IR 2 Z
HyperMesh

Explicit Dynamic Analysis (2)

Computational Design Laboratory
Department of Automotive Engineering
Hanyang University, Seoul, Korea

S Computational
@ 1wy CDLE
".-,.‘_‘._-" HANYANG UHIVERSITY Lab
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* Lecture Goals
v X oYY 21l (frame member)2| 2/HE F 5 M (explicit
dynamic analysis)2 $d5t1 £&QtH(crashworthiness) 242
$l'et FOA(First Order Analysis) 221} FE(Finite Element) 29|

21| 7S (collapse behavior)E =HQISHCY,

 Contents

v Joint moment analysis
v' Mid rail analysis
: beam element

: shell element
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FIRST ORDER ANALYSIS: CRASHWORTHINESS

2004-01-1660

First Order Analysis for Automotive Body Structure Design
- Part 3: Crashworthiness Analysis Using Beam Elements

Hidekazu Nishigaki
Toyota Central R&D Labs., Inc.

Noboru Kikuchi

The University of Michigan
Copyright © 2003 SAE International
—t —
SiAF XA = ol Sl A =] ol 3§ A
715t g HE 2 2Bl A = R ) B
Displacement ﬂ Initial velocity 20[mm/s]
& ! +
150 (Linearty Large Mass  1000[kg]
increased 2
to 200mm) 4

"

4|
i
\I\I\‘i‘“‘““)‘\‘l
i
bt
ittt
ml.l““‘\‘.m

Mso“ thickness: 1.6

1000

Moment
i3i3
it

| gl
i3]
114}
,ll
7%
5
% “
T
i ﬂlf;m”’; 7
300 = ity
i min! L
!
80
| 12442
Cross-section ! Elements:2400
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JOINT MOMENT ANALYSIS



Of| X|: JOINT MOMENT ANALYSIS

+ Shell 229 57 & ALt

X Microsadi Fxcel = Rol_Momen: ds
(8172100 BRD 87Y KAC BRQ D 7D SUW WD I
Reaction force: [OzEars Yy RBT 0o a®| = A Ni‘n'|«ﬂl‘m l@l‘ =1Ly
[ p=d s sy EEIER@ %, A9 EE -4 AL P E
Fx <:": -z J’ G E]‘—‘—-"Lfii“ AT 7'“"’}“'”"“”" W
& E c
Y 1 Rotztion[rzd] Mornent [Nm]
‘ 2 . 000000E+00 0.0ODC0ER00
3 Calculation 1.331 50E-03 5.39371 EHO2
X 4 2.66240E-03 1.08086 403
6
T 3500
8
8 v
T g | i
5 L 2500
18: ™ F
14 E »
5] Z 2000
16 £
17
7 8 g 1500
119 | =]
.| |20 | =
N 21| 1000
TR 22
Bending Angle: 2
29 | 500
6 = |
ALY M‘ Mom ent: = 0 : :
M=Fx AY & 0 0.1 02 0.3
30 Rotation [rad]
31 3 1 T

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

"\ Altair = HyperWorks 2017

Copyright © 1986 - 2017 Altair Engineering, Inc. All fights reserved. | altairhyperworks.com

Working directory: %/Use-rs/-r\lzn?e;&;to-pﬁl?ezz_/hﬂ_oaﬁ)}_ ----- D: 1
Userprofile:. 0 & oooommmmEmmmEE |§RADIOSS V2017
Unit system: :ka mm ms kg
User interface style: m - -5‘- ;e; -F ?ta-nczrd
v Always show at start-up \3 ( - -R;: - | Exit
e
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Week12_odel_01.fem
————————— -

A
h Editing Mass
mh BT e
05D
1
]

i

Mes|

IIIIII

Nastran...

2 = Y = O

|Fi|e Cuality Connections
% Import
W, Export
=
E

B n
B New Model
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[Eps_p_max] Failure plastic strain i}

[Eps_{] Tensile failure strain 0

[Eps_m] Tengile failure strain ]

[C_hard] Hardening coefficient 0

[F_smooth] Strain rate smoothing |

[F_cut] Cutoff freguency for strain rate fitkering 0

[Eps._f] Maximum tensile failure strain 0

[WP] Strain rate choice flag 0: Strain rate are total strain rate
[fet_IDp] Pressure vs. yield factor function None

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

[Fet_IDE] Function identifier for the scale factor of Yoo |Nene
[EInf] Saturated Young's modulus for infinitive plastic ¢ 0

