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* Lecture Goals
v Tube(shell 22)2 | QAN FH sl M (explicit dynamic analysis)

= Y5l 5= ZatE Aot}
Contents

v" Tube impact analysis (RADIOSS example)

v Axial crush load of square section
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INTRODUCTION

Crash analysis of body structure
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TUBE IMPACT ANALYSIS
(RADIOSS EXAMPLE)



Ol X|: TUBE IMPACT EXAMPLE

Simulate buckling of a tube using half tube mesh with symmetric boundary conditions.

The figure illustrates the structural model used for this tutorial: a half tube with a rectangular section (38.1 x 25.4
mm) and length of 203 mm.

Model
*  The tube thickness is 0.914 mm. * p= 7.85¢° KgfmmE' Initial density
- E=210 GPa Young's modulus
.« v=0.33 Poisson coefficient
- o.=0.206 GPa [a] Yield Stress
0=0-

Copvriaht © Computational Desian Lab. All riaghts reserved.



HYPERCRASH AldH

—_

HyperCrash2017 A& =
Working directory & 3
(2 oo A= EC
XE)

'\, HyperCrash -

User profile, Unit system

A
=73

Run &l

v Altair | HyperWorks 2017

Copyright © 1986 - 2017 Altair Engineering, Inc. All rights reserved. | altairhyperwarks.com

Working directory: @E/Usersmamhee/DesktopN.’eek? 1_Box_Tube D""'
o I\RAD]OSS V2017 ﬂ

User profile:

Unit system: |\kN mm ms kg

User interface style: ¢ New (" Standard
v Always show at start-up 3 Run Exit

Copvriaht © Computational Desian Lab. All riaghts reserved.



| Cuality Connectionz  Wesh Editing Mass
£ & i
New F g T e

-] New Model

1055 o o o

W, Export

Print
Exit

Nastran...

o
{UNV File...

.CDB File...

.h3d nodes coordinates
LE-DWMA. .

PAN 26G...

Import HC Script File...
BOM data(*.csv)

CAUsers\Namhee;

Folders

A
A
[}
Dy
E}

Files of type
[Nastran Files( *.nas,* nastran;* dat*.bdf*blk,*bulk*fem) =+
Selection: C:\Users\Namhee\DesktoptWeek11_Box_Tube

[4]

| “Box_Tube_Mesh_Medel fem”

«Jok I ¥ cancel

File > Import > Nastran

=l
=

249 1

=28 7 =027

(Box_Tube_Mesh_Model.fem)
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HyperCrash Elasto-plastic M Z2| & (/MAT/LAW#)

1 Johnson-Cook (2) 1
L ey |
Zerili-Armstrong (2)
Hyd. Elasto-plastic (3}
Hyd. John=on-Cook (4)
Ductile damage (22}
Ductile damage (23}
Plastic brittle for shell (27}
Hill erthotropic (32}
Piecewize linear (35}
Hill ertho. tab. (43}
Cowper-Symonds (44)
Zhao (48)
Steinberg-Guinan (49)
Gurson (52)
T=ai-Wu tabulated (53)
Barlat (57}
Piecewize non-linear (80}
Hangel trip steel (63)
U&A trip steel (64)
Elastomer (65}
Plasticity compression tension (65)
Anisotropic Hill (72)
Thermal Hill orthotropic (73}
Thermal Hill orthotropic for solids (74)
Semi Anahetic Plastic (78)
“oshida Uemori (78)
Johnson-Holmguist (79
Hot stamping (80}
Swift-Voce (84)
Barlat2000 (87}

+ This model expresses material stress as a function of strain, strain rate and temperature.

 Particular type of Mises plasticity model with analytical forms of the hardening law and rate

dependence.

» JC is suitable for high-strain-rate deformation of many materials

Stress

My : *m
o =(a+bsp)1+cn£)1-1")

Influence of temperature change
Influence of strain rate
Influence of plastic strain

7 = Stress n= Hardening Exponent

“r = Plastic strain ¢ = Strain rate coefficient

a = Yield stress ¢ — SQtrain rate

b = Hardening modulus |4 — Reference strain rate

Strain Hardening Necking 2

A
Ultimate Strength

...........
.............

