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Impact Damage
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Composites and Impact

Ground collision

Hail stones
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Problem of Impact
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Stress and stiffness distribution
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Inverse Method
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Inverse Method
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Optimization Approach

Aim

Seeking minimum of displacement error function by updating material parameters

Approach
Gradient method Steepest Descent combined Starting set of parameters
with Davies, Swann, and Campey’s algorithm (e.g. undamaged material)
DBSijpthﬂ z k-th optimization
P
Mean squared error function: o |
[
z z v 4 g |
f(x): ii & + ﬁ o k-th gradient vector
N4<u Vv 5 ) calculation
=. max max
a
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Gradient and Search direction:
Minimum of a function
—_ — > (e.g. correct material properties)
g, =Af /AP, uk_gk/‘gk‘ u
Parameter 1 (e.g. E)
Parameter vector:
X =X, +A4U, Optimization search procedure

Imperial College Aenonautics 9 the Composites Centre
LO n do n for research, modelling, testing and training in advanced composites



Experiments
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Digital Image Correlation System

Non-contact optical 3D deformation measuring system ARAMIS from GOM

System type GOM ARAMIS 1.3 M

4 cameras in master and slave mode

Camera resolution 1280 x 1024 pixels

10 x 8 x 8 mm?3 to
1.7x14x1.4m3

Measuring volume

Max. frame rate 12 Hz
Strain range 0.05% up to <100%
Strain accuracy up to 0.02%

Speckle pattern Before deformation During deformation

DIC Principle
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Overview of Experiments
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Tensile
Characterisation

Imperial College Aenonautics 14 The Composites Centre
Lo n d 0 n for research, modelling, testing and training in advanced composites



Experimental Setup
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Inverse Analysis

ABAQUS analysis
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Heterogeneous Material Parameters
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Nonlinear Material Behaviour
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Compressive
Characterisation

Imperial College Aenonautics 19 the Composites Centre
LO n d 0 n for research, modelling, testing and training in advanced composites



Experimental and Optical Setup
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Full-field Benefits
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Full-field Buckling Patterns
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Finite Element Model

ABAQUS analysis
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Apparent Material Parameters
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Apparent Material Nonlinearity
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Advanced Issues
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Arbitrary and Multiple Damage Location
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Stiffness Reconstruction
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Orthotropic Materials

Findings to date
e Load dependent material identification

e Geometry dependent material identification

$14 $44

vy vy

Numerical test

Material set E, E, Gy, Viy Error in E; Errorin E, | Errorin G, | Errorin vy,
Inner square 25 GPa 5 GPa 3 GPa 0.35 0.2% 0.1% 2.9% 2.8%
Middle square 35 GPa 10 GPa 4 GPa 0.2 9.4% 12.6% 4.3% 65%
Outer square 50 GPa 20 GPa 5.5 GPa 0.3 8.1% 8.9% 1.5% 40%
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Conclusions and Prospects

Conclusions

e Inverse method using FEM coupled with DIC
e Applied to impact damage in laminates

e In-plane stiffness reduction in damage zone
e Material nonlinearity described

On-going Work

e Arbitrary and multiple damage location

e Impact damage in orthotropic laminates

Possible Future Applications

e Biomechanics
e Hot objects
e Aircraft inspection
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