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Table 1 - Mechanical properties of materials,

CZM HTS/MTM46 laminate Steel Rubber
Gie [N/m] 100 Ex [GPa) 120.80 210.00 0.05
Gye [N/m] 900 Ey; = Ex3 [GPa] 8.12
Gue [N/m] 900 Giz = Gys [GPa] 3.29
Timax [MPa] 24 Gyg [GPa] 1.60
trmax [MPa] 100 Y12 =13 0.28 03 0 .48
Lamax [MPa] 100 Xr [MPa 2036.50
Xc [MPa 1116.00
Y [MPa] 24 80
Y [MPa] 180.00
S [MPa] 188.00
Density [kg/m”] 7800.00 1250
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MName: Inertia-1

Name Type
Type:  Point Mass/Inertia

gl Inertia-1 Point mass/inertia

Region: Set-1 [3

Magnitude | Damping

| (Cese.] (o] [Come] [Feme.) (Doete] [Dimiss] Mass
- e R e A - @ Isotropic: 0,783

© Anisotropic:

Rotary Inertia
[ Specify off-diaganal terms
1L

D2

B2

CsYs: (Globaly [y L

Note: Values will be applied per point.

oK

property Jsae ;o >l a olg> ool (F-0) S
lsl S5 cnl sl g oS 0l 1) (ol b o)ls a2 )0 jho (655 Cuzr oS sl Y sl 55

Syl plgs

Type: Engineering Constants E|

[] Use temperature-dependent data

MNumber of field variables: 0

Meduli time scale (for viscoelasticity): Long-term E|

[ Mo compression

7] No tension
Data
E1 E2 E3 Nul2 Nul3 Nu23 G12 G13 G23
1 30420000000 4023000000 4023000000 0.29 0.29 0.3928 2080000000 2081000000 1440000000

59005 oole S ples (0-0) S

S oo Syl i |y o eelS oale cenSls ols IS ksl (sl

WY



o Congey ol S s (6l 1 4y S i 5300l apYaiy Slxkio (5008 ol

. s & ‘P‘P’

Hashin Damage

Alpha: |1
[] Use temperature-dependent data
MNumber of field variables: 0=
Data
ongitudinal Tensilgitudinal CompresTransverse Tensilensverse CompressLongitudinal Sheai Transverse Shear
Strength Strength Strength Strength Strength Strength
1 686000000 620000000 39000000 128000000 §2000000 140850000

59005 oole CuSl plem> (F-0) S

oS 0 Olg JolS jgodn 1y 20 590elS eole olgm Coles jo g

Damage Evolution
Damage Stabilization
Density
Elastic

25920l oole 0 S Jlxe (V-0) S
LY SO g ooy COMPOSIte layup ceownd o,lg a0 a0 (5.5 Cuz b aY o o8 gl 55
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% Edit Composite Layup

2]

Name: CompositeLayup-1

Element type: Continuumn Shell Description: ||

Layup Orientation

M a

Definition: | Part global

Part coordinate system

Nermal direction: ) Axis1 ) Axis2 @) Axis 3

Section integration: @ During analysis () Before analysis

Thickness integration rule: @ Simpson () Gauss

Plies | Shell Parameters | Display |

Stacking Direction

() Element direction 1
(71 Elernent direction 2
(@ Elernent direction 3

() Layup orientation

[7] Make calculated sections symmetric

Element
Ply Name Region Material Relative
Thickness
1v Ply-1 (Picked) compositel 0.5

Rotation
C5YS Angle
<Layups 0

Integration
Points

3

Cancel
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4 Edit Composite Layup ‘ ’ M

Name: Compositelayup-1

Element type: Continuum Shell Description: ‘ |

Layup Crientation Stacking Direction
Definition: | Part global E|| 8 () Element direction 1

Part coordinate system () Element direction 2
@ Element direction 3

Mormal direction: (0 Ais1 (D) Axis 2 @ Axis 3 () Layup orientation

Section integration: @ During analysis ) Before analysis

Thickness integration rule: @ Simpson (0) Gauss

Plies | Shell Parameters | Display |

[T Make calculated sections symmetric I%E EE',J | % E‘H‘_ | I%é E‘% | = &.j | ¥
Element = 2
Ply Name Region Material Relative csYs ""w"”'l':" I“‘mﬁ‘s“’“
Thickness
1v Ply-1 (Picked) compositel 05 <Llayup> 90 3

Az 10 055 g emelS Y ST LSy (A-0) S
@ |y Olas datum o 25 b aS conl al> o ol a5 Cagd 9351 g ouls assembelly  Jgow o5

Do bl plo 4 S s b Cojerell b oakij a0 0,95 0 Jome (97 a5 e 8 Jiou Wiz

..\.M.»L’ asly SF Py

assembelly Joao jo Lidw diz 4 oo j9uelS amio (48,5 qunds (V+-0) IS

oS 1S Slmy) tad S YU S5 illae sl gl olo (6,050 b Y 90 o gl 1)

