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• FE modeling
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OBJECTIVESOBJECTIVES

Develop numerical model to predict of distortions and residual stresses present in cured 

composite structures

Assess spring-in effects

Compute residual stresses that may crucially impair stiffness and strength of cure 

composite structures

Propose highly efficient elements specially designed
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FUNDAMENTALSFUNDAMENTALS

demo
ld

Distortions and residual stresses are always present in cured composite structures

Mechanical + thermal + chemical shrinkage stresses

FE code under development that considers cure cycle

spring in
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FUNDAMENTALSFUNDAMENTALS
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FE MODELINGFE MODELING

FE 
modeling
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PRELIMINARY RESULTSPRELIMINARY RESULTS
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PRELIMINARY RESULTSPRELIMINARY RESULTS

Bracket modeling: membrane elements

Halpin-Tsai rules of mixture used to compute laminae mechanical properties
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Through-the-thickness 
capabilities are 
indispensable
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NEW ELEMENT PROPOSALNEW ELEMENT PROPOSAL

Bracket modeling: enhanced beam element (solid-like)
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• σz and transverse shear stresses (τxz) are obtained without 

the need of postprocessing

• Only displacements and rotations DOF’s

• Nonhomogeneous boundary conditions on top and bottom 

surfaces are applicable (contact is tractable)

• Analytical solution is achieved for the classical cantilever 

beam problem
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NEW ELEMENT PROPOSALNEW ELEMENT PROPOSAL

Bracket modeling: enhanced beam element (solid-like)
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NEW ELEMENT PROPOSALNEW ELEMENT PROPOSAL

Bracket modeling: enhanced beam element (solid-like)
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WAY FORWARDWAY FORWARD

Implement element with through the thickness capabilities for composite beams and 

plates

Develop strategy to handle contact including possible flexibility of molds

Expand formulation to consider cure kinetics of laminates


