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AIMS of the study

• Model numerically a High speed Impact on a pressurized 
composite Panel using LS DYNA & GENOA

• Predict the failure patterns (fiber/matrix) in the stiffened 
Panel (Penetrating and non penetrating Impactor)

• Determine Post Impact Residual Stress in panel

• Determine Damage Propagation in pressurised panel 
(fiber, matrix & inter-ply delamination) – (Non penetrating 
Impactor).



Study Progress to date
Goal: Perform a coupled Dynamic/Damage analysis using GENAO & LS DYNA

1: Creation of a fine meshed FEM (Patran) to run in LS DYNA to ensure the 
feasibility of the dynamic analysis for this type of problem. Successful.

2 : Attempt a penetrating impact/damage analysis using the fine meshed FEM in 
GENOA (Damage) & LS DYNA (Dynamic). Not successful due to limited 
model size in GENOA(<10 000 elms) & MPCs between stiffeners and 
panel not supported in GENOA.

3. 2nd attempt with a coarse meshed FEM and a new basic shape impactor
(total: 5600 elms), RBE2 elements replaced by rigid quad elements. 
Successful

4. Perform a non-penetrating impact/damage analysis to track the evolution of 
inter-ply damages from initiation to failure under increasing pressure
loading. Successful



Composite Stress Analysis

FE Methods to date:
1. Eq.Homogeneous Ply Material
2. Detailed Microscopic Ply Fiber/Matrix (GENOA) 

calculation, including update of laminar properties



FEM : Impactor and Stiffened Panel

LS DYNA: 110000 elements GENOA: 5600 elements (10000 max)

Future LS DYNA FEM (5600 elements) to 
correlate with GENOA



FEM : Boundary Conditions and Loading
LS DYNA GENOA

All Boundary nodes blocked in the 3 translational direction 

Blade Speed : 200m/s LSDYNA – 100 m/s in GENOA

Blade modelled in rigid material

Static pressure(593mbar) loading on the internal face of panel

Failure criteria only for Panel and Stiffeners (impact area considered)
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Perforating Impact



Dynamic Analysis LS-DYNA



Dynamic Analysis GENOA / LS DYNA 



Dynamic Analysis GENOA / LS DYNA 



Fiber Damage - GENOA
Longitudinal Compressive

Ply 1 (90)

Ply 2 (45)

Ply 8 (0)

Ply 15 (45)

Ply 16 (90)

Last (time: 1.59E-3 sec)Initiation (time: 2.20E-4 sec)



Matrix Damage - GENOA
Transverse Tensile

Ply 1 (90)

Ply 2 (45)

Ply 8 (0)

Ply 15 (45)

Ply 16 (90)

Initiation (time: 2.20E-4 sec) (time: 3.20E-4 sec)



Delamination - GENOA
Transverse Out-of-plane Shear (+)

Ply 1 (90)

Ply 2 (45)

Ply 8 (0)

Ply 15 (45)

Ply 16 (90)

Last (time: 3.20E-4 sec)Initiation (time: 2.20E-4 sec)



Delamination - GENOA
Longitudinal Out-of-plane Shear (-)

Ply 1 (90)

Ply 2 (45)

Ply 8 (0)

Ply 15 (45)

Ply 16 (90)

Last (time: 3.20E-4 sec)Initiation (time: 2.20E-4 sec)
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Non - Perforating Impact



Non Perforating Dynamic Analysis GENOA / LS DYNA



Fiber Damage - GENOA

(time: 3.20E-4 sec)

Ply 1 (90)

Ply 2 (45)

Ply 8 (0)

Ply 15 (45)

Ply 16 (90)
Longitudinal Tensile
at The Last Time Step

Post impact with increasing pressure loading on panel



Fiber Damage - GENOA
Longitudinal Compressive

Ply 1 (90)

Ply 2 (45)

Ply 8 (0)

Ply 15 (45)

Ply 16 (90)

Last (time: 3.20E-4 sec)Initiation (time: 2.00E-4 sec)



Matrix Damage - GENOA

Transverse Tensile
at The Last Time Step

Ply 1 (90)

Ply 2 (45)

Ply 8 (0)

Ply 15 (45)

Ply 16 (90)

(time: 3.20E-4 sec)



Delamination - GENOA
Transverse Out-of-plane Shear (+)

Ply 1 (90)

Ply 2 (45)

Ply 8 (0)

Ply 15 (45)

Ply 16 (90)

Last (time: 3.20E-4 sec)Initiation (time: 2.00E-4 sec)



Delamination - GENOA
Longitudinal Out-of-plane Shear (+)

Ply 1 (90)

Ply 2 (45)

Ply 8 (0)

Ply 15 (45)

Ply 16 (90)

Last (time: 3.20E-4 sec)Initiation (time: 2.00E-4 sec)



Future Work

1. Modify the LS DYNA FEM to the GENOA FEM 
standard(model size, impactor shape and speed of 
100m/s)  for correlation/comparison 

2. Application of mechanical loads on panel for damage 
propagation analysis.

3. Look into the possibility to use decompression law 
using GENOA coupled with RADIOSS

4. Implement MPCs in GENOA
5. Breakdown of the stress results in LS DYNA
4. Correlate this type of numerical analysis with test data
5. Use the new module (available Nov.07) of GENOA 

coupled with RADIOSS dedicated to this type of 
impact problem



LS DYNA:
1. Can handle large size FEM (no. of elems including 

contacts) 
2. Offers the possibility to verify Hourglass
3. Capable of handling contacts
4. Cannot model fiber/matrix characteristics per ply – only 

homogenous ply material can de implemented.
5. Limited composite failures modes/criteria

Discussion



Discussion

GENOA:
1. Genoa model is limited in size – Max 10000 elements, 

blade speed at 100m/s instead of 200m/s
2. MPCs implementation not available in GENOA
3. Possibility to obtain post impact damage in Fiber, matrix 

and ply delamination
4. Damage tracking based on 14 criteria
5. Decompression of fuselage must be investigated before 

drawing conclusions on the failure pattern of the panel
6. Internal study on DYTRAN is currently under investigation
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