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Design: Loading A!L'lﬂ"*-.
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Design: Damage Tolerance

DT & Fail-safe approach:
Slow stable damage growth allowed
Large damage sustained
Multiple load path

Huntington Beach, California
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Design: Damage Tolerance A:'L'l'.'."‘-.
Crack initiation .
_ Testing

Number of load cycles generating crack
Crack propagation

Initial crack = detectability limit _

Final crack = 2 bay crack Testing

Propagation time must be > 2 inspection intervals

SIF

Residual strength calculation

Panel with 2 bay crack must sustain ultimate load
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Crack length a+da
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Elongation
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Alcan’s approach

Alcan’s core business = metallurgy
Focus on advanced alloy development

Recent involvement in design
Understand customer’s needs
Evaluate innovative ideas

Numerical modeling against trials
Low cost
Rapidity
Virtual material

MS&SOFTWARE@ i Huntington Beach,

California
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Alcan’s approach: FEA Aol

Crack Opening Displacement (COD)
Measure displacements perpendicular to the crack

K, = Iimo{Euz(r)\/g:r}

Strain Energy Release Rate (SERR)

Small crack extension
Variation in energy => crack growth

K — /E.AW
t.2Aa
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Alcan’s approach: FEA Mol

SIF for 20-30 crack lengths I — kj‘ggﬁgs

2 FEA per crack (SERR method) Computations
300 Post treatment...
——2024_MILHBK —
—=-2024_MJ -

250 —— —+—Courbe R R
— Polynomial (2024_MJ) M
200 / / \\\:
150
Need for
automation
100
- //

Stress Intensity Factor (MPA.Vm)

0 200 400 600 800 1000 1200 1400 1600
Crack Length (mm)
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Alcan’s approach: FEA Aol

MSC.Marc’s Mentat

Preparation:
Automated meshing (procedure)
Creates 2 FE input files for a given crack length

Post-treatment
Automatically generate graphs (procedure)
Store values in temporary files

MSC.Marc
Automatically launched
Perform FE Analysis for all crack lengths
Save output files (.t16)
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PAnel: Procedure @ AL;L"JE'-=._

Desired crack
lengths -
A —-=" _ -
” - - -
Geometry ==a
PAnel_pre

Numerical
conditions

Material

PAnel_post < N output files
o

Huntington Beach, California



PAnel: Input il
Text file
Global parameters (file name, assembly type, position of crack)

Geometry
. . oo
Numerical Modeling #  boundary conditions
~\\\\\\‘ .
PVqutEEFiEil main applied displacement in ram : -1.2718
main applied stress in MPa : 0.
applied pressure in MPa : 0.
gide houndary condition (free side/svimetry/load) : free side
# following taken into account if load is chosen
=zide applied displacement in ron : 0.
zide applied stress in MPa : 0.
z displacement fixed for skin nodes [yes/no) I yes
. e S s S
#
# material
#
stringer mwaterial ([(elastic or plastic): elastic
riwvet behaviour (rigid/spring) porigid
rivet displacement 0 0.03607 0.08179 0.2542 7.9375 100,
rivet force : 0O 5007, 10230, 11545, 16383, 18000,
skin voung = modulus : 71000,
v stringer yvoung s modulus : 71000,
poisson = ratio : 0,33

MSC A SOFTWARE. : Huntington Beach, California
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ALCAN

: Features

PAnel

Shell elements
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PAnel: Features A;L'l'i'-‘._

Boundary conditions
Transverse symmetry
Longitudinal edges free or fixed
Tension: displacement or stress controlled
Pressurization (fuselage)

3assembly types ~ __— T~

Rivet = springs
Integral = shell thickness value
Bonded = rigid link

MS&SOFTWARE@ : Huntington Beach, California



MSC

PAnel: Results

\
ALCAN "

Transverse or longitudinal cracks (fuselage)

Typical MSC.Marc FE calculation

Nodal values => displacement

Integrated value => stress, strain

5.000e+02

4 500e+02
4,000e+02
3.500e+02
30000402 o ool
2 .500e+02
2.000e+02
1.5008+02
1.0008+02
5.000e+01

