments cover different aspects. In tldpep, we give a general overview of the different
capabilities.

The first point concerns the choice of the finikengent. We have chosen a shell without rotatioeairees of
freedom as main element for this kind of applicatiBecause there is no bad conditioning with i, stiffness
matrix becomes equal to the one of a membrane elewieen the element is very thin. The second pigint
related to the strategy of resolution. Since asitas Newton-Raphson strategy is not well suitedlics kind of
structure, we present several alternatives.

The other topics are related to a material withesistance in compression, to the measure of tieenial
volume, to the production of gas, to the definitioh the initial free geometry, to the computatioh o
eigenvalue...

2 Shell without rotational degrees of freedom

In an inflatable structure, the thickness is veryal. If classical shell elements are used, nuraéric
difficulties arise because the order of magnitulithe stiffness terms linked to translational degref freedom
is very different from the one linked to rotatiomtggrees of freedom. An alternative consists ingishembrane
elements but, in this case, it is not possibledgbthe wrinkling pattern and the computation isls&ble. The
solution is to use a shell without rotational degref freedom: when the thickness becomes veryl sival
stiffness matrix becomes similar to the one of antm@ne element.

The element is closed to the one described in.[5,6]

2.1 Flexural behavior

For the flexural behavior, we start from a triangleere the unknowns are the translational displacgsnof
the corner nodes and the rotations around the ddgecurvature and the moment are constant ovezlément.
This last can be seen either as a non-conformisglaiement element or as an equilibrium elemeris iBha
Kirchhoff plate element. It is a classical elemdrite flexural energy can be written as:

o

From these 6 degrees of freedom, we can extradgi@ body modes and 3 deformation modes. As
deformation modes, we take the difference between the rotation around thgeexhd the rigid rotation. In the
element without rotational degrees of freedom, amputea as a function of the positions and displacements of
a patch of elements (Fig. 1). We look at edge ABheftriangle. C is the third point of the triangied D is a
point of the patch of elements.
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Fig. 1. Patch of elements, computation of the relativation

The relative angle between the 2 triangles is gasiinputed. In nonlinear analysis, the moments mie @
the current value ofr minus the initial valuelt is worth noticing that, as the relative rotatimrmound the edge is
a scalar, we do not have any problem with largatiat in nonlinear analysis. As the rotation is computed

by an updated procedure, the solution does notrdkepa the size of the time step for nonlinear statialysis
with linear material, as far as convergence ishedc

Special treatment is needed at the boundary. $der[the adopted solution.

2.2 Membrane behavior

For the membrane behavior, we follow the solutidoed in [6]. First, the strains are computed loa t
element patch as for a 6 node triangular elemdrgnTwe compute the mean strain on the centralgiea With

this procedure, the membrane behavior is much rtéan the one of a constant strain triangle andely
similar to the one of a second order element.

2.3 Numerical example

The first example is a classical linear problemdCproblem, see Fig. 2). In this test, we only gttide

membrane behavior and we compare the developecetem classical first order (constant strain tyleh and
second order elements.

Fig. 2. The Cook problem

From Table 1, it can be seen that the solutioniobtawith the present element is much better thenane
obtained with a classical first order element, whias the same number of degrees of freedom.

Table 1. Results for Cook problem. Displacement associttede load

1% order 2% order Present element
2*2 11.97 26.28 22.72
4*4 18.26 26.03 24.54
8*8 22.00 25.37 24.24
16*16 23.41 24.82 24.10

32*32 23.85 24.47 24.06
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The second example is a classical non linear ginebllem. It studies the snap-through of a cylirgrighell
(Fig. 3). The straight edges are pinned and theecledges are free. Only a quarter of the modebnsidered.
We look at the curve external force / displacememder the load (Fig. 3). The result is similar e tone
obtained with classical shell elements.

Fig. 3. Snap through of a cylindrical shell

3 Resolution methods

It is well established (see for example [8,9,10Bttusing a Newton-Raphson approach for determitiing
structural shape during a slow inflation process kead to large oscillations and lacks of convecgerThe
difficulty comes from the small stiffness of the migrane in the transversal direction. As soon aetlsea little
compression in the structure, wrinkles appear. &lage several equilibrium states which have neadysame
energy but have different buckling patterns. Thekting pattern can change in function of the loadtér. The
convergence of a classical Newton-Raphson schegmntes difficult. To circumvent this difficulty, axplicit
scheme can be selected [9], that provide someianevbiding large movements of the nodal positi@®iace it
requires tuning of damping parameters, undesirdylgamical effects can occur, leading to a non sgali
inflation process simulation.

