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Wrinkling membrane model: PS-DPS [LEM18]

Introduction - Background
Ï For several years, the French Space Agency (CNES) works on the

development of predictive mechanical models to improve the performance of
stratospheric balloon envelopes.
Ï Numerical context
⊲ The initial state 6= the final state: deployment phase
⊲ Complex mechanical behavior: Non linear law + anisotropic

✗ The shape of the wrinkles.
✓ The out-of-plane displacement caused by compressive stresses is simply
translated as a in plane contraction.
Ï 3D behavior law (elastic,

elastoplastic,etc)
Ï Hypothesis of Plane Stress (PS)
Ï Apprehend the different states of the
structure → use of mixed criterion
Ï Wrinkled part: "Double Plane stress"
(DPS) ≡ uniaxial tension in the plane
→ research of ε33 such as σ33 = 0
and ε22 such as σ22 = 0

⊲ Flexible materials: no bending

stiffness
⊲ Complex evolution of

temperature and pressure during
mission (fig. 1): change of
volume

➩ Local buckling (fig. 2): Wrinkles
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εij is calculated with a Newton method (i,j,k
slacked
εI < 0
and l= 2 and 3):
Table 1: Membrane states defined by the mixed ⇒ ε (n + 1) = δε + ε (n) with
ij
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Figure 1: Evolution of the temperature
and the atmospheric pressure during
flight mission

Figure 2: Wrinkles on zero pressure balloon before take-off
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Application of the sequential algorithm on two structures
1. Shear test (fig. 5)

2. Pressurized balloon (fig. 7)
→ Pressure= 1500 Pa ; → diameter= 12 m
→ Number of gores= 38; ; → Elastic law

Development of an sequential algorithm [LEM19]
Ï The main idea is to develop a sequential method based on the

Figure 5: Membrane properties and kinematic
boundary conditions [DEN12]
Figure 7: 3D views of the balloon
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advantages of the constituent algorithms.
Ï Need to determine criteria to switch from one calculation phase to
another.
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Figure 6: Evolution of the principal stress σI
Figure 3: Advantages and drawbacks of the algorithms used for the sequential method

Conclusions and perspectives
Ï Taking into account the wrinkles with an nonlinear law in flexible structures.
Ï Development of a numerical strategy based on a sequential algorithm which

allowing to quickly obtain the global and local balance of a pressurized
structures.
⊲ Applications on stratospheric balloons with anisotropic law and non linear
law
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Figure 4: Sequential algorithm
[M ′] a optimize matrix mass to move to the final state quickly,
[C ′] a damping matrix which is calculated with [M ′],
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X , X and {X } respectively the acceleration vector, speed and position at
nodes, .
R(X , X ) represents the residue of internal and external forces with the DR
method,

[K ] the stiffness matrix,
R(X ) represents the residue of internal and external forces with the NR
method,
α represents the proportion of the law used,
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