........
......

. Ngin,
Ger/,,g Str,
€55 Strai,-, a
Ur‘,e

~
&/

: s
: 5» § Fracture
= I
: = / 5)
[ 1A &
Strain; e‘?ﬁ
.é _5 : é 5 / Area Under Curve = Total Energy Dissipation Potential
2828
s % Elongation u
/ z l
ol .
£0.29 Elongation Offset Strain

10

Copvriaht © Computational Desian Lab. All riaghts reserved.



EEEEE

S S S R
Model| LoadCase RADIOSS Tools Dal &4 Review q :
i IE Browser ':'ﬂl Create New M Airbag n-'|aterial - 3 :

1 Create Template » Composite and Fabric b
: @ Fart 3 Delste Connection » :
1 m Material Clone Elastic and Hyperelastic  » 1
: B @3 Property |j| Cross Reference Elasto-plastic M|Johnson-Cook (2) :
1 Add to Material > Mesh Support » Honeycomb » Zerili-Armstrong (2) 1
1 ' I}J Friction Lock Hydrodynamic » Hyd. Elasto-plastic (3 :
UnLock Rock and Concrete ¥ Hyd. Johnson-Cook (4) 1

S _JOHNS
(e} 2
Title Mew MAT 2
Local Unit System None
R ——
[RHO_] Initial density® |7.85E-8 1
S
[RHO_0] Reference density 0
o —————————————_——
[E] ¥oung's modulus® 1210
[Mu] Peizson's ratio I.3 :
[Iflag] Flag for input type J0: Classic input for Johnson-Cook parameter a,b,n is i
[a] Plasticity yield stress® 206 1
L

[k] Plasticity hardening parameter 0

[n] Plasticity hardening exponent 0

[EPS_p_max] Failure plastic strain 0

[SIG_max0] Plasticity maximum stress. 0 jm—————————————— 3
[c] Strain rate coefficient 0 I.[Q TrTiR T T

[EPS_DOT_0] Reference strain rate 0

[Femoeth] Strain rate Smoothing O lh Add selected parts by box :
[F_cuf] Cuteff frequency for strain rate fitering 0 :.: - 1
[Flag] Hardening coefficient{define between 0 and 1) |[[] |! Remove selected parts by box 1
[Chard] Hardening coefficient(unieading) 0 lzotropic model : "'.TE Add selected parts of Tree :
[m] Temperature exponent o 1 - 1
[T_met] Melting temperature 0 : - tE Remove zelected parts of Tree :
[rhoC_p] Specific heat per unit of volume o 1 "‘.TE Add selected parts of Browser 1
[T_r] Room temperature 0 1 1
Heat O : '.TE Remove selected parts of Browser :
[ICC] Strain rate computation 0: Default zet to 1 1 1
e 1 @ Clean selected part(s) :

Support* 1 PART

Copvriaht © Computational Desian Lab. All riaghts reserved.

Model > Material 22/,
OrA 228 =2

Create New > Elasto-

plastic > Johnson-Cook (2)

=2
= T

Mz =8X 4=
[RHO_I]: 7.85e-6 kg/mm?3
[E]: 210 GPa

[Nu]: 0.3

[a]: 0.206 GPa

Support* &=2| 4%
Or2 A 22510 "Select
in graphics” A&,

Include picked part ( @)
=22 T ZE MEH

11



=
£ QI3

S ———
1
Model| LoadCase RADIOSS Tools Dal bl :
- 1
: I= Browser ‘) Create New M Airbag b 1
) 1
: . Part Create Template » Line 1 I
: m Material - Surface ¥ Pcompp :
T 1
|| & Property Volume k(Shell (1) I
1 1
o o o o o o o o B B B B Bt
el e
3
Title New PROP 3
Local Unit System None