We developed 3 kinds of approaches in order tottiedequilibrium states in an implicit way. In tfst one,
we compute the energy of the system and we lookhminimum of energy, using an optimization appio
In this case, a Newton-Raphson scheme is not usetie second approach, we modify the Newton-Raphso
scheme: we do not iterate with a tangent matrix,weiskip some terms in this matrix in order tdbdize the
iterations. In these two approaches, an equilibrisimeached. It is not sure it is linked to a glotménimum of
the energy, it can be a local one. In the thirdr@apgh, we perform a Sturm sequence at the endcofstep to be
sure that the solution is stable. We reduce the aiizhe time step if it is not stable and we agidashic effects
in order to go from one pattern to another one.

3.1 An optimization approach for the inflation process simulation

Comparison between the Newton-Raphson and the optimization schemes

In both numerical schemes, the variable nodal jpositare updated according to the following rule,

D = g8 4 4g®)

whereq® is the vector of positions at the actual iteratiorwhile ¢**? is the updated vector. Those new
positions are obtained for computed search directfband step lengtlr. Calculating the parameteris known
as the line search procedure.

In the Newton-Raphson approach, the search direé§iccomputed based on the tangent stiffness matrix
(second order information). It involves the solatiof successive linear approximations of the elpilim
equations, with all the difficulties that can béated to it, as an ill-definiteness of the tangewaitrix that often
occur in the problem under interest. A unit stapgte a=1 is classically considered, although some linecdear
capabilities are sometimes available.
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In the optimization approach, we rather try to fihé minimum of the total potential energy of tlystem.
Since several optimization techniques exist, atrigethod selection can be made according to thblgmods
features. For example, using a first order minitidratechnique will avoid any troubles with a pdgsiill-
definiteness of the tangent matrix. Additionalliffetent ways for computing the descent searchctiva could
be easily combined.

Considered optimization problems

The three kinds of optimization problems are reguobiin Fig.4, namely unconstrained, quasi-uncomstdi
and constrained optimizatiornis the objective function to minimize over thewadq={q, i=1,n}.
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Fig. 4. Three kinds of optimization problems: unconstrdjrguasi-unconstrained and constrained

In the frame of inflated structures, the nodal poss (displacements) are the unknowns. Lookinghat
minimum of the total potential energywill lead to the (an) equilibrium state. In thiase, an unconstrained
optimization method is needed. When the value ofesdegrees of freedom is restricted, or when sdntfeemn
are linked, the problem becomes constrained, argtalcgian multipliers characterize the activity bbse
restrictions. Such formulations are used when rigidy elements are considered, or when the probieludes
contact conditions. In this case, a constraineguasi-unconstrained optimization method is necgssar

Optimization strategy for inflated structures [10,11]

Since general constrained optimization problemstrbassolved, a constrained optimization techniquestm
be considered. Different optimization methods arailable: Sequential Convex Programming [12,13],
mathematical programming [14,15,16], etc. Afteestd campaign [13], the augmented Lagrangian meilasd
found to be appropriate and reliable (Fig. 5).
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Fig. 5. Iterative augmented Lagrangien optimization metfidee solution of the constrained optimization peobis
replaced by the solution of successive approximatednstrained problems.
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In this approach, belonging to the sequential ustained minimization techniques, the solutionhef initial
constrained optimization problem is replaced by #wution of successive approximated unconstrained
minimization problems (approximated in the sensg the Lagrangian multipliers and the constraimés anly
exact and satisfied at the solution). The develagroésuch a technique requires two steps deschbéxiv.

The constrained optimization method

The way to transform a constrained optimizationbpgm into an unconstrained one, which includes the
evaluation of the Lagrangian multipliers, is delsed here. The optimization problem writes:

min 7 subject to c§(@)=0 j=1..m°
q
ci]- (q)zO i =],...,mi
gisqisai i=1..n
and is transformed as
minL4(q,A)
q
gi <g g i=1..n
m® me o m . . mi., \2
where L,(9,A) = n+kzl/l?c‘f(q)+5p Z(C‘f(q)) +kzl/l'jc'j (q)+5p Zl(c'j (q))

