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» Crash analysis

» Beam crush analysis
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INTRODUCTION (1)

Crash analysis of body structure




)

Xny1 = f(xp,

I
Kio = KO X
T} = =< = .
=N RS a0 0 ML
ERR =) o O
—_ o
5 50 & ay
|~ T H o
= | & = O = oy o
ol PM ._L_nﬂn_ mn_ gl I|__| _U__H 100
| 2 T ol T o m 0lJ
g2lF mrmogs 4o ™
3| &) mMETER o TN
X of = M= <4 T 8 20 <
R
B
of
~ | om o T 2 =
o = | O 5 5=
~— s & o o2 RO o) m
£ ARG s
Z e - S
A Il I oF
O = Lod Lo R0
— I A e =3 _
- = 2] uT o o O 1 = od
®] SiE|b o H D3
) ~EEIWH @ oo < O
Ay *|E|T T mozoo o
(@) < B0N O ED @loon e g0
-

)=20

Copvriaht © Computational Desian Lab. All riaghts reserved.

f(xn+1' Xny ee




INTRODUCTION (3)
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0| X|: BEAM CRASH ANALYSIS

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.



BEAM CRASH EXAMPLE
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HYPERCRASH &

—_

HyperCrash2020 &3 =
Working directory 278
(R3O0l = EHE
INES)

HyperCrash

User profile, Unit system

A
=73

Run &l

Altair HyperWorks™

2\ ALTAIR

i ———————————————_—_—_—_—_—_

Working directory: C:/Users/Namhee/Desktop/Week11_Box_Tube |1
|
Unit system: l\kN mm ms kg

User profile: RADIOSS V2020

User interface style: @ New ( Standard

v Always show at start-up

¢
@
¢
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| Cality Connections  Mesh Editing Mass

F gt &7 £
New Model

TN o R ——
Nastran...

W, Export
Y TIIIT
Print UNV File...
Ext

.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

=l

[4]

| “Box_Tube_Mesh_Medel fem”

«Jok I ¥ cancel

File > Import > Nastran

=l
=

20U 2 5 £2{Q7]
(Box_Tube_Mesh_Model.fem)




EEEEE

Model| LoadCase RADIOSS Tools Dal

1 ||ZE Browser

I @ Fart
I-[T wmaterial
: :EFS Property
: Add to Material >

1 ] Gy Friction
I [ ]

&5 Review »

':'ﬂl Create New M Airbag material

Create Template » Composite and Fabric
K Delete Connection
Clone Elastic and Hyperelastic

& cross Reference Elasto-plastic

Mesh Support » Honeycomb
Lock

UnLock

Hydrodynamic

Rock and Concrete

b

3

3

3

¥|Johnson-Cook (2}

¥ Zerili-Armstrong (2)

» Hyd. Elasto-plastic (3}
» Hyd. Johnson-Cook (4)

S_JOHNS

(e}

Title

Local Unit System

[RHO_] Initial density®

[RHO_0] Reference density

[E] *oung’s modulus®

[Mu] Peizson's ratio

[Iflag] Flag for input type

[a] Plasticity yield stress®

[k] Plasticity hardening parameter

[n] Plasticity hardening exponent
[EPS_p_max] Failure plastic strain
[SIG_max0] Plasticity maximum stress.

[c] Strain rate coefficient

[EPS_DOT_0] Reference strain rate
[Femowth] Strain rate Smoothing

[F_cuf] Cuteff frequency for strain rate fitering
[Flag] Hardening coefficient(define between 0 and 1)
[Chard] Hardening coefficient{unicading)
[m] Temperature exponent

[T_mek] Melting temperature

[rhoC_p] Specific heat per unit of volume
[T_r] Room temperature

Heat

[ICC] Strain rate computation

ALE

Support*

2
Mew MAT 2

Mone
o ————————————————

172568

1

o —————————
1210

i 1
I.3 1
10: Classic input for Johnson-Cook parameter a,b,n iSi:
I 208

L L L L ]

0

ENEEEEE

: Izotropic model

ol o ol ol o

O

0: Default setto 1

11 paRT

jgm === —=——=——=e3

.h Include picked parts

—
:h Add selected parts by box
:'_*- Remove zelected parts by box
I =

1 "'|E Add zelected parts of Tree

1
1 -nta Remove selected parts of Tree

[

1 "'tE Add selected parts of Browser

[ n}
- tE Remove selected parts of Browser

: @ Clean selected part(s)