[lz=mstr] Flag for shell small strain formulation

[l=hell] Flag for 4 node =hell element formulation
[l=h3n] Flag for 3 node shell element formulation

[idril] Flag for driling degree of freedom stiffness
[P_thick_faill Percentage of through thickness integration
[hm] Shell membrane hourglass coefficient

[hf] Shel out of plane hourglass

[hr] Shell rotation hourglags coefficient

[dm] Shell membrane damping

[dn] Shell numerical damping

[M] Number of integration points through the thickness
[lztrain] Flag to compute strains for post-processing
[Thick] Shell thickness™

[Ashear] Shear factor

[thick] Flag for shell resultant stresses calculation
[lplas] Flag for shell plane stress plasticity

Support®

Copvriaht © Computational Desian Lab. All riaghts reserved.

0: Use value in /DEF_SHELL
0: Use value in /DEF_SHELL
0: uge value in /DEF_SHELL
0: No

]

0
0
0
0
0
0
z

0: Default set to value defined with /JOEF_SHELL
L Cefgult spttovae definerd wdith NEC SHEL L, o o =

items

Model > Property =&l
A 228 2

Create New > Surface >
Shell (1) £ &

M= 84K 4
[Thick]: 0.914

Support* &=2| 4%
Or2 A 2Z 2510 "Select
in graphics” A&,

Include picked part (@, )

= (=) c
=25 7 22 8

Help:
/PROP/TYPE1 (SHELL)

12



)| Mesh Editing| Mass

i@ Mode 3

A |Title New RBODY 1

I Local Unit System None
Master node in time History (|

1
1
:
* ElEITIEI'It }: ILagrangemunipIiers O Create NeW = =
1
1
1
1

| Automatic master node B
@ rart 3

1

1

1

1

1

1

1

1

:

I | %, Rigid Body 0109 130¢ inertia 0 1 =
CHEASTR i I | e : : Slave nodes =0 A Ot

0

u :

0 1

1

1

1

1

1

1

1

| | Flag for activate/deactivate in run 0: Not ON/OFF in current Engine file (or docked)

I mass] Mass

1 [zz] JZZ inertia A leo=| EI _6 S | t .
] [Pyl XY inertia i T =2 _I_H elect In
1 |llyz] JYZ inertia h . E dd
I [xz) 1%2 inertia 0 : grap ICS A‘—-I - > A
I [ISPHER] Inertia 0: Default, setto 2
[ISENS] Sensor None
[NSKEW] Skew None
| [IKREM] Keep slave nodes in rigid wall 1
l [ICOG] Center of gravity computation 0: Default, sstto 1

nodes by box selection
e

|
|
|
|
|
[& Add/Remove nodes by picking selection |
|

I [loptoff] Manage domain decomposition of rigid body for |0: CPU cost of elements associated with rigid body is 1 I
C% AddiRemove nodes t:-y ellipse zelection 1 [lexpams] Manage connection through the rigid body bet |0 if the rigid body overlaps the AMS and non AMS dor 1
; a

- l-[Gnnd_id] Slave nodes* None H
LE!- Add nodes by box selection 4-’).---—-—r'-'-lﬂ———’—f— --------------- é:ll.l = e E =0
o =
---------------------------------------- —_ 1 T Save =

I._'b- Remove nodes by box selection

&) Add all nodes

ST

AN

.[} Include picked parts

S

T
!
H

Snsnantc

W

J—
u Add selected parts by box

““““‘

E Remove selected parts by box

L\

+h|E Add selected parts of Tree

COT

VAN

+h|E Add selected parts of Browser

A
=

TN

S

v

B
- tE Remove selected parts of Browser

S

A

SN
A

LUANA

cjﬁ Clean selected node(s)