The Lagrangian multiplierd associated to the constraints are updated witimple but efficient steepest
ascent approach in the dual space [17], by compdhia optimality conditions of the augmented Lagran
function with the stationarity conditions at thetiopal solution. It comes that:

kAT = KA + pej with 4;20, j=1..m

For the inequality constraints, the dual varialvlesst always be positive; for equality constraititejr sign is
not restricted. In our applicatiols p, and only equality constraints have to be considler

The unconstrained optimization problem

The conjugate gradient method is selected. It @trsolving the following quasi-unconstrained mirgation
problem:

min f subject to g, <q <q; i=1..,n
q 4

wheref is a general non linear function. Hefe, L, is the augmented Lagrangian function given ab®heés is a
first order method, that is the tangent matrix etdsave to be computed. The search directionvsmgby,

0 = g 4 gD kD

where the scalgf is the conjugacy parameter. The step lergih computed with a line search based on a cubic
interpolation in the general frame of the Wolfe ditions [10,16]. For saving computational time,sthine
search process is not exact: only an approximatedrmam is looked for along the computed searchdtiioa
(Fig. 6). Since the functiohis not quadratic over the nodal positiansand as the line search is not exact, the
conjugacy parametg?is computed with the Hestenes-Stiefel formula]5416].

Features of the developed optimization method and recommendations

When the optimization method is used, slow conuergecan occur for large scale problems, that i wit
more than 1Ddegrees of freedom. Given that the second ordernmation (tangent matrix) is not used, the
quadratic termination of the Newton-Raphson sotlusoheme is lost. A second reason for slow converyes
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related to the iterative process required for updathe Lagrangian multipliers in a constrainediroptation

problem.
Additionally, it should be noted that some the@atiimitations exist regarding the use of a pagrtinction
related to the pressure. It is impossible to findotution when free edges appear in the structheg, is the

inflated structures must be closed.

v

mf(0)

Fig. 6. The Wolfe conditions defining an approximated minm along the search direction.
Good candidates are located in the se#dl,

Numerical example
In this section, an initially flat circle lifesavewith an internal square outline is considered. Tmedel

includes 14222 degrees of freedom. The shapesvipdifferent pressure levels are reported (Timé&satd 1).
As the problem is symmetric, only the upper halfraf structure is considered. Four different indlatsituations
are investigated. The first problem doesn't inclaa nodal restriction (Fig. 7). In the second dhe, vertical
displacement of a quarter of the set of nodesm#tdd to an upper value (Fig. 8). In Fig. 9, a figid part is
modeled: the nodes lying in this part must stathensame plane during the inflation process (wiad$ to 990
equality constraints in the optimization problefanally, the contact between the inflated structane a rigid

sphere is studied in Fig 10 (1101 equality constsi
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Fig. 10. Solution with a contact condition for 2 succesgivessure levels

3.2 Modified Newton-Raphson scheme

Principle

During the iterations, some compression appeatténstructure. The iteration matrix is no more wigi
positive. The variation of the displacement durioe iteration can be very large and convergenceots
reached.

A classical modification of the Newton-Raphson soheis to iterate with a constant matrix. This
modification is mainly done for performance not é@nvergence problem.

If we look at the tangent matrix of the elemengréhare two parts. The first one is proportionahi® Hooke
law and takes also into account large rotationthefelements. The second one is proportional tcsthee of
stress and is called geometric stiffness. We Idotha terms in the geometric stiffness which dependhe
normal forces. In the modification we perform, welyotake into account the positive normal forcestha
geometric stiffness. As we do not have a tangentixpave increase the number of allowable iteragidiuring a

time step. The convergence is not quadratic.

Numerical example

As example, we simulate the inflation of an airb@ée start from a flat disk and we apply a pressuret.

Figure 11 shows the deformation for different valoéthe pressure
The first difficulty is at the beginning of the dysis because there is nearly no transversal tigioéfore

there are some traction forces in the membrane sidgeof the first time step is automatically chroge such a
way that at the end of the first iteration, whishequivalent to a linear analysis, the rotatiorssanaller than a
given value (0.2 rad for instance). Once a pressupgesent, there is a traction normal force amthsre is a
transversal stiffness.

The next difficulty is when the number of wavesrgjahe circumference changes. Several iteratioas ar
needed and the convergence is not uniform. Inrtf@thod, we check that the solution is in equilibrjlbut we

do not check that it corresponds to a global mimimoi energy.
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Fig. 11. Inflation of an air bag

It is seen from the results that the wave lengtireleses when the pressure increases. At the enstrtitture
is very stiff and convergence is easy to reachméimbrane elements are used instead of shell elepibet
buckling pattern is less smooth.