[CE] Parameter for Young’s modulus evolution i}

Heat |

H =
B | Model > Material & >
‘0 Create New ¥ Airbag material 3 D |'—c')—ﬁ —C')—% él :'6_
Create Template » Composite and Fabric 3 | . .
x Comecion , | Create New > Piecewise
Elastic and Hyperelastic » . A A
Elasto-plastic b Johnson-Cook (2) | I nea r(3 6) XH E CLI C-)l
Honeycomb » Zerili-Armstrong (2)
Hydrodynamic ¥ Hyd. Elasto-plastic (3)
Rock and Concrete ¥ Hyd. Johnson-Cook (4)
Visco-elastic ¥ Ductile damage (22} |
Fluid + Ductile damage (23) I XH E % AO-I Il OI:’ Eﬂ#
Non turbulent flow Plastic brittle for shell (27) I
Turbulent flow Hill otholropic (32) 1 o e e e b . . . . . I [RHO_I] 7856-6
Otter Piecewise Inear (3) I an isotropic elasto-plastic material using } .2
User Material }-Wuﬁnﬁa?(z}- = _d f d f H _ H [E] . 40
user-defined functions (e.g. stress-strain curve) I
Cowper-Symonds (44) | [N u] . O 3
Zhao (48} | M *
|
|
PLAS TAB e :
[S.= |
b I
D 2 |
Title New MAT 2 :
Local Unit System s |
[RHO_] Initial density™ 17.85E-6 |
[RHO_0] Reference density 1 0 :
[E] Young's modulus® 1206 : |
P 1
(Nl Poisson's rati | |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
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PLAS_TAB

&8
=

[Eps_n] Tensile faiure strain

1C_hard] Hardening coefficient

[F_smooth] Strain rate smoothing

[F _cut] Cutoff frequency for strain rate fitering
[Eps_] Maximum tensile faiure sirain

[VF] Strain rate choice flag

[fct_IDp] Pressure vs. yield factor function
[Fscale] Y-Scale factor for yield factor function

BisGE

0

0: Strain rate are total strain rate
Hone

1

[Fet_IDE] Function identifier for the scale factor of Young mod| Hone
[EInfl Saturated Young's modulus for infinfive plastic strain |0

[CE] Parameter for Young's modulus evolution
Heat
= Strain h

e

S.No

Fscale_1 |[func_iD1

[Fscale_1] Scale factor ordinate (stress)
[func_ID1] Yield stress function*
[Eps_dot_1] Strain rate

Support

x)

0
f): 0

Validate
[=—————

0.00E+000

0
O
O Lock sorting
————————————
1] New FUNCT 1

Function name

1.00E+000

5.00E-001

1 1
0.00E+000 5.00E-001 1.00E+000
X

unction file

C:AUsersiNamhee\DeskiopWieek12Wodel 01

Foiders ~ Fies
A Waterial_Property.tet 0
- - W . . -
A Weeki2_Wodel_01.fem 0017
02
Report_Wesk12_Mode_01\ + Wesk12_Wodel_01.html 04
c 1 06
08
) b
EA 3
Recent Files
CUsersiNamhez\DeskiopWWeek12\odel_01\Week12_lModel_01.fem - .
Selection: C:\Usars\Namhae\Dasktop|Wiesk12\ods_01 o0
L | J
Jok 8 cancel
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Stress-Strain curve &=

(0% 222 = Deflne

function” &)

—_
o

“Import curve e
| “Material Property.txt” o
=227
|
|

" E.EI

EE—II(}” XHE S| %

Function name

fx] 5.790000E-001

0
R )
“ifz 2.895000E-001
4809
5008 3
5575 ¢

579 ¢

0.000000E+000 1 {
0.000000E+000 1.5000d0E-001 3.000000E-001
X

0
0
Validate

Undo Reference Save

Cancel
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SHELL

(] 2

Title Mew PROP 2
Local Unit System None

[lzmstr] Flag for shell small strain formulation (: Use value in /OEF_SHELL
(: U=e value in /DEF_SHELL
0: use value in /OEF_SHELL

[idrill] Flag for driling degree of freedom stiffness 0: Mo

[lzhell] Flag for 4 node ghell element formulation

[lzh3n] Flag for 3 node shell element formulation

[P_thick_fail] Percentage of through thickness integration O
[hm] Shell membrane hourglags coefficient 0
[hf] Shell out of plane hourglass 1]
[hr] Shell rotation hourglass coefficient 0
[dm] Shell membrane damping 1]
[dn] Shell numerical damping 0
[M] Mumber of integration points through the thickness |0

[lztrain] Flag to compute strains for post-processing 0: Uze va JDEF_SHELL

[Thick] Shell thickness® E)
[#=hear] Shear factor 0
0; Drefault =&t to value defined with /OEF_SHELL

0: Default value defined with /OEF_SHELL

[thick] Flag for shell resultant stresses calculation

[Iplas] Flag for shell plane stress plasticity

Support®

Close Save Cancel

Copvriaht © Computational Desian Lab. All riaghts reserved.