Sg ool bul 4y 65, slemn Liw lom
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[} Include adiabatic heating effects

Step Jouo ;0 Jlai 3,90 slo 29,5 5wl B9 g5 cpnns (VF-0) S
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& it Fidll OUMut ReqUist P £

Marme: F-Output-1
Step: Step-1
Procedure: Dynamic, Explicit

Domain: Whole model E| [ Bxterior only
Frequency: | Evenly spaced time intervals EI Interval: |10

Timing: Cutput at approximate times E|
Output Variables
@ Select from list below () Preselected defaults () All () Edit variables

CSQUADSCRT,DAMAGESHR, DMICRT,E,RF.5,5TATUS,U,V,

3 Stresses o
P Strains

3 Displacement/Velocity/Acceleration
4 Forces/Reactions

p [ | Contact
4
4
4

m

[C] Energy
Failure/Fracture
[] Thermal

< | 1 3

[C] Output for rebar
Output at shell, beam, and layered section points:
@ Use defaults () Specify:
Include local coordinate directions when available

[] Apply filter: | Antialiasing

field out s jo i o )90 o sl (6l gllan polie fpons (VO-0) S
Hok) S (6,lALde history output ceoud jo Wb 1) sl ol )b (6 s G bl o gkay
(oS aeius il oo 1) ateinn SE S 5 (5%lik 12 b 095 0 (e 50 035l (598 JUie
ol sl ogo Al > o (pl g 00y (gil—dae wiuld Glo IS p e 1 SO gy Al o
S oo i |y Y YL L Al g S00Ss b yj5elS slo Y (o interaction
Syl (b3 sl Al yo ;5 GusSLT o 55 (28 iy Ojg0 4T (ol GRS o plod ozl o
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BT it Individual Contact Pro /|
Step: Step-1
Select Pairs and Contact Property r Contact Property Assignments
(Global) 4| (Selfy || IntProp-2 Global property assignment: fake
CP-1-comp-0-1 CP-1-comp-0-1 L2L First Second Property
CP-1-comp-90-1 CP-1-comp-90-1 fake. Surface Surface Assigned
CP-2-comp-0-1 | ||| CP-2-comp-0-1 | |/ tup-impact CP-1-comp-0-1  CP-1-comp-80-1 L2L
CP-2-comp0-2 |7 | CP-2-comp-0-2 |7 CP-2-comp 901 CP-2-comp-90-2 L
CP-2-comp-90-1 CP-2-comp-50-1 CP-4-comp-90-2  CP-5-comp-0-2 2L
CP-2-comp-30-2 CP-2-comp-20-2 tup-1.5urf-1 comp-0-1.5urf-1 tup-impact
CP-3-comp-0-1 | CP-3-comp-0-1
CP-3-comp-0-2 CP-3-comp-0-2
CP-3-comp-90-1 CP-3-comp-90-1
CP-3-comp-90-2 CP-3-comp-90-2
CP-4-comp-0-2 CP-4-comp-0-2 @ (inallsteps)
CP-4- -90-1 - | CP-4- -90-1 -
comp comp MNote: When assignments overlap, more recent
assignments override earlier assignments
N as well as the global assignment.
Highlight selected regions

a0, o paS ol ol (VA-0) S
9@U)¢Q¢gwwjoo)5gl.>}_‘;§|‘)L2L pbea bl Y o wled sl (599 I3 Gillas
oS (o0
o2 b al wled

Aozl Toad s alisee Lolgs (2059008 diges sl Y (uled (gl Coonn 3 ()l o

5%&»&0990 ‘;W d.ol.’)L_e) swLoJ Ls‘)l.wﬁla‘_s\)j.o&)u) c\wLod LS""’LQ'Q)L‘"Q)

oS (o0 Aty Dygo |y Y 90 o kel wles )5 Tuc]

Tangential Behavior
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& [yt Contact Property | 0 IR 2 =)

Mame: L2L
Contact Property Options

Tangential Behavior

Mormal Behavior

Cohesive Behavior
Damage

Geometric Properties

Mechanical Thermal Electrical

Tangential Behavior

Friction formulation: | Frictionless H|
g
S bl ¥ olad 5o ooloe adlse L3, (VV-0) U
oS (0 O)ls |y uled N g,Lad L (soges adlge (U, v Al ey s
& Eit Contact Propery . 0 I - 4 S
Mame: L2L

Contact Property Options

Tangential Behavior

Mormal Behavior

Cohesive Behaviar
Damage

Geometric Properties

Mechanical Thermal Electrical

Mormal Behaviar

Preszure-Overclosure: ‘ Linear E“

Constraint enforcement method: ‘ Default ‘

I Contact stiffness: | 1E+012

S0Ss L o Y oled 5050c adlge 15, (VA-0) S

oS (0 Ol Jaw yo

1 Normal Behavior
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o= Edit Contact Property .- ’ g

Mame: LZL
Contact Property Options

Tangential Behavior

Mormal Behavior

Cohesive Behavior

Damage
Geometric Properties

Mechanical Thermal Electrical

Cohesive Behavior

Allow cohesive behavior during repeated post-failure contacts
Eligible Slave Modes

