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« NAFEMS Composites WG
« Forward Swept Composite Wing

- Production Induced Deformations of High-
Performance Structures

« Strength Aspects on Material Level
* Virtual Composite Chain
« Conclusion
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NAFEMS Composites WG

* HISTORY
— Established in the fall 2010
— Several web meetings

— First meeting at the NAFEMS WC in Boston
2011

— Since then monthly web meetings
— Survey 2012

— Second meeting at the NAFEMS WC in
Salzburg 2013

— Website
hitp:.//www.nafems.org/tech/composites/
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NAFEMS Composites WG

MISSION

The mission of the NAFEMS Composites Working
Group is to create awareness and education
for the simulation of composites by gathering
independent information and providing
iIndependent analysis of composites simulation
capabililities and needs.

The mission includes education,
communication, promotion of standards, and
identification of simulation requirements that
will have general benefit.
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NAFEMS Composites WG

VISION

The vision of the NAFEMS Composites Working
Group is to create a cross-industry consorfium in
a end-user driven, vendor-neutral arena for
discussing, sharing, and evolving engineering
technigues and practices in the simulation of
composite materials.
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NAFEMS Composites WG

- THE TEAM

— Chairman: Ronald Krueger
(rkrueger@nianet.org)

— Vice-Chairman: Roger Assaker
(roger.assaker@e-Xstream.com)

— NAFEMS North America Representative:
Michele Ringrose
(Mmichele.ringrose@nafems.org)

— 27 International experts from research,
iIndustry and academia
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(rkrueger@nianet.org)

— Vice-Chairman: Roger Assaker
(roger.assaker@e-Xstream.com)

— NAFEMS Jtk{XFk: Michele Ringrose
(Mmichele.ringrose@nafems.org)
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NAFEMS Composites WG

- BACKGROUND

— Composites publications
— Composites training

- New Activities
— Upgrade existing publications and fraining

— Generate new material based on the
needs of the simulation community

— Survey 2012
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NAFEMS Composites WG

« Composites Working Group Survey 2012

— Objective: To assess the state of the art and
the needs of the community related to the
simulation of composites

— Online survey using SurveyMonkey
performed February 2012 — May 2012

— 26 simulation related questions
— 385 participants

— Summary report emailed to participants in
June 2012

— Final extended report in progress
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NAFEMS Composites WG

» Participants
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NAFEMS Composites WG

- Selected example questions
— Which best describes your business area?
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NAFEMS Composites WG

- Selected example questions — continved
— What matrix material do you use? (Check all that apply)
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* What type of fiber material do you
use? (Check all that apply)
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NAFEMS Composites WG

- Selected example questions — continved
— What type of analysis do you typically perform?

100%0 .
909 * What are the most important
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NAFEMS Composites WG

Selected example questions - concluded

— Where do you need the most help when simulating
composites

* Allowables, margin of safety 3 *  Manufacturing simulation

* Benchmark, modeling examples, go-to 8 * Material data history

* Comparison of analysis and experiment 7 * Material models

*  Cure analysis, resin flow 3 * Material properties, appropriate DB
 Damage tolerance 2 * Model selection, shell, solid, combination
* Details, bolts, adhesive joints 4 * Non-linear analysis, highly non-linear

*  Failure theories, criteria 3 * Preprocessing, transfer CAE-CAD

* Failure modeling, criteria, prediction 20 + Preprocessing, transfer CAE-CAD

* Fiber orientation 8 * Postprocessing for failure modes

* Process effects on material properties

*  Physics based modeling, input

* Software capabilities, usage, bugs

* Textile architecture modeling (preform)

* Training: New,advanced users,certification
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Forward Swept Wing
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Forward Swept Wing
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Physical Background of FSW

- Bending-Twist
Coupling

- Aim: Sizing of FSW

« To Consider:
Aero-Structure-
Coupling
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Forward Swept Wing

Bending-Twist-Coupling
«  Wing twist and inherent

wash-in shift the
loads outboards

« Wing bending moment
isincreased by
the deformation

« Assuming an infinitely
stiff wing is a non-conservative
approach
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Forward Swept Wing

Uncoupled Wing

Wing bending and twist
are uncoupled

« Aerodynamic loads do
(wr’ruolly) not change the
wing bending moment

« Assuming an infinitely stiff
wing is a feasible
approach

Aim: Uncoupled, Light,
Producable, Composite Wing
Box
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Forward Swept Composite WIing

Principal laminate direction of upper and lower skin are
tailoring parameters for bending-twist coupling.

