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https://www.youtube.com/watch?v=B74_w3Ar9nI
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AFP-Manufacturing

DLR

= Automated Fibre Placement (AFP)
process aims to produce large aicraft
structure like wing skins

» Placement of ,tows" layer per layer

= complex process favor different
types of manufacturing effects

How to handle/ predict the structural
behaviour in presence of such
effects?
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Evaluation approach

DLR

Cgap (mm)
o—

Numerical defect

assessment |
Defect geometry Strength

‘ eXtraCtI 0 n Poisson's 100 %4

Compressive

— Strength
"defectConfigurations": [ Transverse
{ Tensile

"type ". llgap " , Strength
"subtype": "straight", |
"shape": { Transverse | Transverse

"width": 3.171627, Elastic Compressive
} "length": 26.5889 Modulus Strength
"material™: "R 8551-7", I\Ef:rf::ﬂfus Stri::?l:
"affectedPlies": |

1 —m— Knock-Down Factor defective Layer
1, —4— Knock-Down Factor adjacent Layer
"rotationAngle": 0.0,
"impactFactor": 0.0,
"constantShapePropagation": true
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Virtual AFP-Process

Information chain DLR

CAD CAM | Offline Programmierumgebung
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AFP Simulation

Virtual AFP-Process

DLR

Pl version= 0" encoding="UTF-8"7?>

perPly xmlr xS http: //www.w3.0org/2001 /XMLSchema-instance"”" xsi:noNamesp
htityCreationDate>2015-11-16T14:01:39</EntityCreationDate>
iwerageGenerationDate>2016-02-16T11:16:58</CoverageGenerationDates
focessParameters>

‘nputUnits>

joundaryReferences>

<Reference>

</BoundaryReferences>

<CoverageStagger>2.0</CoverageStagger>

<Coverage5tartPoinc>1950.0 -1463.1635 605.74164</CoverageStartPoinc>
<PathGapAllowsdMax>0.7</PathGaphllowedMax>
<PathGapDesiredMin>0.6</PathGapDesiredMin>
<PathOrientation>45.0</PathOrientation>

<PathOrientationReferences>

<Reference>

It}
gl

‘Courses Co

</PathOrientationReferences>
<SurfaceLevel>10</Surfacelevel>
<TowHumber>16</TowNumber:>
<TowThickness>0.152</TowThickness>
/ProcessPa

<InputUnits>

Centerline Geometry: centerline coordinates of each material path
Local fiber orientation: pointwise deviations of the deposited fiber angle from the nominal layup
Steering radius: local steering radius at every point along the path

<Course
<Cption:
<0 E="0lla"
<0 E="Ohla"

0.000000"/>
0.000000"/ >

ht="-0.2675"><R>1658.4363 -1655.7223 827.8308 169
676.406 -1644.886 B13.54126 1712.288D0 -1666.2342
<R>1694.3794 -1634.0406 799.2552 1730.2737 -1655.7612
>1712.346 -1622.8611 785.22394 1748.243 -1644.9186
1730.312 -1611.6788 T771.18945 1766.2052 -1634.0762
>1T748.2828 -1600.4084 757.22284 1784.19 -1622.8823
>1766.2472 -1588.8893 T743.45526 1802.1578 -1611.694
784.2104 -1577.3678 T729.68475 1820.1154 -1600.425
802.1783 -1565.6823 T716.0519 1838.0842 -1588&.9003
2667 .14 -1553.8314 702.5578 1856.0626 -
.3819" .7819 -1541.5284 688.545 1874.7031
.2667" .4257 -1528.9666 674.7755% 1893.3413
2667" .0701 -1516.3335 661.0677 1911.9884
.4023" .7144 -1503.6598 647.3577 1930.6262
-2668"><R> .3583 -1490.7017 6€33.55554 1949.274

Edge geometry: pointwise coordinates of both material edges corresponding to each centerline location




