UNCLASSIFIED

4\

Bazle Z. (Gama) Hague (UDel), Isabel Catugas (UDel), Tam Nguyen (UDel), Molla A. Ali (UDel), Raja H. Ganesh (UDel),
John W. Gillespie Jr. (UDel), Chian-Fong Yen (ARL), Daniel J. O’'Brien (ARL)

How We Fit Technical Approach Key Accomplishments/Path Forward

- _ _ - . . ‘ . = = . . " "
Materials-by-Design Process 0 Conductlng hlgh rate punch shear X Mlcromechgnlcgl modellng of Punch Shear & Micromechanical I\/_Io_dellng of Micro Pur_lch Shear STOCHASTIC MICROMECHANICAL MODELING OF PUNCH
_ Crush considering each Fibers, Fiber-Fracture, 1. Develop 2D & 3D Finite Element Model of Micro Punch
ndustry Scale-u Newly Designed . . .
ity ks experiments to understand the energy F-M Debonding, & Matrix Plasticity S_Egar Experiments Modeling Each Fiber of the UD SHEAR DAMAGE OF UNIDIRECTIONAL COMPOSITESIN 2D
. . . . .. . rrooon
Mechanism-based Strat % _ _ _ _
— ecsan:m aseUdraI:g;t | d|SS|pat|ng damage mechanisms as a “ Prediction of MAT162 Input Properties 5 Use Cohesive Elements for Fiber-Eracture with Bi-Modal [Mnditl?::zit;cur:;::ﬂih;:ﬁ;nf}
| pf‘;%np'::tg%m mtscies || smasions || oressng s funCtlon Of rate Of |Oad|ng Micro Punch Shear Experimental I\/Iethodology Welbull DISt“bUtlon. & Flber-M.at“X D.ebondmg from Rate Dependent Non-Linear Unidirectional Composites .
Crel sxporimanisto | | “canoniea® | | mirosruers . . 1 Fabricate unidirectional composite ribbons Microdroplet Experiments & Simulations Matrix Properties { Micro Punch Shear Test
T | Sinuite b‘:::f:it;_z& enviromment D DeVGIOplng mlcrO'ScaIe punCh Shear ' _ P _ 3. Use Elastic-Plastic Matrix Deformation form
Epainents mechanisns 5 _ 2. Develop micro punch shear experiments to test the UD Experiments
models to understand the evolution of composite ribbons i T
oy e : : 3. Develop datareduction and damage evaluation il i
damage mechanisms leading to. methodology [T )N - R
model based prediction of material e i s i A | I
. _ - SRR P OTARE Bas e Matrix Resin :>Fiber-Matrix CZM Elements Sl |:> — Matrix [E, v, 0, E,] MODEL "
Mecharnsm-based ApproaCh prOpeI’tIeS + S AR B AR R e Mixed Mode Traction-Separation g {ASTM] ) { VALIDATION ]
. o ,. : Fib _
Mesoscale ""”h’: ", e : e it | g - é Cohesive Traction
Structural scale Constituent scale T T T — - i : Separation Law for
' Mechanisms MQChanisms ﬁmmﬂ?m:m. ; Wﬁw & Matrix Resin I Fiber-M atrix IntEthﬂEE ]
e Pri » Fiber/matrix adhesi | , . . [T, 5, Gy Grpon Eppy Ex]
Tow encon || [ M simea  Structural scale punch it z . e RS
tension . Ei * Matrix shear _ I X ~ MD p - Equivalent 2D Model of
Fiber pull out - MAtEREIoNh Shear dam age < Y . - Vb S ElastiLEPru?E{trties u}f Fiber UD Composite Ribbon
* Matrix network architecture . i i E,v] {ASTM
Punch Cover Weibull Bimodal Strength X ! —
* Interphase shear mechanisms R~ ‘ —1- 4 - N | [ T
« Interphase tension " P(c,S) =1 . . . el RSJSEEE:A EGFEHH;I?::IJ [
* Interphase network architecture D MeSO-ScaIe fraCture Of 500 I - “L exp{—i<i> _i<i) } Q_' for Fiber Fracture - EeruthitknESSEDhESifE <::| _
P h - * Fiber-matrix compatib.ility . - = N : 500 N T T N I O — V Z 101 To1 102 P02 [T, s, i‘;ﬁ‘ﬁ?ﬁ”’ Exl Elements between Fiber _
e ie s:ggr « Shear plugging °[Lacr;s|\:ﬁir2:e0:§$$$:suon f|ber bund'eS, TR hay i — [ I 200 I hp Bimodal Fiber Strength Distribution < (SFTT, SFFT} J _ Segments y.
) — » Fiber pull out * L crostructure — e — R § ool somma | %
* Fiber/ distribut 5003 2 9% | aoimlow
sl b sl fragment lengths, & o e e FiE e r
« Property degradation Cross-Punc Fherpartsetp=100 T T T T T T§T T T T T [ T T 1 — £ ol — o}/ 171 o Prediction of Stochastic Punch Shear
FETHETSO « Primary yarn « Evolving, local anisotropy tranSVG Fse tOW CcracC kS . et _»i i<_ e oy Per Do 00 | L X £ // //% //// - Damage Behavior of Unidirectional
3 i Tow—tqw . tension * Fiber volume fraction - . I "';R 5 o f’//z - 4/ ’5 N S \ Composites FORTRAN
£ 4 delamination| « Interlayer shear » Constituent property variability D M |CrO-Sca|e flber ' 6 Fibers : SengeSnts ‘ Support Strength, GPa. Routine
; NG -  Rate sensitivity . 'S . opm
rDamage localization fracture, interface et LAY e Total No. of Nodes = 301k
Transverse * Transverse stress . Fi{)ne?-r::ealrer e 2 2 €S |z_e - T < U.oUpm Total No. of Solid Elements = 129k
tow cracks « Fiber criish debondlng1 and matrlx f’lX XZLZ —2356ﬁumm X 6opum Total No. of Fiber Segments = 1080 T N B R L - h -
 Fnerfmatric slding crackin = hr =S No. of Processors = 60 ransitions to A S WIthin
« Fabric architecture g Annulus Widtl”] a =150 um Total Solution Time =100 us
* Erosion ’