I () Any slave nodes experiencing contact

@ Only slave nodes initially in contact

() Specify the bonding node set in the Surface-to-surface 5td interaction

Traction-separation Behavior

@ Use default contact enforcement method

() Specify stiffness coefficients

Sy bl Y uled o (S ,l8, (19-0) IS

oS (o Ol Joe j0 5 Shge ] b Y ClSh Jlisu goges g g sla IS e

_
2 Edit Contact Property .- 2 u

Mame: L2L
Contact Property Options

Tangential Behavior
MNarmal Behavior

Cohesive Behavior

Geometric Properties

Mechanical Thermal Electrical

Damage

Specify damage evolution
Specify damage stabilization

|| | mitiation | Evolution | Stabilization |

Criterion: | Quadratic traction E”

Maxirmum Mominal Stress

[C] Use temperature-dependent data

Mumber of field variables:

Normal Shear-1 Shear-2
Only Only Only
8.5E+007 8.5E+007 8.5E+007

J50Ss b b ¥ led 4y bgype conSs olgm (Yo-0) JS
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== Edit Contact Property - - - 4 M

Mame: tup-impact

Contact Property Options

Tangential Behavior

Marmal Behavior

Mechanical Thermal Electrical
Tangential Behavior

Friction formulation: | Penalty EI

| Shear Stress | Elastic Slip

Directionality: @) Isotropic () Anisotropic (Standard only)
[] Use slip-rate-dependent data
|I [] Use contact-pressure-dependent data

[] Use ternperature-dependent data

e

Mumber of field variables: 0=

Friction
Coeff
0.3

oS o0 2Bl o wled g9 5l ) (6 Lad b (sogee (pwled (5955 Hli8) £ o5 e
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Mame: tup-impact

Contact Property Opticns

Tangential Behavior

Mormal Behavior

Mechanical Thermal Electrical

Mormal Behavior
Pressure-Overclosure: "Hard" Contact H

Constraint enforcement method: | Default EI

Allow separation after contact

aliy gzl o oled @ bgrye (g350e (55L08 (S (VY-0) S0
0905 puly> Jloel | g adgl Cae p (6500 sl i conls 10ad Al o 51y y5sST]
oS o0 (§050s SLiwly 0 CS > g ade Al 4 by e ao e adads o]
S oo Jlosl oz oo 5, Glo Y Sy Cwond 93 ) (6550 Ll d e
m29lise 0929 )Y 5970 40 S (B X gm0 S ()5 b (3o caend (sl Lules
9 s JS Joo 5l (olS 0905 Lo s @) o oo (p B

Step-1

Created
Created
Created
Created

Step procedure: Dynamic, Explicit
Boundary condition type:  Displacement/Rotation

Boundary condition status: Created in this step

[ Copy... ] [Renﬂme...]

aVaiz 4 bae 55kl Jleel (YF-0) S
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Abstract:

A finite element (FE) simulation using Abaqus software for continuum shell elements is
proposed to simulate the compression after impact (CAIl) behavior and predict the
strength of composites. This test method determines the damage resistance of
multidirectional polymer matrix composite laminated plates subjected to a drop-weight
impact event. The composite material forms are limited to continuous-fiber reinforced
polymer matrix composites. A flat, rectangular composite plate is subjected to an out-of-
plane, concentrated impact using a drop-weight device with a hemispherical impactor.
The plate under investigation was of [+0/90] s lay-up and 4 layers. Continuum shell
elements with Hashin failure criterion exhibit the composite laminate damage behavior.
The impact response is quantified in terms of the resulting size and type of damage in the
specimen.

The impact response properties generated by this test method are highly dependent upon
several factors, which include specimen geometry, layup, impactor geometry, impactor
mass, impact force, impact energy, boundary conditions, the coefficient of friction
between surfaces of laminate and impactor, hard contact between layers and etc. Thus,
results are generally not scalable to other configurations, and are particular to the
combination of geometric and physical conditions tested. Furthermore the adhesive bond
between fibers in composite is assumed as a constraint with stiffness, normal and
tangential properties and other features of layer bond. Impact strength and failure of
several panels were investigated. The results of analysis are presented. The proposed FE
model reveals good strength predictions and indicates good agreement with valid results,
making it a valuable tool for strength prediction of stitched composites.

Keywords: FE Simulation; polymer matrix composite laminated plate; Bond between

layers; Low velocity impact; Hashin failure



’ﬁ/t&)‘,’.@”
Shahrood University of Technology

Kharazmi International Campus

M.Sc. Thesis in Applied Mechanics Engineering

Numerical analysis of low velocity impact on laminated
composite plates

By: Reza Gholami

Supervisor:
Dr Mohammad Jafari

February 2017