Defect geometry extraction

» ACES simulation output read as .xml

= Retrieve discretized course points,
directions and normal

= Remove out of bounds areas

= |dentify nearest point on last course

» Find orthogonal and calculate distance
= Compare with allowed tolerances

= Extract defect information

Defect geometry extraction

Filtering

Overlap




Mapping of defect data to structural model
DLR
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Model of the CFRP

structure
Gap/Overlap width in mm
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Mapping of defect data to structural model ‘#7
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Gap/Overlap width in mm
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Mapping of defect data to structural model ‘#7
DLR

What is the resulting local material behaviour

and how can it be assessed?_\




Numerical defect assessment

Numerical defect assessment .~ ‘#7
DLR
= appropriate methods for strength and stiffness '«
determination needed
= observation: imperfections often affect not only A pristine laminate A defective laminate
one layer but also neighboring layers —
(e.g. through stress localization) C.R,.00.6, Co Ry 0,8,
Ci.R,, 0. C,.Ri, 0 €
analytical VS. numerical -
accuracy issues *=*  time-consuming C1. Ry, 01,81 , LG Rioué >
A
P d h: A
resented approach : KDF,
= assessment of material degredation based KDF,
on homogenization approach _ -
= use of parametrized 3D-FE-models for determination homogenized configuration

of so-called ,Knock-down factors® (KDF)

= models on the mesoscale (laminate) level provide the homogenized structural response from
boundary conditions applied on the macroscale (structural level)




Numerical defect assessment
DLR

= Linear-elastic material model
= effect of defects estimated using elaborated failure criteria

I ... Versagensindex
f(o,R) =FI o ... Spannungszustand
R ... nominelle Festigkeit

» in case of FI = 1 - damage initiation

= For each stress vector there is a scalar f(o):

f(fr(o),0,R) =1

- 1.
» Dueto fr(0) = forc =0, inverse M = oS used X ¢> 0° — b 0 022
. . . . . o 0 (c ‘ o
Layerwise estimation of KDF: M ! fRef (a)) o o
KDF; = def =~ ref — e
M; fr (o) X ¢=

[1] Findeisen et.al: USER'S MANUAL OF PUCK ANALYSIS TOOL, IWM Report V1195/2022



Results
DLR

FE-Mesh

= UD-Material: IM7/8551-7

= | ayer orientations:
[0°, 45°, 90° , -45 °]

= Layer thickness: 0.3 mm

= Quadratic ansatz function in FE-Model

= Puck criterion used as strength
assessment function




Numerical defect assessment

ResultLevel
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Kl-based prediction ‘#7
DLR

Gap/Overlap width in mm
-3.2 -2-15-1-0560 051 1.5 2 2532
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Kl-based prediction
DLR

How can all these different defect configurations be
assessed efficiently when manufacturing parameters
are changed?




Kl-based prediction 4#7
DLR

= KDF estimation for local material deviation based on neural networks

= Model trained for fixed UD-material and number of laminate plies

Input layer Hidden layers Output layer
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geometry ‘\» 4‘{ KDF

parameters V‘) “ :7 ‘ for all plle_s
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Kl-based prediction

DeT..CT DLR KPI-VORHERSAGE
MODELLIERUNG
Datensuswahl Datenanalyse Modellierung
KPI FIRST PLY KPI FIRST PLY KPI FIRST PLY KPI FIRST PLY KPI FIRST PLY KPI FIRST PLY KPI FIRST PLY KPI FIRST PLY KPI FIRST PLY
TRAININGSDATEN MODELL ID FAILURE RXXT FATLURE RXXC FAILURE RYYT FAILURE RYYC FAILURE RZZT FAILURE RZZC FATLURE RXY FATILURE RXZ FAILURE RYZ
WOHER KOMMEN DIE TRATMINGSDATEN? Am EEieTe [l id1 .98 1.00 e.99 1.00 0.92 8.98 @.97 8.94 0.97