L
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= 1,

Model > Material
OffA 28 =2
Create New > Elasto-

plastic > Johnson-Cook (2)

=2
= T

NERCRE
[RHO_I]: 7.85e-6
[E]: 210

[Nu]: 0.3

[a]: 0.206

ot “Select
in graphics” 1 &4,
Include picked part ( ®,)

= (=) c
=25 7 22 8

11



=
£ QI3

Model > Material 22/,

" oA 232 S
Model| LoadCase RADIOSS Tools Dal bl I T —"T== T
Ulm Browser e . : Create New > Elasto-
1 3 Create New K Airbag r .
' F—— e X : plastic > Johnson-Cook (2)
Part reate Template 3 ' =g
: (T Material b4 Surface ¥ Pcompp 1 = 1
1 1
1@ Property Volume k(Shell (1) :
1
1 L
Mz =8X €
[Thick]: 0.914
T
3
Title New PROP 3 S (@]
Local Unit Syst N Support* =0l 42
opcalln WEIEm one _
O A o=g| u
[l=mstr] Flag for shell small strain formulation 0: U=se value in /DEF_SHELL |-_'__ = _Ioll-HO:l SeleCt
M M n
[Ishell Flag for 4 node shell element formulation 0: Use value in /DEF_SHELL Iin graph|cs M =1
[l=h3n] Flag for 3 node shell element formulation 0: uge value in /DEF_SHELL InC|Ude p|cked part ( -b)
Idrill] Flag for driling d f freed tiff 0: N = S =
[idril] Flag for driling degree of freedom stiffness o = él = =} é| AJE_II'l

[P_thick_faill Percentage of through thickness integration | 0
[hm] Shell membrane hourglass coefficient
[hf] Shel out of plane hourglass

[hr] Shell rotation hourglags coefficient

0
0
0
[dm] Shell membrane damping 0
[dn] Shell numerical damping 0
[M] Number of integration points through the thickness |0

0

[lztrain] Flag to compute strains for post-processing

[Thick] Shell thickness*® 1914 1

[Ashear] Shear factor 0
[thick] Flag for shell resultant stresses calculation 0: Default set to value defined with /JOEF_SHELL

[Iplas] Flag for shell plane stress plasticity L Deiaut setinals defined with JOEE SHFL o 1
Support® tems 1

: : . : 12
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1
= 1
: i@ Mode b:
: & Element h:
[ @ rart '
U RodBody

[& AddiRemove nodes by picking selection
C% AddiRemove nodes by elipse selection
I:E" Add nodes by box selection
I:E- Remove nodes by box selection
&) Add all nodes
.[} Include picked parts
':‘ Add selected parts by box
':‘ Remove selected parts by box
+h|E Add selected parts of Tree
-hta Remove selected parts of Tree
+h|E Add selected parts of Browser
-hta Remove selected parts of Browser

cjﬁ Clean selected node(s)

i New RBODY 1
I Local Unit System None
: Master node in time History (|
1 Lagrange multipliers O
| Automatic master node B
| | Flag for activate/deactivate in run 0: Not ON/OFF in current Engine file (or docked)
I mass) Mass 0
I [J2cx] JHX inertia o
Hyy] 1YY inertia (]
[zz] JZZ inertia o
1 [Jxy] XY inertia o
| [vz] J¥Z inertia o

| ['xz] JXZ inertia (]
1| psPHER] Inertia 0: Default, setto 2
1 [ISENS] Sensor

None
[NSKEW] Skew None
[IKREM] Keep slave nodes in rigid wall 1

0: Default, setto 1

I [ICOG] Center of gravity computation
l [loptoff] Manage domain decomposition of rigid body for | 0: CPU cost of elements associated with rigid body is r I
|| lexpams] Manage connection through the rigid body bet |0: if the rigid body overlaps the AMS and non AMS dor 1