Disp. Rate. ity — L o/ Total Computational Time = 22 hours CMRG and tO Other CMRGS
Key Goals MajOr Results in 3D Following Items have been Transitioned to ARL:

N J The Micro Punch Shear Experimental Methodology
LONG TERM RESEARCH GOALS o e AL EFITNIE FT] d The 2D Finite Element LS-DYNA Model of Micro Punch Shear Test
dPredict the PUNCH SHEAR Damage Mechanisms of = [ _ . d LS-DYNA Keyword Programs in Building the Array of Fiber
Uni-Directional Composites found in ARL Canonical 2 | .=  : Segments
Perforation Experiments é | O FORTRAN Code to Generate Zero Thickness Tie Break Cohesive
dMicro-Mechanical Mechanisms of Progressive Punch o I ) [ s Surfaces for the Array of Fiber Segments

Shear Damage

0 001 002 003 004 005 006 0.07 008 009 0.10 FVEF =0.50

 The 3D Finite Element LS-DYNA Model of UD Composite Ribbon (in

t = 0.10 pis S 1.000e+00
6.000e-01 :I

all Micro-Mechanical Damage Modes described above

d Under Dynamic Loading Conditions using Developed
Direct-Impact Punch-Shear Tests (DI-PST)

IMPORTANCE & SCIENCE OBJECTIVES

JARL-CDM-UMAT in LS-DYNA uses PUNCH-SHEAR
& PUNCH-CRUSH Strengths, which are
experimentally Determined

dMicro-Mechanical Modeling of PUNCH-SHEAR
Experiments with Individual Fibers, Matrix, and Fiber-
Matrix Interphase will provide

d Fundamental Understanding of PUNCH-SHEAR Damage
Mechanisms
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This Project will:
» Provide fundamental understanding of punch-shear and punch-crush
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Crack Opening Displacement u, ym damage mechanisms under dynamic loading conditions
Micromechanical Traction Law Prediction for Transverse » Predict the MAT162/ARL-CDM-UMAT punch-shear/crush modeling

Matrix Damage of UD Composites

parameters (SFS, AM2, AM4, C1, C3, EEXPN, SFC, ECRSH)

» Direct impact punch-shear and crush experiments at mm-length scale
will provide model-validating rate-dependent data

» Predict computational damage surfaces under HSR multi-axial
dynamic loading conditions for which experiments are difficult

» Properties predicted at micromechanical length scale can then be
used to model continuum damage mechanics models.
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