0.000e+00

Ine: 5
Time: 1.000e+00

1.812e+00

-9652e-01

—3.742e+00

—1.48%e+01

—1.783e+01

=2 0d41e+01

=2 31Be+01

—2.598e+01
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PAnel: Results Mol

Post-treatment via MSC.Marc’'s Mentat
Fully automated procedure

Node path => COD o
Single value => energy 100 ,\

y

SIF (MPa.Vm)
g

A | B | c | D | E | F [
Right half LeftHalf MeanHalf KCTOD KCTOD
: K SERR
2| crack crack crack right left 40 A
3 257385 25884375 | 256614375 523456 645395 I 6327042286 !
4| 8147 50.883626 | 51.1803125 67.6319 73.154 7521530403 —&—K CTOD right
8 | 100.809125 | 10021575 | 100.5124375 853453 &7 70585 90.555666755 =
B | 130.837375 130.244 1305406875 9537592 957015 106.1757044 20 SEleial —
7| 18014125 151.69275 180,917 1051728 99.9929 108.5306637 K SERR
8 171.89 170.996625 | 171.2933125 106.6425 1029173 | 110.4289678
9 | 180118125 181.721 180.9155625 1045429 1027084 | 106.1455765
10| 19035187 VB M S E | M 97 84852529 0 \ T \ \ \
11| 200585628 93.71383031
T s arnt .EXCe acClro 3715801 0 50 100 150 200 250
13| 21174825 | 210819375 | 2112843125 | B4.9304 962862 | B3.82522112 Half Crack Length (mm)
14| 22032876 @ 221063126 | 2206909375 83.9753 86.0473 80.30473234

MSC : Huntington Beach, California
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Example: Integral structures AC"A"“",'-‘._

+ —
Lower cost
Reduced assembly

Reduced number of parts
Extra-stiffness & Fatigue
Geometry easily customized

Not intrinsically damage tolerant

Built-up
» Crack stopping

1 1 A

Integral

» Propagation

in stiffener | | . | ;_._ _I_ _L_
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Example: Integral structures A:'L'l'.'."‘-.

ldea = Customize stiffener shape
Minimize crack growth

3 configurations tested with PAnel = same weight
T shape

Rectangular pad-up
Rectangular pad-up with halved stringer pitch

MS&SOFTWARE@ : e Huntington Beach, California
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Example: SIF results AC"A"“",'-‘._

—— Theory K=0c Vr.a
108- —@— T stringers — pitch 6”
= —e— Flat 1 — pitch 6”
= 90 —=— Flat 2 - pitch 3”
)
-
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Example: Crack propagation life A!L"h".'h-.
Biking analogy

Slower then faster can imply slower overall
10,

Half crack length (in)

0 10000 20000 30000 40000 50000 60000 70000
Number of cycles
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Crack retardation: Test definition A;'A'H','n..

Parametric study => minimize crack propagation

Number of pad-ups (crenellations)
Height and width of pad-ups

»
»

)l

[ 1 Tl J+—1
— ]

&

Validation by test
Crenellated and control panels
Same overall section => same weight |

500 mm (fixed)

MS&SOFTWARE@ : e Huntington Beach, California



Crack retardation : Testing

2027 T351 Lower wing skin alloy study
Constant amplitude R=0.1, o,.., = 70 MPa

max

MSC A SOFTWARE. : Huntington Beach, California
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Crack retardation : Results o, uaion ‘ALCAN"..
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Conclusion A!L'lﬂ"t-.

Automated FEA tool for DT design developed and validated

Based on MSC.Marc
User-friendly
Wing and fuselage panels

Many features
Transverse and longitudinal cracks
Complex stiffener geometry
Displacement or stress controlled
Integral, bonded or built-up structures

|deal for
Weight savings evaluation => new alloys
Innovation => new design concepts, virtual materials

MS&SOFTWARE@ : Huntington Beach, California
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Future work A;L'l'i'-‘._

New features
Crack running along stiffeners
Crack between stiffeners (no stiffener broken)
New mesh refinement method
T-stress calculation => crack turning

MS&SOFTWARE@ : Huntington Beach, California
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