3.3 Buckling pattern

Principle

In this case, we want to have the buckling pattehnich corresponds to a global minimum of energyih&
end of the step, when the convergence is reachegeriorm a Sturm sequence on the iteration mdfrsome
eigenvalues are smaller than 0, it means thattthetsre is un-stable and that there is anothefigoration with
less energy. The time step is rejected and a mew/diep is restarted with a smaller value.

In this kind of structure, this configuration iseated by a change in the buckling pattern. We hag® from
a configuration to another one, which may be naoineated in such a case. A classical Riks like miethaot
sufficient [18]. In order to go from one branchawother one and to get convergence, we add irtertias. As
we are not interested in the dynamic effects, veeauslewmark scheme with non-standard valug fandy. We
choose values which give a large numerical dampirigor which the scheme is un-conditionally stable

In order to be simple, we keep this scheme dufiregwthole analysis. It can be checked in post-psicgs
that the inertia forces and the kinetic energyeigligible except when there is a mode change.

Numerical example

As example, we take a rectangular plate subjeatedhear [19]. Figure 12 shows isovalue of translers
displacement for different load level. It can bers¢hat the number of wrinkles increases with taling, and
that the wave length decreases. A small geometngagrfection is introduced.

Fig. 12. Transversal displacement for two load levels
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4 Equivalent material

In inflatable structures, the thickness of the meamb is very thin with respect to the other dimensi The
buckling loads are very low and wrinkles appeart Bhe post-critical path is stable. Depending oa th
application, it is important to have a good nuredriprediction of these wrinkles. In this case, ayvéne
element mesh is needed, like in the previous exaniplsome cases, only the global behavior of thetire is
looked at, and it is not important to simulate wrénkle pattern. In this chapter, we deal with theases.

In order to take into account the buckling, thestitative law is changed. It is assumed that théenel has
no resistance in compression. Using an implicivesowith a Newton Raphson scheme, if the resistance
compression is equal to zero, convergence probtemsarise, especially if the two principal direogoare in
compression. In order to improve the convergence,imtroduce a small resistance in compression. The
difficulty with this resistance in compression ligtinteraction between the two directions due tgsem effect,
in order to have a continuous response between different states of stresses (traction/traction,
traction/compression, compression/compression).défene a stress potential in order to specify tretemal
behavior.

We restrict the analysis to isotropic materialvdrich the principal stresses and strains are gdrall

4.1 Theoretical aspect

We start from the behavior in principal axes anddeéine a stress potential in function of the Zpipal
stresses:

*:é[F(al)—VU]_Uz +F(oy)]

& ou */60'1

U */d0,

0F/d0, -vos
-voq,+0F/d0,

1
E

&2

In case of a standard elastic material with a t@st& in compressiof, will be a quadratic function of the
stress £ = ¢%/2). We now consider a material where the modulugdntion isE and where the modulus in
compression is smallekt, k<<1). TheF function is taken equal to:

2

if 020 then F = %
0.2

it <0 then F= Z-

We can now look at the different cases. In castauftion in both directions, we get the standambtat
material. In case of a traction / compression behawe have:

o,—-Vo
& 1 2 1 -v|o;
Jl > 0,0'2 < 0. 1 :l 0'2 :i 1
& E_V01+T El-v Ykl|o,

g  E |1 kv|g

oyl 1-kv? kv k&

Whenk becomes small (equal to 0), we find an uniaxi&lawgor. With this bilinear behavior, we have a dmal
stiffness in compression. No singularity arises mltlee stiffness in compression becomes equal tdhe.
behavior is continuous when the state of stress §oen a traction/traction state to a traction/coesgion state
or to a compression/compression state. There lspe sliscontinuity at the origin. One way to havenaooth
transition between traction and compression is hange theF function. The curve corresponding to the
derivative ofF will haveE as slope for a large positive strain &idfor a large negative strain.

Once the material behavior is well defined in pipat axes, it is easy to define it in XY axes as ghincipal
axes for the stress tensor and the strain tensddantical and as there is no history in the dariste law. For
the stresses and strains, nothing special musaide Is the tangent constitutive law, we take iatzount the
rotation of the principle axes. More details on ¢lggiations can be found in [20].
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4.2 Numerical example

We use a static implicit scheme; no mass is takndccount. A Newton scheme is used in orderdolrehe
equilibrium.