1
1
1
1
1
1
1
1
= 1
- IE Remove selected parts of Tree 1
1
1
1
1
1
1
1
1
1
1

: : . : 13
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__________________________________ - @LoadCase > Boundary
_______________________ 1 'Y =2 O A
1 cs O
LoadCase | RADIOSS Tools Data Historyl ] 1 : I %O;dlth_D = " |-_'__
: 1 |[Title New BCS 1 1 | = é! 2 Create new %él
: § Added Mass i : ALE formul O : :
.- 1 Lagrange mult. formul. O
:IE- Boundary Condition i : - Tranemtion : I
- - - - 4 Jl| |maxtransiation | L N =
1 [T] ¥ translation %] 1 TX X‘”gl Ol-__ll_ E_'_ x—”ﬂ
: [TZ] Z translation EA 1
1 = Rotation : :
1 [RX] X rotation EA 1
1 [R¥] Y rotation %] 1 o . .
: [RZ] Z rotation 1%} : ?II-A-I X‘le—ll'?_l' ngld Rigl
1 [Skew_id] Skew None 1 —_
1 ||[Gnod_id] Support* 1 temns 1 Master node AI_-| E_II-I _?_ Save
1 1
[ J

=Rl
= 4

b [Gnod_id] Support (Advanced selector)

O

o
=

ST
OO
.

L
A%

[

1

: : . : 14
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> my
R, ~zonr
N M
[a'd

- PR
0 L
0y 2"
K- s o
T Nl
qmh m™
Ny H il K0
0 & M &

New BCS 2

. formul.
slation
slation

= clc|5
3 5| &
B= I =]

a|

ALE formul.

Lagrange mi

= Transla
[T Kt
Y

[
=

=

=}

=
=

ation

=

0

=4

[RY]Y

o Ooos &HEO

o

=

None

eV

a2

[Skew_id] S

I‘IIJZ items

Support (Advanced selector)

[Gned_id] Support®

b [Gnod_id

15
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AAEN 27t T HRE
25 A3

M
1

1

: Title New BCS 3
1 |/ ALE formul. |
: Lagrange mult. formul. O
1= Translation

1 [T¥] X translation |
: [T¥] ¥ translation i
: [TZ] Z translation |
17 Rotation

1 [FRX] X rotation |
: [R¥] ¥ rotation i
: [RZ] Z rotation

1 | [Skew_id] Skew None

: [Gnod_id] Support* (256 tem]
1| * [Gnod_id] Support (Advanced selector)

U U Sy (S ———

: : . : 16
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1
LoadCass| RADIOSS Tooks DataHistory Safety Process Options Help || 1 1 |_ d C > | d >
§ Added Mass S Sl ?,I ) New IMPVEL 1 1 Oa ase m pose
4 o ;
& Boundary Condtion 1 i Local Unit System Nong 1 Im Osed Ve|OiCt = E_I
I . ¢} Concentrated Load I I Lagrange multipliers O I | p y E =1 i
1 #p Contact Interface =R 1 1 [sensor_ID] Sensor Nene 1 | D |_ (@) A lex=]| EI —é— | d
I Convective Flux 1 [Tstarf] Start fime 0 r—= T = =3 -+ Impose
1 1
Eigen and Static Modes [Tstop] Stop time o M
I i ' | velocit
1 Elementary Boundary Conditions Sets 1 1|/ Ipin) Direction® 3: (translation) 1 | y o O
1 Flexible Bodies 1 || [funct_IDT] Time function* Iygne| II I
j b GraviyLoad 1 1 | 1Ascalex] X-Seale factor 1 1 |
- ’
J [ meoses ¥ 27 iposd Accseration : 1| iFscaley] v-5cale factor 4 1 '
1 . :n:a::tm duim gravity load O Imposed Dlsp.\a.cement I 1| skew_i0) Skew Nore 1
I o Initial Temperature Imposed Radiation Flux I [frame_ID] Frame None I H 1
1 ¥ il Veiocky 8 imposed ThermalFox ey 1| icoor] Type of usage of the cogr@inate system 0: Cartesian coordinates 1 TI me fu n Ctl on ACL‘I AC-)i
g :
I Initial Volume Fraction B} Imposed Temperature I I I d I;;JS r:‘ e N I 1 1
Load Velocty Field = 1 grnod_| uppol one T V | t
1, ”ﬂﬂn E:z | “ ¥ Impased Velocty 1 I+ (omod D) Suppogivanced selector) 1 m el €loCl y
e M AT, o e e T - 1 1
T -