1 [Gnod_id] Slave nodes* Hone 1
M ______________ -

[ o o e

T

T
T\
‘==-
A

O
s

munnt
“““
Snsnantc

W

COT

S

COTU
N

mu
O
ST

A

S
e
SN

A
RV

SN
A

LUANA

N
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Mesh Editing > Rigid Body

= 1, T T =" T
Create New 2 &l

Slave nodes
A O3z
— T =2 "7

=0 O
2 Select in
graphics &4 > Add
nodes by box selection

M EH
210 20| tube & BEH
MEH = sgve 2E
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@L:a;;a;'ana;;:;';n“' @ cormememememenenany ffLoadCase > poundary
0o ata Hist iti
| oy e 1 1S Condition 2&!, Of2A
N o~
I § Added Mass I s o =t P 2 2& Z Create new 2 &
:Ii‘ Boundary Condition : j | Lagrange mut. formul. O : '
. _l 1 = Translation 1 |
----- 1 [TX] X translation ] 1
1 [T"] % translation | | 1 .
: [TZ] Z translatien | : TX X-||_9|O|'_TI_ E—IIZ— X‘”ﬂ
1 = Rotation
1 [RX] X rotation = : I
1| |[R¥]Y rotation = 1 I
1 [RZ] Z rotation 1
1 : i 1 o} xS . .
1 [Skew_id] Skew None 1 EA-I X-" _||-cl)_l- ngld Rigl
1 ||[Bnod_id] Support* 1h 1 =
1| ¢ [Gnod_id] Support (Advanced selector) N 1 MaSter nOde AI_-I E_II-I _?_ Save
- 1 %EI
—

e
SRsitideees
0
O

L
=

L
[
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RZ, RX,

—_
o

T

x2 7}

BA
RY M3

New BCS 2

. formul.
slation

[T Xt

ALE formul.
Lagrange mi
= Translati

slation

=]

a|

=
=

™Y

[
=

=

ation

0

[RY]Y

o Ooos &HEO

o

=

15

None
I‘IIJZ items
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Support (Advanced selector)

eV

[Gned_id] Support®

b [Gnod_id

[Skew_id] S



Bes o TTTTTT T EEs
D 3

Title MNew BCS 3
ALE formul.

AAEN 27t T HRE
25 A3

Lagrange mult. formul.

O
[
= Translation

[TX] X translation |

[T¥] ¥ translation i

[TZ] Z translation |
< Rotation

[FX] X rotation 3]

[R¥] ¥ rotation i

[RZ] Z rotation
[Skew_id] Skew None
[Gned_id] Support | 256 ttems]
b [Gnod_id] Support (Advanced selector)

10
n
Q
<
()

e o o e o e -
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LoadCase| RADIOSS Tooks DataHistory Safely Process Options Help

F @ *
§ Added Mass " B r @ @a §

)4 Boundary Condtion

_ ¢l Concentrated Load
#p Contact Interface =

T convective Flux

1

1

I Eigen and Static Modes

1 Elementary Boundary Condtions Sels
I Flexible Bodies

1 e} Gravity Load
1

1

1

1

1

1

Imposed ¥ Ar Imposed Acceleration

Initial state due to gravity load 5 Imposed Displacement

B Initial Temperature Imposed Radiation Flux

T Initial Velocity g® Imposed Thermal Flux Density
Initial Volume Fraction B} imposed Temperature

Load Velocity Field FI’ Imposed Velocity

L oniored volumes, -
L R R ] . . . .

==, Function Window

M X% 0.00E+000

Time{

Function name ;|

1

j New IMPVEL 1 :

i Hone I
I Lagrange multipliers | I
I [sensor_ID] Sensor None I
1| [start] Start time 0 1
I [Tstop] Stop time o I
1| [pir] Direction* X: (translation) 1
I [funct_IDT] Time function® Iygne| II
I [Ascalex] X-Scale factor 1 l
0| Fscaley) v-scale factor 1 1
1 [skew_ID] Skew Meone 1
1 [frame_ID] Frame Mone 1
I [icoor] Type of usage of the cogefinate system 0: Cartesian coordinates I
I [grnod_ID] Support® None I
I lgrnod_iD] Suppog#dvanced selector) 1
I VS —

VelucM

1E30

Time:
Velocity:

-133
11323 Velo@@E+000

-1.20E+001

I ?
0.000000E+000 5.000000E+029 1.000000E+030

0
0
Validate

Time

| Undo Reference | | Save | | Cancel

aenu
R

MU

e
ARANy e nma

T

L
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@LoadCase > Imposed >

¥ Imposed Veloicty 8,

| 02L& 228 2 Imposed
| velocity 24
|

|

Time function 24
(Time, Velocity)
-2 (0, -13.3) ~ (1e30, -13.3)

Support - Rigid 22
ORAE B A
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MEXH MH