As element, we use the shell without rotationalrdeg of freedom. The material without resistance in
compression is used for the membrane behavior fl€Raral behavior is classical. The flexural belvelps
the convergence at the beginning of the analysiemthe traction in the element is low. When thetioa
becomes large, as the shell is very thin, the fleXoehavior becomes negligible.

The example is an airbag inflation. The initial gestry is circular, the radius is equal to 0.35,tthiekness to
0.0004, the Young modulus ta¥’, the Poisson ratio to 0.3 The applied pressuegigl to 5000.

A reference solution is made with a fine mesh (B08@ments) with a classical elastic material. FéglG.a
shows the deformed shape, the mean principal memalstaesses are plotted on Figure 13.b.

Fig. 13. Reference mesh, a) deformed shape, b) principessts

Two coarse meshes are build. One with 310 elemamisone with 35 elements. Figure 14.a shows the
principal stresses results obtained with the dtassinaterial and Figure 14.b with the material wathsmall
resistance in compression. We take a module equak10* in compression. Without any resistance in
compression, convergence is difficult to obtaimistatic analysis. Table 1 provides the centrglldéement for
the different solutions. It can be seen that tHetem with the material with the small compressisivery stable
and is close to the solution obtained with the fimesh and the classical material.

Table 2. Central displacement

20000 elements310 elements 35 elements

Classical material 0.175 0.173 0.165
Small compression 0.175 0.175 0.175

;f w*v\ %k\

><
/f tr ff 7‘ ++ \\\
X /z“ \ .

][/‘L-]L % {
L f}\/ K 1‘/\,1,‘

Fig. 14. Principal stress, a) classical material, b) matevithout compression
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5 Volume measure

In inflatable structures, it is often importantkoow the internal volume and to have a relatiorwken the
internal volume and the internal pressure. Onetigolus to use fluid elements and to perform adisiructure
interaction. Generally, especially in static analyshis kind of solution is not needed. We adopthaaper
solution.

We compute the internal volume by a boundary imtegrsing the shell mesh as boundary. The volume is
linked to one additional degree of freedom. Thedaronjugated to this degree of freedom is a pres$ither
we can prescribe a value to this degree of freegiofanction of time (internal volume imposed), oewan
apply a force (internal pressure imposed) or intoeda special law on it (relation between presanckinternal
volume).

The volume is computed by the following equation:

V= fav=[xT(x  x X, Jdedn
\% S

We introduce a kinematic constraint with a Lagrangstiplier. A classical Lagrangian approach isdjsbe
Lagrange multiplier is equal to the internal preeshis constraint links all the degrees of freadand gives a
large equation in the iteration matrix. As the mataf the degree of freedom (volume) is differentd the one
of the shell element (translation), it is importémscale the equations before solving them.

An example of relation between pressure and volwimeh is introduced is the relation for perfect gaither
isothermal or adiabatic. We introduce a non-linganing where the force is the pressure and thdagdispment
the volume. For the isothermal case, with a comstass of gas, the equation is written (O linkedhi initial
value) :

_PVo
P \%

In dynamic analysis, this global representatiotheffluid is a rough approximation as the pres&immnstant
on the whole volume.

6 Gas production

6.1 Principle

In general, in inflatable structure, the mass of ganot constant. There is a production of gasnguthe
inflation. If U is the gas internal energ®,the applied heaf; the gas temperature in the cdll, the temperature
of the gas flowing in the celk the ratio between the specific heat at constagggure and at constant volume,
the gas balance of energy can be written [21]:

U=Q-pV+E
1 _— : co
= k_—l(pv + pv): Q- pV +my, Cp Tin
=k pV +pv :(k_l)(Q"'min Cp Tin )
For an adiabatic transformation, we have:
kpV/ + pV =(k ~1) (v Cp Tin )
For a isothermal relation, we have:
pV + pV=rm,rT

In both cases, it is a differential equation betwé®e internal volume, the internal pressure amdflibw of
gas. A special one degree of freedom element isenrin order to take into account these equatidssnput of
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the element, we have all the values at time stdpe volume at time stap+ 1 and its derivative in function of
time. Inside the element, we use an implicit Eslgreme in order to find the pressure at time step
Similar formulas are also introduced in order ketinto account a leakage of the cell.