Nachbarschaft 1
Sampling des aktuellen Gesamtdatenbestands

aktueller Gesamtdatenbestand id_2 9.98 1l.ee@ ©.99 1.00 8.99 9.98 0.97 8.94 8.97
B =SlLecntergnotenhestand id_3 8.89 8.94 ©.98 1.80 8.99 8.96 8.93 a.89 8.95
Import (json-Upload)

id_4 .71 8.74 0.97 1.80 8.98 8.39 @.32 8.81 8.87

ANTEIL DER TRAININGSDATEN
id_5 8.71 8.74 .97 1.00 8.98 9.83 .82 0.81 8.87
8,8 H o
id_6 1.e1 1.e0@ ©.98 8.97 1.00 1.00 @.99 e.98 8.99
+ TRAININGSDATEN BESTATIGEN UND VERARBEITEN
id_7 1.e1 1.00 @.98 8.97 1.00 1.00 @.99 8.98 8.99
id_8 1.e1 1.6 .98 8.97 1.e0 1.6 9.99 0.9%8 8.99

KPI-VORHERSAGEPARAMETER

id_9 .36 .59 ©.94 0.86 8.95 9.23 0.87 8.50 0.69
id_18  e.72 8.73 ©.93 0.86 0.95 9.24 @.85 8.64 0.75
id_11  e.72 8.73 ©.93 0.86 8.95 9.24 8.85 8.64 8.75
id_12  e.47 8.81 @.99 0.99 0.97 9.96 0.97 8.81 0.97

KPI First Ply Failure Ryz

d_13 8.45 .68 1.86 1.e6 e.94 0.94 1.84 0.84 1.01
_ e o o o o o o o o
id_15 8.37 e.28 8.37 8.28 8.79 08.22 @.27 0.66 0.66
id_16 e.37 e.28 @.37 e.28 e.79 8.22 .27 .66 8.686
MODELLEVALUATION
d_17 8.81 8.54 @.86 e.75 8.96 8.76 a.87 8.94 e.se
WOHER KOMMEN DIE TESTDATEN?
Sampling (Rest) id_18 8.84 8.83 @.54 8.93 8.96 .89 a8.65 6.92 8.52
Gesamtdatenbestand .
dd_19 e.98 e.99 @.38 e.82 8.96 0.44 0.81 0.88 e.88
Filter-Rest
Import (json-Upload) id_28 8.34 8.97 @.36 8.58 8.92 .39 .69 8.71 e.72
id_21 8.84 8.s87 @.36 8.58 8.92 .39 .69 8.71 8.72
" TESTDATEN BESTATIGEN, VERARBEITEN UND EVALUIEREN
id_22 1.00 .91 @.64 e.77 8.92 0.80 0.56 B8.87 8.71
id_23 e.81 e.98 @.97 e.9e 8.97 .97 0.88 1.02 1.02
MODELLE AUSWERTEMN
Fehlermale id_24 8.20 8.19 .20 e.19 8.64 8.21 .34 6.46 8.46
KPI-Landkarte (Autoencoder—Code)
id_25 8.17 8.16 @.17 8.16 8.65 .20 @.29 6.60 .60

Vorhersage-Tabelle
_ - — — — — — — — —
id_27 9.87 8.83 .88 8.83 8.90 8.87 8.85 1.82 1.e1
id_28 8.91 8.85 .38 1.e8 8.95 8.67 8.93 8.%8 8.88

id_29 e.77 8.85 0.8e e.76 8.91 9.47 0.79 e.75 9.86

@ Symate GmbH 2822 Detact DLR KPI Prediction




Summary and Outlook ‘#7
DLR

= further steps towards a digital-twin for the
assessment of CFRP structures manufactured |
by AFP prozesses achieved

Tackiness

» Focus on virtual design and manufacturing,
easily adoptable for quality assurance issue
In production phases

» Assessment of AFP effects on structural level pending

¢ N T
= further efforts on Al assissted evaluation in future project | @Lol
Pl
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Contact

Andreas Schuster

Deutsches Zentrum fur Luft- und Raumfahrt
Institut flr Systemleichtbau
Abteilung Strukturmechanik

Lilienthalplatz 7
38108 Braunschweig

&  +49 (0)531 295-2778
D} andreas.schuster@dlir.de
www.dlIr.de/sy
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