EEI

Model > Property =
e~ 228 =

Create New > Surface >
Shell (1) 28 >

= 1.6mm &

Y0 S4 Hg
Help:

/PROP/TYPE1 (SHELL)
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RBE? *ol'l*c;l (1) XA

Mesh Editing| Mass N iE
I 1
i@} Mode b Title: New RBEZ 1
Node_IDm] Master node identifiers I-rEn-e| ----------
& Flement 3 [Node | ki . .
[a] TX translation : O ) Pick in graphics
. Part 3 (1] T transiation : 0 ‘5 Create New :
K Rigid Body [o] TZ translation 1 O Cancel 1
£ Bl [ WX rotation o e ——— !
r + N
] WY rotation O
H 7 meE2 =l
e — [l WZ rotation
ﬁ" RBE3 [Skew_ID] Local skew identifier of element -
[grnod_ID) Support® MNone [}
b [grnod_ID] Support (Advanced selector) ———l
[Iflag] Center of grawvity CUI:-utatiun 0: Rigid body formulation (Nastran} (Default)
___________________________________________________
INODE
) 547
| Coordinates 200 25 |40 .
Il Ok Cancel
1] d
G S SN NS SN SN N NN SN NN SN SN SN SN B SN SN S SN S SN R SN N SN SN N SN SN N SN S NN SN S SN BN S NN N SN N S S

|

——

—

————

N R S S N SN SN SN N S S N

!
|

-

|

|
i
§
g
e

|
|
i
,'u

—
—

——
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Mesh Editing > RBE2 4 >
Create New

Master node EHE:
(200, 25, 40)
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RBE2

48 (2)

MZ-& RBE2 AN

Pick in graphics

Mesh Editing| Mass EE‘E'?
g Mode b Title
& FElement » [Mode_IDm] Master node identifier®
[a] TX translation
. Fart ' [r] TY translation
x Rigid Body [o] TZ tranzlation
; igid ] WX rotati
il Bigidlink — — [r Wfﬂ:fn
: ‘.F\_ RBEZ [e] rotation
[ ———— [f] WZ rotation
RBEZ

NODE
[H]

Coordinates

[Skew_ID] Local skew iden
[grnod_IDY Support®

ifier of element

b [grnod_ID] Support (Ad

[Iflag] Center of grawvity CUI:-utatiun

R e e e o o o o o o o o o o o o o o o e o o I

anced selector)

S48
25

l St graphice..

p— ! L Add Node Ds.. |
.l.. : Add PART IDs...

I.. 1 Edit
.l.. : ‘G Create Mew »
.l. : Select in Model...
.I . H See in Browser

.. ) See in Panel
.I=. |j| Cross reference

& Create New

Master node EHE:
(200, 25, 83.3)

Cancel

None [

Support: O|0f Bt= RBE2
mater node (no0.547)

0: Rigid body formulation (Nastran} (Default)

(F8 : free node display
on/off)

e}
£a
La
' ————

o View Options 3

Me=h Support 3

Cancel
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LoadCase > Boundary

BCS

o e e e e e e e e e o o o T = o
== o | Condition 28, 0224
LoadCasze| RADIOSS Tools Data Historyl Title New BCS 1 o=z & =3
1 ALE formul, O T=5 % Create new = =

: § Added Mass

12972028 IV e e e e e e e e e e e e e e e e

1
1
1 = Translation
1
4

: 4 Boundary Condition [T] X translation | 1
S ——— - [T¥] ¥ translation | 1
[TZ] Z translation EA 1
= Rotation I
[Fx] X rotation 1| :
- AL
[R¥] ¥ rotation g : Ql_l-xl_-l ?'_—7 AE-I IO-I

Z rotation
- L2

iSkew ic.ILSkew None
- N N N N W W W NN N NN NN NN N NN NN SN NN SN NN N NN SN SN SN S S

