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Impact threats on composite structures

Runway debris Bird strike
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Problem of impact damage on composites
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Initial studies of stiffness of Impact damage

Coupons cut from damage zone Sjogren, Krasnikovs, Varna (2001). Composites A

Tensile stiffness distribution

Drawbacks
 Destructive method
» Properties only obtained in discrete points

* Free edges cause premature tensile cracking

Young's modulus [GPa]

« Strip specimens buckle very prematurely

12 36
Distance from centre [mm]
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In-situ full fleld measurement of damage
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Advantages

» Potentially non-destructive method

» Full field description of damage zone

» Entire range of in-situ behaviour
{1.0 measured

70 mm

Disadvantage

* Numerical inverse methods required for
evaluation

70 mm
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Inverse method — our approach
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Digital image correlation system at IC

Non-contact optical 3D deformation measuring system

System type GOM ARAMIS 1.3 M

4 cameras in master and slave mode

Camera resolution 1280” 1024 pixels

10" 8” 8 mm3to

Measuring volume 177 147 1.4 m3

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

j s K, *'--'_#".'.
Speckle pattern Before deformation During deformation

DIC Principle
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Overview of experiments

A Quasi-isotropic Impactor * * * * * * *
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Tension — results

1.6

14

1.2

1

0.8

0.6

0.4

Relative Material Parameters

0.2

0

=Y oung's Modulus
—— Poisson's Ratio

-40

-30  -20

AE14 mm

10 20 30

Width Section (mm)

40

9 March, 2010

Robin Olsson

Relative Material Parameters
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Tension — nonlinear material behaviour
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Experimental setup in compression

Back side CCD cameras

Specimen & Boelng rig

Fluorescent lights

Perspex se,tup panel

Front side CCD cameras

|
Characteristic features

FRONT SIDE

BACK SIDE

Boeing antibuckling rig

FRONT SIDE = BACK SIDE

90 mm

70 mm

9 March, 2010

Robin Olsson




Finite element model in compression

FE analysis
 Homogeneous isotropic thin shell

» Geometrically nonlinear analysis {iz
» Full-field boundary conditions \.7
A 32 mm

IN-PLANE and OUT-OF-PLANE BCs

Tyl SV SLNE SR EL RS & OUT-OF-PLANE BCs only
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Apparent material nonlinearity in compression
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Structural FE model of impact damage

Realistic damage

* Determine structural behaviour by detailed analysis

» Then represent damage by nonlinear element

Simplified model Equivalent model
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Behaviour of damaged ply
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FE-model of impact damage in tension
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FE-model of impact damage in compression

Damage 3D geometry

Assumed damage patterns
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Stiffness Behaviour of Impact Damage Region up to 1% Applied Strain Effect
of Fibre Fracture Cracks on (0°//+45°//-45°//90), with 30 mm Peanut
Delaminations

700 1 44
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Craven, lannucci, Olsson (2010). Composites A




Possible future development

Determination of flexural stiffness by out-of-plane | oading

Measurement on ground to support decisions on need fo r repair

Measurements in flight to support decisions on maintena nce

In-vivo measurement of nonlinear biological tissue

Related work by
» Local flexural stiffness determined by out-of-plane loading
and measurement of slopes
» Direct inverse method (Virtual fields method) used

* Polynomial smoothing limited stiffness gradients
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