- (0, -13.3) ~ (1e30, -13.3)

==, Function Window

Function name ;|

M X% 0.00E+000 Support 9 ngld _9__+__Q_

o e OpAE HH dE

1E30 133 Yelo@tOUE+000

-1.20E+001 ‘
0.000000E+000 5 nnnndn$_+nzg Too0odhE-030
Time: 0
Velocity: 0
Validate

| Undo Reference | | Save | | Cancel

aenu
R

RN

e
ARANy e nma

T

L

: : . : 17
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HyperCrash §=Z2712| &7/ (/INTER/TYPE#)

ALE/Lagrange with gliding (Type 1)
Kinematic condition (Type 2)
surface/Surface(Type 3)
Modes/Surface (Type S)

Rigid body/Rigid body (Type 6) . _Interface Type 7 is a general purpose interface and can simulate all types of
ey | impact between a set of nodes and a master surface.
1 r.1urt|usag& (Type T} 3 _
DFﬂWbEﬂdS (Type &) + This interface can simulate self-impact, especially buckling during a high speed
ALE/Lagrange with Void (Type 9) crash.

Tied with void e 10}
(Type 10) + Interface Type 7 solves all problems.
Edge to edge (Type 11)

Fluid/Fluid (Type 12} « The main advantage of interface Type 7 is that the stiffness is not constant and
increases with penetration preventing the node from going through the shell mid-

Ellips. surface/Node (Type 14)
surface.

Ellips. surface/Surface (Type 15)

MNodel/Solid (Type 16)

SolidiSolid (Type 17)

Fluid/Structure (Tyvpe 18)

surface/Surface with edge treatment (Type 18]
Multi usage constant stiffness (Type 20)
surface/Rigid surface (Type 21}

Airbag surface (Type 23)

surface/Surface (Type 24)

Zub-interface

: : . : 18
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I—I

ExXH MA

LoadCaze| RADIOSS Tools Data Histon

§ Added Mass

FI' Concentrated Lo

G o o o o e e N R R S S S S R RN RSN RSN RN SN S N N R R R R RSN R S S S R R RN R RN S R M S

PET

itle:

o ———
Self Impact

- ——
Local Unit System
Formulation
[lstf] Stiffness definition
[the] Heat contact

[lgap] Gap/element option

4P Boundary Condition

%o Contact Interface

o
) Create New

Create Template

b 4

ad -
g

New INTER 1
N S N N N NN N NN SN S N N S S

e ————

0: Classical

0: Defaut, set to value defined in /DEFAULT/INTER/TYPE
O

0: Defautt, set to value defined in [DEFAULT/INTERTY'PE

[Fpenmax] Maximum fraction of intial penetration 0

[lbag] Vent hole closure when contact

[idel] Node and segment deletion

[lcurv] Slave gap with cu

feopl ol curvare g

0: Default, =et te value defined in JDEFAULT/INTER/TYPE
0: Default, set to value defined in [DEFAULT/INTERTYPE
rvature 0: No curvature

0: Mot activated
N ——————————_—_—_—_—

[Stfac] Scale factor for stiffness 1

- ——
[dtmin] Limiting nodal time:

[Irem_gap] Flag for deacti

t-----------------------
step
ivating slave nodes if element s | 0: Default, =et te value defined in JDEFAULT/INTERTYPE

[Irem_iZ] Flag for deactivating the slave node, if the sam | 0: default, zet to the value defined in /DEFAULT/INTERT
-

l[Gapmin] Min. gap for impact activ.

‘F'ﬂ:d‘dﬁuﬂﬁnﬂ?ﬁaﬁfﬁr-"-'_-"-"-"-"-'-I

[inact] Stiffness deactiv.