6.2 Numerical example

As example, we take the inflation of a cushiontidfly, the geometry is similar to a flat rectandle order to
avoid to use a fine mesh in the corner, we use @rimhwith a small resistance in compression ideorto
simulate the buckling. The flow of gas is decregdinearly with the time. As results, we plot theal shape
and the evolution of the volume in function of tiigkég. 15).

Fig. 15. Inflation of a cushion

7 Activation of boundary condition

In membrane structure, what is known is the flatrgetry. In order to fix the idea, we take as exampbore
of a stratospheric balloon and we try to find thi#al shape subjected to gravity and hydrostateésgure. As we
study only one gore, we have to introduce symmeangditions.

We perform the computation in two steps. In thetfstep, we start from the flat definition of therg, we
apply the hydrostatic pressure and the gravity. Bditom and the top of the gore are fixed and tmensetry
conditions are not taken into account.

In the second step, the top of the balloon is &eé we introduce the symmetry conditions. The sytryne
conditions are introduced through kinematic comstsawith Lagrange multipliers. In order to improtee
convergence and to avoid discontinuity in the resppwe compute the initial value of the constrdingt the
end of the first step and we impose it to be etm# at the end of the activation. jfand ¢ are the time at the
beginning and the end of the activation, the kintianzonstraint during the activation is writtenfimction of
time as:
t-to
th —te

p=(a)- = 00

In order to free the top of the displacement inragpessive way, the software applies automatictigy
reaction force linked to the fixation of the topasexternal load and reduces it in function oktivAt the end of
the activation, this external force is equal to 0.

At the end, the symmetry conditions are fulfill€dly. 16a shows the initial shape, the shape a¢miteof the
first step and the final shape. The meridian seé®ss$ the end are shown in Fig. 16b.

8 Reference to a free mesh

In the previous section, we use the flat shape exsngtry and we apply the boundary condition in a
progressive way. There is an alternative. We defimemeshes, one which respects the boundary d¢onsliand
one which corresponds to the flat shape. Pracfictilere are two series of nodes which are linkethé same
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element. When we compute the strains, the nodeshwdorrespond to the first mesh are seen as amdetbr
configuration and the nodes corresponding to tleersg mesh are seen as the initial configurationhef first
mesh is physically free of stresses, we find zéars because there is only a rigid body mode éetwhe two

configurations in this particular case.

with pressure

data
\\* |
| Final shape
/ e e S N
:; 'Ll
Meridian stress —¥ |
i
J| 3
i
/
."':
.-";
/
/
Jf .4-
i
r4 .74

Fig. 16. One gore problem

As example, we take the same stratospheric balisdn the previous example, but half a balloortuslisd.
As first mesh (the one witch respects the boundamdition), we take the results of the previousnepke,
which is rotated for each gore. As second mesle iresh), we take the initial mesh of the previowsmle. In
a first step, we apply the hydrostatic pressure thedgravity load. We get immediately the convergerin a
second step, we apply a transversal force. Thedimeristress distribution at the end of the compuatre

illustrated in Fig. 17.

Fig. 17. Meridian stress after horizontal force
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9 Eigenvalue computation

The non-linear computation of the structure is thrieg. At the end of the computation it is possitdextract
the tangent stiffness and the mass matrix in daeerform a linear computation around a non-lirgate. This
linear computation is valid only if the variatiohdisplacement is small. The linear computationldde a static
analysis, a eigenvalue analysis, a transient dynamalysis or the creation of a super-element

As example, we use the ISIS solar shield [22].ha hon-linear run, a state of traction is introduby a
prescribed transversal displacement of the ceffittieecshield, gravity is taken into account. As ave interested
in the global response, not the wrinkling patteva,use a material with a small resistance in cosgioe.

Fig. 18 shows the transversal displacement of itisé fhode (eigenfrequency 2.26Hz). The displacenent
located at the edge of the structure.

Fig. 18. Isis solar shield

10 Conclusion

Several specific facilities of the SAMCEF finiteeglent code related to membrane and inflatable tetes
were presented. The developments, carried out enftlime of an ESTEC project called PASTISS, cover
different aspects of the problem, i.e. selectioraafonvenient finite element and devising of rdéasolution
strategies. Some other topics were also investigataterial without resistance in compression,rfeasure of
the internal volume, the production of gas, theniédn of the initial free geometry and the comgtign of
eigenvalue. Examples were provided and demonstrdtedability of SAMCEF in efficiently solving the
problems under interest.
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