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Halil impact — a problem In aviation

Composite prototype
FP6-project VITAL
Pictures from www.volvoaero.com
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Halil studies at Swerea SICOMP 2005-2010

Gas gun tests FE simulations

Fractography
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Materials considered

3D weaves UD tape prepreg

Impacted surface
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Impact experiments

= (Gas gun using compressed air

= |ce diameters 32 and 48 mm

= Composite plates, thickness 2-6 mm

= Some plates equipped with strain gauges

Steel spacer Steel frame

Composite PE strip
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Material models for the ice
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Load for shear cracks and delamination
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Distributed load => higher delamination load
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Small mass impact response of plate
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FEM-simulation with LS-Dyna
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Experiments compared with FEM

In-house ice model after fitting

Ice impact 105 m/s
1 T T

—— Centre gauge, exp
- Centre gauge, FE
-=--- Off centre gauge, exp
----- Off centre gauge, FE

0.8

Strain (%)

0 50 100

150 200
Time (ps)

7 Oct 2010 EASN: Olsson, Juntikka, Asp




FE prediction of delamination velocity

Example: Ice balls impacting 5.4 mm CFRP NCF
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« FEM can predict the delamination threshold velocity
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Analytical models compared to FEM

6 mm CFRP & 48 mm ice ball at 117 m/s
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 FEM predicts much higher loads in the early part of the impact

* The free particle model predicts very slow response and low loads
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Contact stresses: FEM vs theory

Stress wave generated in
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3D wave theory

Static failure of ice
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— Semi-brittle ice
-200
-160 A ﬁ“ —+—x=0.6 mm
E -140 1 “Q :::i:ﬂ
g)) -120 1 ‘ e ::gmaF
% -100 - ,1‘ /4\
‘ccé -80 1 ' \ | :
IR L ol
S > 40 v !‘\ <FA&“/‘\‘!‘$;_\.,’AW " i !‘#A"%V"AV O
-20 " ‘ ‘\!) \" V ' "
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
0 20 40 60 80 100




Analytical model including peak stress
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* Inclusion of initial peak stress improves agreement with FEM

» Decay of contact stress required to get correct load history
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Conclusions

» Hail impact is a severe threat to composite structu res in aircraft
« Delaminations are primary damage in NCF laminates

» For 3D weaves fibre fracture and kinking also appea rs

 FEM with tuned ice models can predict response and damage onset

« 3D wave propagation first 50 ps is crucial for damage onset

« Analytical models must be adjusted to consider init lal stress peak
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