LoadCase > Contact

Interface= 2!,

022 25 2 "Multi

=2
= T

LoadCase| RADIOSS Tools Data Histony & Hevie Y

‘& Create New ¥ ALE/Lagrange with sliding (Type 1)
§ Added Mass

4P Boundary Condition
FI' Concentrated Load

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

Data Histon p ModesiSurface (Type 5)
Clone Rigid body/Rigid body (Type 6)
e Muli uzage (Type 7)

G crengesushpe  Mubivsagepen) |} @Self Impact N =2

,,,,,,, [Stfac]

|
|
i usage (Type 7)
|
|
|

%o Contact Interface

PET .
o 1 [Gapmin]: 0.9
Title New INTER 1
_—_—_—_—_—_—_—_-_—_—_—_—_—_—_—_1 . .
Iseirimpact [Fric]: 0.2
T
Local Unit System None . E E'" A-I EH
Formulation 0: Classical [Mast_ld]. = L_- 1
[Istf] Stiffness definition 0: Default, set to value defined in /DEFAULT/NTER/TYPE
[the] Heat contact O
[lgap] Gap/element option 0: Default, set to value defined in /DEFAULT/INTERTPE
[Fpenmax] Maximum fraction of initial penetration 0
[lkag] Vent hole closure when contact 0: Default, =et to value defined in /DEFAULT/INTER/TYPE
[ide]] Node and segment deletion 0: Default, =&t to value defined in /DEFAULT/INTER/TYPE
[lcurv] Slave gap with curvature 0: No curvature

iaw Local curvature ﬂa& 0: Not activated
-
I (strac] Scale factor for stiffness 1
-
[dtmin] Limiting nodal time step o
[Irem_gap] Flag for deactivating slave nodes if element s |0: Default, set to value defined in /DEFAULT/INTER/TYPE
[Irem i?] Flag for deactivating the slave node, if the sam |0: default, set to the value defined in JDEFAULT/INTERT
——————————————————————————————‘
l [Gapmin] Min. gap for impact activ.

¥ 5T Bound. cond. deacivaton e e s o
[Inacti] Stiffness deactiv. (init. penetration) 0: Default, et to value defined in /DEFAULT/INTER/TYPE
[VisS] Critical damping coeff. on interface stiffness o
[VisF] Critical damping coeff. on interface friction o
[Tstart] Start time: o
[Tetop] Stop time i}
[Bumul] Sorting factor v}

0:

[Ifric] Friction formulation ;
———————————————————————————————1

|[Fric] Coulemb friction 0.2

o ———————————— -
[Iform] Friction penalty formulation 0: Default, set to value defined in /DEFAULT/INTER/TYPE
[Ifittr] Friction fitering 0: Ne fitering

[sens_ID] Sensor to Activate/Deactivate the interface None

[fct_ID] Friction coefficient with temperature function id |Mone

[A=scaleF] Abscissa scale factor on FCT_IDK o
L et oI il IR0 (ol Sl M0 o e e o s o o e i e e
[Mast Dd] Ma.ster surface‘ [8] INTER_group_& of PART

——
b [Hast |d] Haster surface (Advanced selector)

: : . : 18
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off 4 #|Oo|]A 278

Model| LoadCase RADIOSS Tools Datl

Model > Control Card= &

Browser 1 RUN_NAME_NUMBER_LETTER

1 1
I |Run Number 1|
I @ Fart I 1
1 [DT_STOP] Final time for run 10.01 1
1 [T waterial I| = | 1 ool e A X
es1al er CLeTau
1o I |Restart lett |: Default I =20
&7 Property 1 I
| [h Friction ] ANIM_DT : I
} A\ Function 1 |[TSTART) Start time 0 1 o Gl ( M EH)
I Function2p b rerec) Tme frequency 1 I: = export (RADIOSS 1=
: £ Function Scale and Shift 1 1
1 P B
ContrelCard W b . aaiaaaa
1= b orner 1
e T T T T 1 1
1 | print |-100
I | Prints the column header iine in every N_line EE :
1 1
1 1
1 1
| Maweneesesnee
I ANM_ELTYPE_RESTYPE_SUPPORT 1
: |T1_.r|:|e of element* |ELEr.'I 1
Name of the variable to be saved* WONM: von Mises stress 1
1| I
1 1
1 1
1 1
| Rawner
|Variable name to be saved in animation file* |VEL: Velocities 1
“fariable name to be saved in animation file* CONT: Contact forces 1
1
o o o e e e o o