[Gnod_id] Support* 26 tems
e -
b [Gnod_id] Support (Advanced selector)

b
nt
A
na}
rx
1o

!
i
‘:’0

T
=---¢’
EEttems

@
¢
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LoadCase| RADIOSS Tools Dala History Safety Process Options H IMPDISP Loa d C a S e > | m OS ed >
@ D & 1] 1 p
; — AR Title New IMPDISP 1 H t
Boundary Condition I m p d D pl m
7} Concentrated Loag Local Unit System None I Ose IS ace en
a Contact Interface [Tstart] Start time 0 I = EI
I Convective Flux N = T !
[T=top] Stop time 0 | 2
Eigen and Static Modes - - D O A o 5— El o
[DIR] Direction® 3 (translation) | —'—
Elementary Boundary Condtions Sets NS N B SN N SN BN N SN NN SN SN N SN S B S T
Flexible Bodies [[funct] Time function* [2] Newr FUNCT 2 I |
————————
b oty o o Com e ! Imposed dlsplacements
Imposed .:.Iwwuwm [—— [Scale_y] Y-Scale factor 1 I AH Ad
Initial state due to gravity load l_;,',’ Imposed Displacement [skew] Skew T | OO
Mo Inttial Temperature g e -l 4 I
—_ ) [=ensor] Sensor None |
Vo Initial Velocity 5%, Imposed Thermal Flux Density
Initial Volume Fraction B} Imposed Temperature [Frame] Frame None |
Load Velocity Field 7* Imposed Velocity [\cuur] Type of usage of the_cugd&it;system LU _U £EESEI cuurdlnates |
8 Mandnrad alimas -
lﬁWﬂﬁHﬂﬂi'}L__________BJWWUWUJMPREI |
b [Gnod_id] Support (Advanced selector) |

2. Functien Window A| I7_I- - E —?_l :I' E‘H E AOH AO-|
Function name ;| New FUNCT 2 (0,0), (1 OO,_35)

Ml T % 0.000000E+000 > : DIR: X
TimE-| Displacementl I

0 0 |

100 2% eplagamiR 0011 |

| Support: Al BFE RBE2
L bb0obE 000 5.000000E+001 1.000000E+002 _Q__thl master node Al_'I E_I'II

Time

Time:

Displacement; p
S —

Validate

| Undo Referenc:eI | Save | Cancel

: : . : 15
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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

: : . : 16
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=
H =

=4 4%

LoadCaze| RADIOSS Tools Data Histon

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

bk

T ) Create New
1§ Added Mass
1 3 Create Template
: 4P Boundary Condition %
:. el Concentrated Load N
2
: %o Contact Interface :
1
1
N
D 1
Title New INTER 1
e e e e
Self Impact _l
B
Local Unit System ol
Formulation : Classical
[Istf] Stiffness definition 0: Default, set to value defined in JDEFAULT/NTERTYPE
[the] Heat contact O

[lgap] Gap/element option

0: Default, set to value defined in JDEFAULT/INTERTYPE

[Fpenmax] Maximum fraction of initial penetration 0

[lbag] Vent hole closure when contact

0: Default, set to value defined in JOEFAULT/NTER/TYPE

[idel] Node and segment deletion 0: Default, set to value defined in JOEFAULT/INTER/TYPE

[lcurv] Slave gap with cu

@ﬂLucal curvature ﬂa& 0: Mot activated
N ————_—

rvature 0 Mo curvature

[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, set to value defined in JOEFAULT/NTER/TYPE

[Irem_i2] Flag for deactivating the slave node, ifthe sam | 0: default, set to the value defined in JDEFAULT/NTERT

-
l[Gapmin] Min. gap for impact activ.

o T Ao T den T

[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 penalty fol

[Ifitr] Friction fitering

[sens_ID] Sensor to Activate/Deactivate the interface

e I T

(init. penetration) 0: Default, set to value defined in /DEFAULT/INTER/TYPE

0
0
0
0
0
0 Static Coulomb
mulaton 0 Defautt, setto value defmed in [DEFAULTANTERITY PE
0: Mo fitering
None

[fct_ID] Friction coefficient with temperature function id |None
[AscaleF] Abscissa scale factor on FCT_IDK 0

M PLoriaipnidgntifier

[Mast_id] Master surface*

—— -
b [Mast_id] Master surface (Advanced selector)

Ly firfion 45 Tniion, Tor SEiFcl LoNGe e e s s o o o o o o o e

[8] INTER_group_8_of 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

(1.0 real: contact stiffness is taken from the ma

Minimum gap for activation of interface

Copvriaht © Computational Desian Lab. All riaghts reserved.