[VisS] Critical damping coeff. on interface stiffness

[VisF] Critical damping coeff. on interface friction

[Tatart] Start time:
[Tetop] Stop time
[Bumul] Sorting factor

[ifric] Friction formulation
————————

[Fric] Coulomb friction

——————————
[Iferm] Friction penatty formulation

[Ifitr] Friction fitering

[sens_ID] Sensor to Activate/Deactivate the interface

(init. penetration) 0: Default, =&t to value defined in /DEFAULT/INTERTYPE

0: Defaut, set to value defined in /DEFAULT/INTER/TYPE
0: Mo fittering

MNone

[fet_ID] Friction coefficient with temperature function id |None
[AscaleF] Abscissa scale factor on FCT_IDK o

i PLoriatp nidgnrifier

[Ma.st u:l] Ma.ster surface‘
-——
3 [Hast |d] I|aster surface (Advanced selector)

Lor frirfion 45 Tniion, To0 SElF el LoNGe e e e s s o o o o e e

[8] INTER gruup 3 Df PART
-

g

¥ ALE/Lagrange with sliding (Type 1)

» Kinematic condition (Type 2}
Surface/Surface(Type 3)

5)

Rigid body/Rigid body (Type 6)

Muli uzage (Type 7)

y Modes/Surface (Type

Interface stiffness scale factor

LoadCase > Contact
Interface= &l

= 1,
O A O=2Z|

I:I|'_I_ T—= = :Ié__ “Multi

|
|
i usage (Type 7) =&l
|
|

Self Impact M3
[Stfac]

[Gapmin]: 0.9

[Fric]: 0.2

[Mast_id]: 22 M Ed

(1.0 real: contact stiffness is taken from the ma%ter segment)

Minimum gap for activation of interface

Copvriaht © Computational Desian Lab. All riaghts reserved.
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off 4 #|Oo|]A 278

Model| LoadCase RADIDSS Tools Datl

Model > Control Card= &

1
I Browser : H RUN_MAME_MNUMBER_LETTER
|. Part 1 1 Run Mumber |1| |
1 1 1 |[OT_STOP] Final time for run 10.01

Material = 5 T MM
: EE : I nestart letter  Default -LLI' El’ Dl E'I = Xc->|
I &y Property I 1
: [h Friction : ANIM_DT 1
1 /. Function 1 [TSTART] Start time o =l A-I EH
: Function 20 : [TFREQ] Time frequency 1 | 2= export (RADIOSS _l)
1 £ Function Scale and Shift 1
i i B :Sets printout frequency for output file
1 ControlCard [ g
[ R G (e
Print =100

ANIM_ELTYPE_RESTYPE_SUPPORT element data for the specified result
Type of element* ELEM
Name of the variable to be saved* WONM: von Mises stress
: Generates animation files containini
Variable name to be saved in animation file* WEL: Velocities
1 “fariable name to be saved in animation file* CONT: Contact forces

|File| Qualty Connections  Mesh Editin |
I
g N { {r-l
| & tew gl L]
1B New Model I
I I
1. % Import 1
I I
! |l§ Export b”RADH]SS... K
I I
I Print , Mastran... :
' .
1 Excit UNV File... i
I LS-DYNA. . I

P v



Alsl (RADIOSS)

Radioss2017 A=A

B e e oM MXFSE Do 2Eoje
RADIOSS 2017 i o -lsjla_f ot B2 =8 T
e ——————— Run &5

> HyperWorks Solver Run Manager (@DESKTOP-L2LMHEZ) — O b
File Edit View Logs Selver HyperWorks Help

Input file(s): BOX_TUBE test1_C000.rad =
Options:
[] Use SMF: -nt 2 (] Use MPI options Use solver control [] Schedule delay

Run Close

L o o o o o o o o e e e e e

** 0000.rad : Start File-SjjAd 2 &
** 0001.rad : sfA = S AN =2 & HE F

: : . : 21
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Contour Plot
Displacement(Mag)
Analysis system

1.330E+02
E 1.182E+02
1.034E+02
— 8.867E+01
— 7.389E+01
— 5.911E+01
4.433E+01
2.956E+01
1.478E+01
0.000E+00

Max = 1.330E+02
Node 321
Min = 0.000E+00
Node 87

Contour Plot
Von Mises(Scalar value, Mid)