————— e ———

|Fie Qualty Connectionz Meszh Ed'rtin:

| B e & el
1 B New Model -
:. % Import :
i |l§ Export >||RAD+055... | i
: Print , Nastrar.l... :
: Excit UNW File... :
I e = = et SR

By e e Ty e g TPy I O



off M 4lsH (RADIOSS)

HyperWorks Solver Run Manager (@DESKTOP-JO7RQSL)
CFile  Edit Wiew Logs Solver  Co-simulation  Hyperworks  Help
1
: Input file(s): BOX_TUBE_Analysis_0000.rad =
1 i
| Options: |
1
1
1 [] Use SMP: -nt 2 (] Use MPI options Use solver control ] Schedule delay
1
1
: i = | Close
1
S ————
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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
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=2 X|: iIMPACT OF A ROD ON RIGID WALL

Figure 12.6.1 shows a cylindrical rod model to simulate a high velocity impact event in which the eylindrical
rod collides with a rigid wall. The collision 1s modeled by imposing zero axial displacement prescribed at one
end of the rod, while imposing an initial axial velocity of 8937 in/sec to all other nodes. A von Mises elastic-
perfectly plastic material model with isotropic hardening is used. The length and radius at 80 micro-seconds
after the impact are obtained and compared with the reference values. Nonlinear explicit transient analysis 1s
performed and the initial mesh and deformed shapes at 40 and 80 micro-seconds after the impact are shown in

Figure 12.6.2. QA 37| 0.012 in

Initial velocity
= 8937 in/sec "
v
L=127in,r=0.126in T
i
Figure 12.6.1 A rod impact model | BE===:
HiHH
Young’'s modulus E = I7 msi maas
Poisson’s ratio v=035 &
Material data Density P = 03224 Ibmfin’ £
Hardening Modulus E =145 ksi
Yield Stress Oy = 58 ksi
Table 12.6.1  The deformed length and radins af 1=80 psec after impact Figure 12.6.2  Deformed shape of the rod ai (=0, 40 and 80 wsec
Length [in] Radius [in]
Reference 0.84 0.28
midas-NFX 0.84 0.26

Copvriaht © Computational Desian Lab. All riaghts reserved.
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BEAM CRUSH ANALYSIS
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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

/0 mm square

thickness 1.4 mm

Average strength 247 MPa

PM _ 386t1'86b0'1403'57
Puax = 2.87Py

P =1.42P,

P, =0.57Py,

Copvriaht © Computational Desian Lab. All riaghts reserved.
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True Stress in MPa

@
=1
5]

Some of the material properties required to predict the crush characteristics are:

Mok WM

Stress-strain properties representative of the material for large plastic deformation

Change in properties under dynamic loading conditions

Strain hardening

Ductility properties

The variability that can be expected for production steels

Stress-strain curves

@
=1
a

=
=1
a

-

@
=1
=]

&
]

= 5

ver

B
o
=1

2
g

—

%]
=1
5]

100

ow

\
\
\
l
|
3

|
A
|
|
i
A
Iy
1
A

0.00E+00

5.00E-02

1.00E-01

1.50E-01 2.00E-D1

True Strain

250E-01

=#=—HR 50 ksi —®—DP 590 HR_ —&—HR 50 ksi
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Piecewise linear(36) X =

[Fecale] ¥'-Scale factor for yield factor function 1
[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 >|
‘9 Create New ¥ Airbag material 3 ACI; AO-I
Create Template » Composite and Fabric 3
b4 Connection 3
Elastic and Hyperelastic »
Elasto-plastic M Johnson-Cook (2}
Honeycomb » Zerili-Armstrong (2) XH = A—' Il Ol E_:‘
Hydrodynamic ¥ Hyd. Elasto-plastic (3) E E o H 7
Rock and Concrete ¥ Hyd. Johnson-Cook (4) [RHO I]' 7 85e_6
Visco-elastic ¥ Ductile damage (22} : -4 :
Fluid » Ductile damage (23) I [E]: 240
Non turbulent flow Plastic brittle for shell (27) |
Turbulent flow Hilgrthotropic (321 . o e e | [N u] : O, 3
Other Piecewise linear (36) |
- |
User Material Hill ortho. tab. (43}
Cowper-Symonds (44) :
Zhao (48} |
|
....... I
PLAS TAB :
& |
M |
1] pid |
Tl New MAT 2 :
Local Unit System None |
A —————————— - -
[RHO_I] Initial density® I7a5e6 :
[RHO_0] Reference density |I2I |
[E] Young's modulus® Iz40 1 :
[Nu] Peis=on's ratic® 3 1 |
e ———————-
[Eps_p_max] Failure plastic strain 1] :
[Epz_t] Tensile failure strain 0 I
[Ep=_m] Tensile failure strain o |
[C_hard] Hardening coefficient 0 :
[F_=smooth] Strain rate smoothing (| |
[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 |
|
|
|
|
|
|
|
|
|