LoadCase > Contact
Interface= &l

= 1,
O A O=2Z|

D|'_I_— T = T :Ié__ llMUlti

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

Self Impact M3
[Stfac] : 1

[Gapmin]: 0.9

[Fric]: 0.2

[Mast_id]: 22 Ml

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
ster segment)
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off 4 #|Oo|]A 278

Model| LoadCase RADIDSS Tools Datl

Model > Control Card= &

1
....... 1
: 1 joFLAG 1
5 Browser HEE |0: Reduced I
1 g ) 1
§ @ part 1 : [IGTYP] Type of GOO-fie |0: Defaut 1 l
: [T wMaterial I} |1ouTF! Y000 fie |0: Defaut :
| 5 Propety . } [10UTYY] Ynnn fie format 0: Defaut : IhEO|E M X
: Add to Material ' : I |[ROOTYY] Ynnn file name |0: Defaut I = o
Fricti . .
1 By Friction 1 : |[DROT] Force computation of rotational DOF flag “1 Force computation of rotational DOF | 1 l
1 /. Function 1 1 : :
: Function 2D : 1 o
1 | ———————
1/ control Car I : RUN_NAME_NUMBER_LETTER : 1=} Eé' expo rt (RAD|OSS M E_ll'l)
T rrrJr:rr:r:rrrr ||RLII'INLIITIhBI' |,1 i
: [DT_STOP] Finaltime for run 100 | : |
1 |Res.tart letter |: Default 1 :
i .
1 o
| Mawor o Write animation files 1
1 ANINM_DT I |
! [TSTART] Start time [ P
1 [TFREQ] Time frequency L |: :
1 .. . . . I
1 : Generates animation files containin I :
1
1 e Py ol Fa P
I ANIM_VECT_RESTYPE_SUPPORT 1|
:|Variable name to be saved in animation fils* |FREAC: Reaction forces for imposed velocities, displace : :
:||\.-'ﬂriﬂhle name to be saved in animation file* |bRDT: Rotations | : :
Lo o o o o o o R R R R R R R R R |
| File | Quality Connections Mesh Editin | !
1 |
| @ e gt gl |
1B New Model 1 |
1 | |
1. % Import 1 |
1 1 |
! |m Export >||me055... | ' |
1 Mastran 1 |
1 Print [ 3 1 I
1 . ANV File... 1
| Exit 1 |
1 LS-D%MA. .. 1 I




(RADIOSS)

1
RADIOSS 2017 1 I
1 |

o e e o o o o o o o o o o o o Ot M|AtSHE DEl 2| &
i Hyperworks Solver Run Manager (@DESKTOP-L2LNHEZ) — O X : R -I 5-!|E_|I = == -I = Tl
File Edit View Logs Solver Hyperworks Help : un ==

1 =

| Inputfiles):  Week12 Model 01_0000.rad i

1 1

| N |

: Options: | I:' :

: [ Use sME: -nt 2 [] Use MPI options Use solver control [] Schedule delay :

1 : : 1

| ‘ Run | | Close | 1

1 1

1 1

e o o o o o o e

Contour Plot 1M
Displacement(z) Loadcase 1: Time = 1.0000
Analysis system
5.014E+01
[ 4.284E+01
3.554E+01
— 2.823E+01
2.093E+01
I 1.363E+01

H 6.327E+00
-0.756E-01
-8.278E+00
-1.558E+01

Max = 5.014E+01
Node 27

Min =-1.558E+01
Node 328




Ele Edt View Model Besults Annctations Tools prefyfences Aoplcations Help

S ST ETR Y
Ses

0 Fesults x

PR ]
o
@t P®
| Name Value
e et

CLFEAL AR

contour Plot
Displacement(z)
Analysis system
s014E01
I omen
35546401
— 2823801
20038001
K seon

63276400
-9.756€-01

82786400
15586401

Max = 50148401
Node 27
Min =-1.558€+01
Node 328

A0 0 @ e® uN AR

[l

¥ i

K@ 8o @-@- T dd

Defomed shape

e i PrPSS@PeEe:

Loadcase 1: Time = 1.0000e+02: Frame 101

Hile@LE PN LRV APLAK Q- 00000

Reakype: [Grmcerert (1

Sede: Scale factar -]

T [
Vel

[l Syrtemipecy el =] | Show

HyperViewOl|A| Add Page

=l
=




HyperGraph 2D 2 &

E Breferences  Applicaions  Help
DR B0 G TR G R A G O PR E S S U P
Session  Results x

CHsRRRGAR

- 2
- o nO®

Enéies iy | 10 @ @

ApltlA B0 igpeR AR

Name Value

¥
z o
= -
G- l@ 8o @ @-Hdh@ W ITSBLELFET LD XSLLF0-00000= =0
P
\Losimodel i [C/lersMominea/Desknop/weck11_Bau_Tube/ModsQ_Beam Crish/Beam Dust_Testhid I Dusiy
7 Noodresuks o [Cllsars/Namhea D eskiop/Wieek11_Bow_Tube/ModeZ. Bewn, CrushBeam_ Caust_Testhid ®

ResubMaih erglaie:  [Slandard B L |

E':; Hypertdesh
!-t; Hyperfigwm
:,.--!,_: HyperGraph 20
@ HyperGraph 3@'@
Pl aticriew