2.019E-01
E 1.795E-01
1.570E-01
— 1.346E-01
= 1.122E-01
— 8.974E-02
6.730E-02
4.487€E-02
2.243E-02
0.000E+00

Max = 2.019E-01
SHELL 327
Min = 0.000E+00
SHELL 106

Copvriaht © Computational Desian Lab

. All riahts reserved.
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AXIAL CRUSH LOAD OF
SQUARE SECTION



Of| Xl: BEAM CRUSH ANALYSIS (1)

A B C D E F G H
6 to1
1to 1 3 to 1 3tad 4 to 1
il
g ( ) :.?ELHJ
\__/ 4
AR AN
2.T5
w L -
115.3%
T 113.6% — BASE t =0.055 in. (1.40 mm)
0 107.5%
- 100.0%
o
O [ |s6.5%
O
- -
< 69.2%
E [ |s57.9%
w
o
<
o 30.2%
w
-
<

Figure 3.6.4-1 Average static crush force vs. section shape
(All samples were the same mass and length)

: : . : 24
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Of| Xl: BEAM CRUSH ANALYSIS (2)

Geometry information

Length: 305 mm
b: 70 mm square 3
Thickness: 1.4 mm

Yield stress: 247 MPa

: : . : 25
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{UNV File...

% Import
W, Export
Print

.h3d nodes coordinates

LE-DWMA. .
Import HC Script File...
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Model > Material 22/,

[Fet_IDE] Function identifier for the scale factor of Young mod None
[EInf] Saturated Young's modulus for infinitive plastic strain 0

[CE] Parameter for Young's modulus evolution o

Heat O

ot >|
‘0 Create New ¥ Airbag material 3 D |'—C')— ﬁ —C')— % él :'6_
Create Template » Composite and Fabric 3 |
b 4 Connection 3 : Create NeW >
Elastic and Hyperelastic 3 . . .
Elastu—plasticyp M Johnson-Cook (2} : ElaStO‘plaSt|C > PleceWISe
Honeycomb ¥ Zerili-Armstrong (2) M
Hydr:dynamic ¥ Hyd. Elastu—pla:tii: ;3} : | I nea r(36) XH E g{ AC-)l
Rock and Concrete ¥ Hyd. Johnson-Cook (4) |
Visco-elastic ¥ Ductile damage (22} |
Fluid » Ductile damage (23)
Non turbulent flow Plastic brittle for shell (27)
Turbulent flow rﬂumw&ukicgz‘ht_r____. XH E %AO-I xl Ob’ Eﬁ:'
Other recewseiner 9 | an isotropic elasto-plastic material using [RHO_I]: 7.85e-6 kg/mm3
vsertistera! 2":“;;“: " user-defined functions : (E]: 250 ' G I‘Da g
Zhao (48} | .
| [Nu]: 0.3
B AS TARL e |
ot |
= |
D 2 |
Title New MAT 2 |
Local Unit System _Ncme___________________ :
[RHO_1) Initial density® I7.856 6 |
[RHO_0] Reference density |I2I :
[E] *roung's modulus® 1240 1 |
[Mu] Poisson’s ratio® B A :
[Eps_p_max] Failure plastic strain 1] I
[Epz_t] Tensile failure strain 0 |
[Eps_m] Tensile failure strain o :
[C_hard] Hardening coefficient 0 |
[F_=smooth] Strain rate smoothing O I
[F_cut] Cuteff frequency for strain rate fitering 0 :
[Eps_f] Maximum tensile failure strain o |
[WF] Strain rate cheice flag 0: Strain rate are total strain rate :
[fct_IDp] Pressure ve. vield factor function None |
[Fecale] ¥'-Scale factor for yield factor function 1 :
|
|
|
|
|
|
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PLAS_TAB