: : . : 28
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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
‘% @ x O Lock sorting

S.Mo Eps_dot 1 Fscale_1

func_ID1

[Fscale_1] Scale factor ordinate (stress) 0

[func_ID1] Yiel stress function®
[Eps_dot_1] Strain rate
Support

[ e e e e
[1] New FUNCT 1

b tems | /- |

<=, 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
063 61 E 0.000000E+000 5.900000E-002 1.180000E-001
o785 4885 x
0994 50619
18 51816
X 0
fx): 0
Walidate
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2 property ¥ & £
1.4mm &

aaaaaaa

PROP |

Cancel

SHELL
Local Unit System None - Ecélo‘” %Ac;l &!%
[l=m=tr] Flag for shell small strain formulation 0: Uze value in /DEF_SHELL
[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: No |
[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 -UZ_U_EE_EE JDEF_SHELL :
[Thick] Shell thickness*® !_1:1___ :
[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® |-h-F'ER‘-T- I | = :
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

: : . : 30
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REODY
Local Unit System
Master node in time History
Lagrange multipliers
Automatic master node
Flag for activate/deactivate in run
MASS] Mass
[Jxcx] XK inertia
[yy] ¥ inertia
[zz] JZZ inertia
[Ixy] JX¥ inertia
[Jyz] JYZ inertia
[Jxz] JXZ inertia
[ISPHER] Inertia
[ISENS] Sensor
NSKEW] Skew
[[KREM] Keep slave nodes in rigid wall
[COG] Center of gravity computation

[loptoff] Manage domain decomposition of rigid body for RADN 0: CPU cost of elements associat
[lexpams] Manage connection through the rigid body between &_Ifﬁeﬁld body o

[Gnod_id] Slave nodes®

b [Gnod_id] Slave nodes (Advanced selector)

0: Mot OM/OFF in current Engine file (or docked)
o

0

(1]

0

o

o

o
0: Default, setto 2

Mone

Mone
|

0: Default, setto 1

igid body iz not take
he AMS and non AMS domainsg, tl

i A

-
S o o
A

{1"’;’;‘%":""'::1::"'..

i
Lo
A

p

e A s i S .
LA 717 77

i

il
Fill

FEF

pa s
77
i

i

i
i

i
L
i

i
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New BCS 2

one
88 ftems.

» [Gnod_id] Support (Advanced selector)
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New BCS 3
None
1 tems

o0 HE0O =i

A7

A7
Al
A7

iy,
T 27752777 77
A

LT

AT 7 IO Gy g

e -2

z e

. formul.
[TX] X translation
[™] ™ translation
[RX] X rotation
[R¥] ¥ rotation
[RZ] Z rotation
[Skew_id] Skew

BCS

ALE formul.
Lagrange m

= Translati

= Rotatio
[Gnod_id] Support®

]
Title:



IMPDISP
(]

Local Unit System
[T=tart] Start time
[T=top] Stop time:
[DIR] Direction®
[Ifunct] Time function®
[Scale_x] X-Scale factor
[Scale_v] v-Scale factor
[lzkew] Skew
[lzensor] Sensor

[Frame] Frame

[lcoor] Type of usage of the coordinate system

[Gnod_id] Support®

<%, Function Window

150 isplagRAtRiE 001

-15000006+002

b0 £
B x
ﬂm4 Dbphcemeﬂ
0
100
Time:
I::‘isp-lac:ement:I
Validate
| IS

Function name ;| New FUNCT 2

0.000000E+000 4

z

Mew IMPDISP 1
Mone

1]

0

1Z: (tranzlation}
Mew FUNCT 2

1
MNene

MNene

MNene

artesian coordinates

TIMPDISP_group_7_of NODE

00000E+O00
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Contact interface M4 =

o 1 orEtoly 49
T o MewwTERT_ Self Impact: X3
Self Impact EA [Stfa C]I 1

ocal Unit System Nene .