(=] Mediatiew

;| (Bl Tableview p v @

: : . : 21
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Reaction Forces—1
N548 - X

Reaction Forces

N548-X

C:\Usersi\MamhestDesktoptw/eek 2yModel_014Mode_0_Analysis.h3d
-

20

~ NOXZT AL IBES

20 100

©

jYTyp-e:l,- 1=

isplasement

.

b |

B~ B - G-

W Export Curves

Export Format

Encel A
File Path:
C:/zers/M amhee/Deskiop/wieck12/Model_01/sxpart cav ,“
- -' Range:
———p: @ Current plot
[ W | :

) Current page

L _
() Pages: From: Ta:
Values:

@ Original Curve Values
) Displayed &xis Yalues

Apply oK. Cancel

Copvriaht © Computational Desian Lab. All riaghts reserved.

silA Zot o
(*.h3d llfo

=527

Reaction Forces 1EH,
548 HH MEH

X gtsfo 2 o] Q2= =9

=/ L=

TfZ vt R E ME




Rotational DOF-1

Rotational DOF

Displacement

N548 - Y
N548-Y
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Time
Displacement-1
N548 - X
N548-X
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Time
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A B C D E F G H | J
time rf disp x dely half rotation moment |rotation| |moment|
| 0.00E+00 -7.36E+00 0.00E+00 O0.00E+00 43.30 O0.00E+00 -3.19E+02 0.00 318.73
3 | 1.00E+00 -268E+01 -3.50E-01 1.86E-03 4330 -531E-03 -1.16E+03 0.01 115881
4 | 200E+00 -5.25E+01 -7.00E-01 748E-03 4330 -1.07E-02 -2.28E+03 001 227507
5 | 3.00E+00 -596E+07 -1.05E+00 167E-02 4330 -159E-02 -258E+03 0.02 258359
6 | 400E+00 -631E+07 -1.40E+00 292E-02) 4330 -208E-02 -273E+03 002 273208
7 | 500E+00 -565E+01 -1.75E+00 440E-02 4330 -252E-02 -245E+03 0.03 244873
8 | 6.00E+00 -5.04E+07 -2.10E+00 6.16E-02 4330 -293E-02 -218E+03 0.03 218433
9 | 700E+00 -467E+01 -245E+00 8.20E-02 4330 -3.35E-02 -2.03E+03 003 202762
10| 8.00E+00 -4.42E+01 -2.80E+00 1.05E-01 4330 -3.76E-02 -1.92E+03 0.04 191820
11| 9.00E+00 -4.23E+01) -3.15E+00 1.31E-01 4330 -417E-02 -1.84E+03 0.04 183642
12| 1.00E+01 -4.09E+01 -3.50E+00 1.60E-01 43.30 -457E-02 -1.78E+03 0.05 177837
13| 1.10E+01 -397E+01) -3.85E+00 1.92E-01 4330 -4.98E-02 -1.73E+03 005 1726.88
14| 1.20E+01 -3.88E+01 -4.20E+00 2.26E-01 4330 -5.38E-02 -1.69E+03 0.05 1687.72
15| 1.30E+01 -379E+01 -455E+00 2.63E-01 4330 -5.78E-02 -1.65E+03 0.06 165218
16 | 140E+01 -3.72E+01 -490E+00  3.03E-01 4330 -6.18E-02 -1.62E+03 0.06 162334
17| 150E+01 -3.66E+01 -525E+00 345E-01 4330 -657E-02 -1.60E+03 0.07 158857
‘IB: 1.60E+01 -3.61E+01 -5.60E+00  3.90E-01) 43.30 -6.97E-02 -1.58E+03 0.07 1576.58

Reaction force:

] LA
BiEaRR 2>
AT

5

Moment:
M=Fx - AY

6

VY = (displacement X)*(rotation)
Moment = (reaction force)*(del Y + 43.3)
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N Microeadi Excel = Rol_Momens ds
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fMspsi>  sn siB 7y =E==E@ %, w8 EEL-5-A[MEE|F
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& B =]

1 [rzg] Morment [Nm]

2 s 000000E+00 Q.CO000E+QO

3 Calculatlon 1.33150E-03 5.39371 EHOZ

4 296240E-03 1.0808GEH03

§

5 3500

8

9 |
I 3000 |

12 2500

18 — r
(14 ] €
(15| Z 2000

18

i3 g

REH £ 1500
|8 =)
|20 = 4

2| 1000

2

23

24 500

%

20 L

27 o

23 0 0.1 02 03

2 .

a0 Rotation [rad]

3 y :

Reaction force:

0

Moment:
M =Fx - AY

5H A E|

off & Z 1t

3500

3000

2500

E

£. 2000

-

(-

Q

E 1500

o

=

1000

500

0
[ LY = I - + I T~ N T = o T T o T ¥ R Y T I
[ T v D v I s B B = IO IO o Y o I e N o o 4 T 4
o oo cocoocooocoo
Rotation [rad]

Copvriaht © Computational Desian Lab. All riaghts reserved.