They are varied simultaneously.
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Detailed Design of FSW

39 www.nafems.org



HIEE D FHlERET

g&%}% !NAFEMS 40 www.nafems.org



Detailed Design of FSW

« Aim: Natural
Laminar Flow

« Challenge:
Production and Load
Produced
Deformations
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Detailed Design of FSW

- Highly Integrated
Design Concept

Manufacturing Induced
Deformation
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Experimental Investigations

« Comprehensive experimental work done by DLR:
— Parameter dependencies (Layup, radii, etc.)
— Main drivers and magnitudes
— Process scattering
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Manufacturing Induced Deformations

« Process distortions are driven by residual stresses
« Different inducing phenomena

-~ Spring—In \

Forced Interaction
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Essence of experimental studies

Spring-In:
« Chemical shrinkage 4 Gel Punk ,\E
B /| =
AN / >
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Essence of experimental studies
Spring-In:

« Chemical shrinkage
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Essence of experimental studies

Spring-In:

« Chemical shrinkage

« Thermal contraction

« Through-thickness
anisotropy
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Essence of experimental studies
Spring-In:

« Chemical shrinkage

« Thermal contraction

« Through-thickness
anisotropy

« Distortions generate Radfordbeziehung
in curved laminate
areqs (eg > &r)
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Establishing an efficient PID module

Sizing J—>
Tool Design J—>

Preliminary . ‘Spring-In
— , — Part Design _
Design Prediction
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Challenges PID Simulation

Structural analysis

conversion needeq

* Shell elements

* Linear elastic material
properties on ply level

* B-Values (Humidity,Temp)

* ,No’ manufacturing effects

* ,No‘residual stresses

* ,No’ process distortions

AVAVAVAVAY
AVAVAVAVAY

SN NAFEMS 59

AVAVAVAVAY

Process simulation

Solid elements
Fiber, Resin properties
Modulus development

Cure shrinkage

Tool properties

Bagging

Residual Stress - Deformation

www.nafems.org
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Experimental Investigations

) )
i Autoclave Heat
- N transfer
Temperature \ J
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P Pressure . bagging )
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— Cure kinetics Tool/ Part
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Fibers e R
b Tooling
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infegral parameter G )
conduction )
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Simulation Process

Compensated part Nominal part

Shell-based

Compensated FE model
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“Inversion” Deformed geometry
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Verification and Validation
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Verification and Validation

Evaluation: Flange to web angle
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Verification and Validation

Evaluation: Flange to web angle
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Verification and Validation

Evaluation: Flange to web angle
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A‘Psimulation
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Simulation ATOS meas. of Panel #1

2.92 +2.56

0.50 0.49

Y — ! |
2.93 _‘_}X +2.51

= Modeling strategy is suitable for the integral Panel

= Deviations are due to manufacturing parameter
uncertainties
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Laminar Wing Upper Cover

2.25m

1.25m
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Strength Aspects on Material Level
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Material Testing and Simulation

T

Component Sub-Component Detailed Element Coupon
e Coupon tests funds higher level Peel tests - DCB
simulation

* Composite structures are Sensitive to
ply separation (delamination)

e Coupon fracture toughness tests
* Peel mode
e Shear mode

e Mixed mode
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Component Sub-Component Detailed

e Coupon tests funds higher level
simulation
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Experimental Determination of Fracture
Toughness

Performed peel tests from standard ASTM 5528
 Beam Theory with Compliance Calibration Method

» Synchronisation of crack propagation and load

Beam Theory (BT) gives:
1dU  P? dC or 3P xuxn
c =T — : Glc = G.: critical energy release rate
P b da 2%bda 2b*a a: crack length
a a +da P o b: specimen width
. d U: potential energy
C: compliance
AE P: force
- o: displacement
/éK/ n: Correction factor from CC
-
0

Result: Critical energy release rate as resistance against fracture
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Modelling of Fracture

Possible methods to model fracture:
* Cohesive Zone Elements

Patren 2312 34 Bit 23-A1g- 2 152833 2304001
° H . H Fiinge: LC_creck, FW Linear - 120. 2 of Lead. Dsp acemerrs, Translatona, b agn fude, (NONLAYER=D)
tress a Se I nte r a l I I I n a r a I u re Cefor=L_orack, Pw Litear 100. % 3 Loar, Cisplarements, Tatsizione] 2164007 E

e Virtual Crack Closure Method

VCCT
* One Step Closure Technique
 Adequate for brittle material

* Energy at crack tip: | -
6 = ——[Zj8w; + X0, ] |7 = -
2Aa b l J l ACLZ

Nonlinear FE simulation

. G .
Separation of contact: o < 1 (G, from experiment)

c

VCCT appropriate for material behavior of composites
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 Cohesive Zone & (CZM)
* Stress based interlaminar failure == wiumn™
* Virtual Crack Closure Method (VCCT
VCCT
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Comparison of Test and Simulation

Comparison of tests and simulation with different methods and input

Force-Displacement-Curves DCB

70
: R Sl
60 : ," ,,7 (W N
,"44’/’<=:?:a=\s§y\ -
50 47 a2
2,4 — w!
= 40 C “'I‘ \¢—==$£':\_‘- /\
— [ P ¥ S+ =—=:""'\-___ =
§ E P y I/ 5/\\-.
S 30 - S ———Test1
i // -==-Tests 2
: ----Test 3
C ——\/CCT- Beam Theory
VCCT without CC
Cohesive Elements
' | | | ' | | | | ' | | |
0 1 2 3 4 5 6 7 8