ormulation 0: Classical [Gapmln] 09
jlistf] Stiffness definition 0: Default, set to value defined in JDEFAULTINTERTYPET [F ri C] 0.2
I[the] Heat contact |
:[Igap] Gap/element option 0: Default, set to value defined in JOEFAULT/ANTER/TYPET
I[Fpenmax] Maximum fraction of initial penetration 0
:[Ibag] Vent hole closure when contact 0: Default, =&t to value defined in JDEFAULT/ANTERTYPET Ilz-ll —j_|E JTLI'E AE-l IO-I
I[idel] Node and segment deletion 0: Default, =&t to value defined in JDEFAULT/ANTERTYPEY
I[Icurv] Slave gap with curvature 0: Ne curvature
I[Iadm] Local curvature flag 0: Mot activated
l[Stfac] Scale factor for stiffness 1
|[dtmin] Limiting nodal time step 0

|[Irem_gap] Flag for deactivating slave nodes if element zize < g: |0 Default, et to value defined in JDEFAULT/NTERTYPET
|[Irem_'12] Flag for deactivating the slave node, if the same conta) | 0: default, et to the value defined in /DEFAULT/NTERTYPETY

|[Gapn1in] Win. gap for impact activ. L]
It [I_BC] Bound. cond. deactivation
:[Inacﬁ] Stiffness deactiv. (init. penetration) 0: Default, set to value defined in JDEFAULT/ANTERTYFET
I[vieS] Critical damping coeff. on interface stiffness 0
:[Vi.SF_l Critical damping coeff. on interface friction o
I[Tstart] Start time 0
:rl's.tup] Stop time o
I[Bumult] Sorting factor 0
:[Ifric] Friction formulation 0: Static Coulomb
M[Fric] Coulomb friction 2
lifarm Friction penalty formulaton |0 Defaul, set o value defined n DEFAULTANTERITYPET
[Ifittr] Friction fitering 0: Ne fittering
[zens_ID] Sensor to Activate/Deactivate the interface None

[fct_IDf] Friction coefficient with temperature function identifier |Mone

[A=caleF] Abscizsa scale factor on FCT_IDK o

[fric_ID] Frictien identifier for friction definition for selected pairs | Mone
=

[Mast_id] Master surface* 11 'rterns|

: : . : 35
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ofl 4 #|0] £

Control card &7

RUN_MAME_NUMBER_LETTER =

|Run Number |1
|[DT STOP] Final time for run |4.01] |
|Restart letter |: Default

ANIM_DT
[TSTART] Start time 0
[TFREQ] Time frequency |0.01] |

S.Mo “ariable name to be saved in animation file

ANIM_VECT_RESTYPE_SUPPORT
| |Variable name to be saved in animation file* |FDF‘T: Forces and moments for rigid bodies, rigid walls and 5&:1

L T T T M M M ™M M M M T MM M T MM M MM M TrMTM M TrM M TrMT M e T T
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L 5]

Bl EGN View Model Results Annotations Tools Prejftences Applications Help

DN NS SRR e[ MR EOR Y el U [t FOL - - R N S P P € e

Session  Results x Untitled
Contour Plot 1:Beam_Crust_Test
Displacement(Mag) Loadcase 1: Time - 4.0004€+00: Frame 401
Analysis system

77196400
6.861E+00
6.004E+00
51466400
42886400
34316400
25738400
17156400
8577601

0.0006+00

| -

Max = 7.7196+00
Node 768
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Analytic solution

Py = 386t1%001460>" = 30237 N

Puax =2.87PB, =86780 N

P, =1.42P,, =42936 N

P, =0.57R, =17235 N
Ideal graph

Pmax i load capacity ( oth) of untriggered column
® ’ﬁ/ triggerad column
9 =1 Py - peak or comer crush load
E ,\\_//\\_jf\\ P; - average or mean crush load
5] Py - minimum crush load
Crush Distance (in)
Practical graph
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T T
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AVERAGE STATIC CRUSH FORCE

Mo BE F= o85S 100%2 51, LIHX| ¥4 5 StLHE 43510
Q.
A B C D F G H
3 ta 1 6 to1
1to 1 7t 1 Q 4to1
I |
| | -
L_\\H- -/.l _L
11 / __I 2 L_
113.6% s BASE t=0.055in. (1.40 mm)
107)5%
[ 1100} 0%
B86.5%
[ ]E69.2%

57.9%

30.2%

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