S

MID RAIL ANALYSIS 1
(BEAM ELEMENT)



|A|: JOINT MOMENT ANALYSIS

A7 g 181 x)
S5 e <3|

J_L Initial velocity 20[mm/s] T

..|_

1 %Gl [ = Tt [Ensl=T T N G P = 7
"y:j":‘ L%ll'gl! Mass 1000[kg] ify Cros ; > 3.Produce Beam model

X fenur]) ° (eanu) Z [su) r E[ten2)
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2| 000000E+G0| 1 DO00OESCE| 1 0000OERCD) 2 3| 205000 o3
3] 0CO00E+00| & 00000E=C2 | 1.00000E+C0] 3 3 4 206000] OF
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Aok ’ 5| 1 50000E%02| 4 00000ES02| 0 0000OERQ]) s| s 6| 206000 03
_LI0000EC2 ] 4.00000E+02{_1,00C00E+C0) § g 7} 2060001 Q3] 7
AT | 1 50000E=C2| 0.00C00E+CO| 1.00000E+00) 1 2 8] 205000 as
o e L. 1 50000E+02| 0 00000E+00] 0 00000E+C0 8
""x\_\_\_\_
S 1EEHN e
E eES 1
o g meN a3 .02 a1 Bl 02 0r 04
2 o
SRS
LEE 4 L
Rotation Angle 24
25
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28
2
30
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File Edit View Collectors Ge
R %

Session  Mask  Model x Sol!
Y Y-y

@ ®© @
¥ %%
Name| D/ Includs

Name Value

e ———

Customize uzer interface:

Application:

I Hypeitesh -

_Reto prpetietl

s
CIphiStrct
© AcuSokve
Abaqus
Actran
Anzpz
Exodus
FEKO
LzDyna
td adymo
Iarc
Mastran
Famnciash

Permas

TTTTYYTYYTYY Y Y YN

Samcef

R adiosz2020

StandardaD @

Sierra_SD @

Kepwardd71_R11.1 [l
M adymo?0 |
I arc3D i
MastrankSC =
Pamcrash2G2019 ]

By Comp

-l s el

B e BINIE S EPA -+,

1laf1

¥ Always show at start-up

surfaces. solids. | quick edit
surface edit solid edit | edge edit
defeature ribs | point edit
midsurface autodeanup

o]

Cancel |
dimensioning

IR

Geom
1D

2D

3D
Analysis
Tool
Post

¥

T TMader

User Profiles ( 5 ) &

RADIOSS /1 EH



®ERAAQ:

5®
b

2
3\

L¥

- inloiolh i R@E P T

PR @sycom

"B @SB IWHL @D -+

@37H9| line A4Ad
Model Info: Untitled*

(0,0,0) - (0,400,0)
(0,400,1) - (150,600,1)
(150,600,0) - (150, 1000, 0)

Joint MHE ol z o 2
Tmm X EE |ine MA

nodes lines surfaces solids quick edit & Geom
node edit line edit surface edit solid edit edge edit £ D
temp nodes length defeature ribs point edit & wl)
distance midsurface autocleanup 3D
points dimensioning  Analysis
« Tool
Post




ERE

1- ﬁ Components (13

oPMautel B0 ____
- l [E - Materials (1) -
----- [F materiall I | 0 1
- ElTlﬂ'esTﬁ """"""""""""" !
----- B Model Info N 0
Mame Valus
Solver Keyword AAT/ELASTY
[0} 1
Mame rmateriall
Colar B
Include [Master Model]
Defined
@Uﬁ.&r.@mm&uﬁ. ....... Hide o enu/Expart
Card Image P1_ELAST :
1 Regular_OR_encrypted_flag Regular 1
| FiefRho_Optian F '
: Bho_Initial 7, 85e-09 :
: E 2060000 :
1 MU 0.3 I
e o o o o o o e J
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Card Image: M1_ELAST
Rho_Initial: 7.85e-9