&

[

[Eps_m] Tensile failure strain

[C_hard] Hardening coefficient

[F_smooth] Strain rate smoothing

[F_cut] Cuteff frequency for strain rate fitering

[Eps_f] Maximum tenzile failure strain

[W'P] Strain rate choice flag

=[O =|=

(1]

(: Strain rate are total strain rate

[fct_IDp] Pressure vs. vield factor function Mone

[Fecale] ¥-Scale factor for yield factor function 1

[Fct_IDE] Function identifier for the scale factor of Young mod  None

[EInf] Saturated “Young's modulus for infinitive plastic strain 0

[CE] Parameter for Young's modulus evolution o
Heat |
= Strain rate

.-

S.Mo rpsjjutj Fscale_1

O Lock sorting

func_ID1

[Fscale_1] Scale factor ordinate (stress) 0
——————— -
[func_ID1] Yiel stress function® (1] New FUNCT 1
[Eps_dot_1] Strain rate EEmEmEmm—m———————
——
Support |1 items. 1 |
-——

<=, Function Window

Function name: ;| |

,4 M 5.181600E-001
o o
00 265 fix)
004 26576 2 590800E-001
0083 27845
018 33899
0312 39531
0447 .433475 0.000000E+000 dl dl
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X 0
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Model > Property =
nheA 222 3

aaaaaaa

PROP |

Create New > Surface >

|
|
f:E:ILUn'rt System None - i She” (1) —E*QI
[l=m=tr] Flag for shell small strain formulation 0: Uze value in /DEF_SHELL : _I':_”” 1 4mm cé} E_:ll
[lzhell] Flag for 4 node shell element formulation (: Use value in /DEF_SHELL i :
[l=h3n] Flag for 3 node shell element formulation 0: uze value in JOEF_SHELL
[idrill] Flag for driling degree of freedom stiffness 0: Mo E Eél 0'” 5’8 &! %
[P_thick_fail] Percentage of through thickness integration poir |0
[hm] Shell membrane hourglass coefficient 0
[hf] Shell out of plane hourglass ]
[hr] Shell rotation hourglass coefficient 0
[dm] Shell membrane damping ]
[dn] Shell numerical damping 0
[M] Mumber of integration points through the thickness ]
[Istrain] Flag to compute strains for post-processing 0: Uze va JDEF_SHELL
[Thick] Shell thickness*® E_:___-_-
[A=hear] Shear factor 0
[thick] Flag for shell resultant stresses calculation 0: Default =&t to value defined with /OEF_SHELL
[lpla=s] Flag for shell plane stress plasticity 0: Default §&fo value defined with /OEF_SHELL
Support® I-h E\'—'TR? - =

Cancel
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Title

Self Impact

ocal Unit System

ormulation

Istf] Stiffness definition

J[itthe] Heat contact

:[Igap] Gap/element option

I[Fpenmax] Maximum fraction of initial penetration
:[Ibag] Vent hole closure when contact

I[idel] Node and segment deletion

:[Icurv] Slave gap with curvature

I[ladm] Local curvature flag

l[Stfac] Scale factor for stiffness

|[dtmin] Limiting nodal time step

jlrem_gap] Flag for deactivating slave nodes if element size < g
I[Irem_iz] Flag for deactivating the slave node, if the same conta:
J[Gapmin] Min. gap for impact activ.

Ip [I_LBC] Bound. cond. deactivation

l[lnacﬁ] Stiffness deactiv. (init. penetration)

|[‘U'155] Critical damping coeff. on interface stiffness
J[VieF] Critical damping coeff. on interface friction
Tstart] Start time

:rl's.tup] Stop time

:[Bumult] Sorting factor

MIfric] Friction formulation

I[Friu:] Coulomb friction

[iform] Friction penalty formulation

[Ifittr] Friction fitering
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[A=caleF] Abscizsa scale factor on FCT_IDK

[fric_ID] Frictien identifier for friction definition for selected pairs
-

[Mast_id] Master surface*
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AVERAGE STATIC CRUSH FORCE
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Figure 3.6.4-1 Average static crush force vs. section shape
(All samples were the same mass and length)
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