Displacement [mm]

Parameters have to be chosen carefully and checked for feasibility
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Force-Displacement-Curves DCB
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Validation of Test Result

Load-Displacement-Curves

S (O (o)) ~ (0] Vo)
o O o o o o
| | | | | |

/
/

Force [N]
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=
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T T T T

0 2 4 6 8 10
Displacement [mm]

Coincidence of simulation and experiments
validates fracture toughness values and used
methods
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Load-Displacement-Curves

Experiment

10 - . = . =Simulation
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Displacement [mm]
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Material Testing and Simulation

Component Sub-Component Detailed Element Coupon

* Composites static behavior is
dependent on orientation and
direction

* 5 material property directions:

* Tension and compression,

parallel and perp. to fiber

* Shear behavior losipescu-Shear-Test
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Component Sub-Component Detailed Element Coupon
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Shear Testing

A
—
M
o

* Advanced shear testing with
the ASTM 5379 V-Notched F
Beam Method, , losipescu“- t T

Y

Test -t

* Highest shear force in @

midsection

Fe/(L-7)
Fz/2

* Notch is free of bending stress @

-Fe/2

*Test is superior to common shear tests, like the +45°- tension test
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Nonlinear Shear Behavior

 Composites show a nonlinear shear behavior in pre failure regime

D Gly)y =T(y)

Hardening-Formulation
from Ramberg-Osgood:

14 (G2)" - (2)]"

* Nonlinear stress-strain relation
as input for material properties
in FE simulation

e Stiffness in dependence of
strain: K(¢)
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D Gly)y =T(y)

° Ramberg‘OSgOOdﬁgﬁ': Shear-Stress-Strain-Relation
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Modelling of losipescu Shear Test
RB: u,, u, = 0; u,70

U, U

Uy, U, =0

* Load applied through rigid body

* Linear shell elements with linear, orthotropic behavior

* Quadratic shell elements with nonlinear, orthotropic behavior
only in notch section

:> Sufficient Gauss Points and correct material behavior in
notch section
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RB: u,, u, = 0; u,70

Uy, Uy, U, =0
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Results

Shear stress in notch

T=Gx*y T(y) =G(y) *y
0.6 -
0.6 -
__________________________________________________ -
el 0.4 - i
04 - - ;
/’ ]
/ 0.2 !
0.2 - s ]
! -===Shear Stress !
[} ]
£> 0 ‘ X ‘ ‘ ‘ = 0'001 0T6 : 1‘1
01 0.3 a.5 0.7 0.9 1.1 ' \ '
\ 0.2 - I
0.2 - \ |
\\ :
\\\ _ B ]
04 Tl 0.4 !
0.6 -
06 - Ty / Txy,max

Tuy / Txy,max

* Real shear stress distribution with hardening formulation is homogenous
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Development Chain
Aerospace Today

Loads
\
Overal Structural Stress Desian
_ Aircraft Design : Surfaces \ \ 8

Requirements

Material & Process) i e tisation Manufacturing
\ | Quality Control | Engineering
Material Values, \ N
Allowable &
Methods Warpage
Spring In
\ Manufacturing \ Tooling \
\ \
S
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Development Chain
Aerospace Tomorrow

\ Aerodynamic )
\ Overall Aircraft Design )

\ Global FE )

k Stress )

Certification )

\

Material Values, Allowable
Methods

‘\ Quality Control )
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Aerodynamic )

\ Overall Aircraft Design ) \

\ Loads )

\ Design )

\ Global FE )

\ Manufacturing Engineering)

‘\ Stress )

‘\ Material & Process )

Certification )

‘\ Quality Control )
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Material Values, Allowable
Methods
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Conclusion

« Composite material has a potential, but needs
composite related design, sizing and
manufacturing processes

* PID need to be considered as early as possible
in producst development chain

« The developed semi-numerical simulation
strategy predicts PID with convincing accuracy

« Specific criteria, tests and simulation methods
are needed to determin material characteristics

« More experimental studies are necessary
 VCP includes all methods and tools
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Conclusion
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Thank you!

Dr. C. HUhne

Head of Department
Composite Design

DLR

Institute of Composite
Structures and
Adaptive Systems

Lilienthalplatz 7
38108 Braunschweig
Germany

Phone: +49 531 295 2310
Email; christian.huehne@dlr.de

A VAVAVAVAY
AVA VAVAVAY

sy NAFEMS 107

AVAVAVAVAY



Sem—— / \./ \

Dr. C. HUhne

Head of Department
Composite Design

DLR

Institute of Composite
Structures and
Adapftive Systems

Lilienthalplatz 7
38108 Braunschweig
Germany

Phone: +49 531 295 2310
Email; christian.huehne@dIr.de

A VAVAVAVAY

AVAVAVAVAY
A NAFEMS

AVAVAVAVAY

108

VAV




