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@ Motivation

ANeed for real-time residual strength predictions of
damaged structures

AExample application: aircraft structures subject to
discrete-source damage

Airbus A300 shortly after takeoff Boeing 747-438 en route from
from Baghdad, November, 2003* London to Melbourne, July, 2008*

* Image from public domain 3



Objective:
Integrated Resilient Aircraft Control (IRAC)

A IRAC objective: enable safe flight and landing after

adverse event

I Will require interfacing real-time damage assessment tools with control

system to restrict structural loads
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A Current objective: develop 3D finite element (FE)-
based fracture mechanics methodology to predict
residual strength of damaged airframe structures ,



A Proposed Methodology
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Stiffened

before and
after impact

Characterizing Damage*
Damage models characterize damage
resulting from projectile impact to
stiffened panels

* Hinrichsen et al., AIAA J., 2008
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@ Toolset and Technology:

Geometrically Explicit Crack Growth Simulations

A ABAQUS

I Commercial FE modeling code

A FRANC3D\NG

I 3D fracture analysis code

I Geometric representation of crack
I Adaptive remeshing scheme

*Model Definition
Materials

Geometry mmmp{ *Insert/grow cracks
Boundary conditions

ABAQUS

*Remesh
*Analyze fracture

growth parameters

ABAQUS

*Analyze model
*Prepareresults
ASCII file




2 Past Research (Aging Aircraft):
Stable Tearing, Residual Strength Predictions

A Geometric and material nonlinearities llustration of Mode |

A Shell model with plane strain core?! CTOA definition

A EPFM \4&

A Predicted effects of multi-site damage 5 —

and plastic zone evolution /
i ~ ¢

I CTOA, for crack growth criterion

I Prescribed, self-similar path CTOA= 2tan‘1£
Prescribed
P 1 crack growth
e
[ H M path

Initial e Dz _ Plane
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Built-up fuselage height

panel model

From Chen et al., AIAA J., 2002
1 Core height determined to correlate with results from Dawicke and Newman, ASTM STP 1332, 1998 8



Y Past Research (Aging Aircraft):
Stable Tearing, Residual Strength Predictions

A Geometric and material nonlinearities

A Shell model with plane strain corel

A EPFM

A Predicted effects of multi-site damage
and plastic zone evolution

I CTOA, for crack growth criterion
I Prescribed, self-similar path

Prescribed
crack growth
Effective I Initial lead path
Stress Ksi) ™ o0 (oy) crack tip -~ Plane
. " <o+ = | strain core
0 height

450 MSD crack tips

»0(o,) Predicted MSD link-up and plastic zone evolution

using shell model with plane strain core
From Chen et al., AIAA J., 2002

1 Core height determined to correlate with results from Dawicke and Newman, ASTM STP 1332, 1998 9



Past Research (Aging Aircraft):

Curvilinear Crack Growth Predictions

Conore CHSPL Y (TGS B3 1y youn S ]
Viw Detemetin Contosr Aribte

A Predicted effects of T-stress
and fracture toughness
orthotropy

A Geometric nonlinearity

A Small-scale yielding
assumptions (LEFM)

I Modified crack closure integral
to compute shel
(KI’ KII’ k1’ k2)1

I Directional criteria based on max.
tangential stress theory?
accounting for toughness
anisotropy34

Curvilinear crack growth due to bulging in

From Chen et al., AIAA J., 2002

* Erdogan and Sih, 3 Basie Eng., 1963 pressurized fuselage !oanel (contour shows
s B 3 17 out-of-plane displacements)