E: 206 GPa

Nu: 0.3
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0 1 1
Mame beamsectionl :
Include [Master MModel] 1
: Collector (1) bearmsectcoll :
1 Config _S_taﬂd_arE 1
I Section Type LEM_EIEX_" 1
: Standard angle nn :
1= Parameter Definitions —————— 1
: Dirmension a 1 500 1 :
I Dimensian b : 80,0 : I
1 i 1
Lo Jhckmesst oo bwlbos ]
e e e atﬁ--"-'_-"-'_-"-'_-"i
Solver Keyward FPROP/BE &M/ 1
1
1D 1 I
| Mame property 1 1
I Color | 1
: Include [Mastar Modal] :
I Defined 1
: U=er Cormments _HL:Ie_Ilﬁna_ngﬂ’@Eon :
| Card Image | "PiBEAM H i
I @ Hypetbeamsection L (1) beamnsection! 1 1
: Regular_OR_encrypted_flag Regular :
o o o o o R R S R R R R S R R S S o)

e e e e

Marme Walue 1

alver Fe\war

Solver Keyword /PART/ H

D 1 :

1 Marme autal 1

: Calor O :

! Include [Master Model] "

: Defined :

1 User Comrments Hide In Menu/Export I

o —

: Card Image 1 Par I :

: Prop_ld : (1) propertyl | :

I Mat_ld I (1) materiall : I

I L . = I
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L

Beam section 244

thickness: 1.6

80

Cross-section

Property 44
Card Image: P3_BEAM
Beam section &%

ComponentOf| §d, &
Jeps
= O

Card Imaget PartZ HZ4
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1D > line mesh

bars. connectors edit element © Geom
rods spotweld = 1D L
sph rigids HyperBeam T replace 2D
rbe3 detach © |IneS A—i EH
springs order change  Analysis —_ 1
vectors | config edit © Tool .
— | cong =t C o element size : 500 &=

=
element config: bar2 &
property &7
Orientation: z-axis &7

Model Info: Untitled*

R 9o uran:

N Y TR B9 e rBiN B L OPr -+

v I lines. 14 [ $ [ segment is whole line | l
element config: v | bar2 | 1

QP @sycom

I element size = 500.000 property = l property1 1
s add elems to current component offsets: I
- I«

| v v | z-axis ax= 0.000 bx = 0.000
| ay= 0.000 by = 0.000 1
1 az= 0.000 bz= 0.000 y




ZOIE A MM (1)

e e, | .
ame Value : Joint property 44
;Slgjnluer Eeyweord gPHDF‘fSF‘H-GENEf : Card |mage: P8_SPR_GENE
1 I
: Harne property? 1
[ Color H " Mass: 0.0001
1 Include [Master Model] | Inertia: 0.0001
I Defined 1
: User Comrments Hide In Menu/Export : Prop/Type8 (,SPR—GENE) .
| Card Image A SPR_GENE : : General spring property is used to Tx, Ty, Tz,Rx,Ry:
: Regular_OR_encrypted_flag Regular 1 model aJO”,]t can)ectlon between K_TensX % = 1e10 (K1 ~5)
| Mage 0.0001 : two parts with six independent modes
I . ' 1 of deformation.
Inertia 0,000

Rz: K_TorsZ = 0 (K6),

- - N . N
Name Value : I fCt_|D|7(rOtat|On n Z)
= Rotational{Rz] I §LA—| -'—|_-l-|_o:| -'—| X ZFAM _” | =

! K_TarsZ 00 ! = 'S0 2™ 24 HO|=

I o ' ' | ol

1 C_TorsZ 1 | B

—
[ b TorZ 1 '
e | AR T
1

I D—TDIISZ - I : Current curves: curvel I

1 fet IDi7 | <'U£sp_ec|_f|e£>_ 5 7 : | et [ ., I

: H_TarsZ L Create I I curvel i 1

——
i =T 1

1 fet_IDiE it 1 1

1 fet_IDiA Plat Curve | 1 1388 :

1 fet_IDr=4 o : : I

. oy
: Thetakdin_Torse Hid 1 v 1
ide v
1 Thetatax_TaorsZ Lsolate Ori 1 1 :
zolate Onl B
: F_TorsZ ! : : X-n 3420087 -Tm 8901617 1 3866+ 1
E_TorsZ #Ref entities 03392089 -1020293.395 1
1 1 1
03363148 A021654.69

1 Azcale_Torss v Filter enities 1 03334132 022973 457 :

1 H Tars? 1 1 03305053 1024236155 2768 | | ,

_lar q L0342 0471 0 0171 0342 |
arn upon entity type change ) -

1 v Fity ¢ h 1 1 0.3275907 1025444 582 - - -

|srate 1 1 -0.3246635 1026636335 - o Lo 1
e o o o e o e o e e e e e e e e e e e e e e e e e e e 03217415 027782 467 1
1 -0.318807 T e Label |y Location: NE ~ 1
[ o o o 1 -1.3150655 = Fdow: 1 1 1
I E} * c ] : 1 0.3129171 Poom Eo?y e _l B Precision: |3 v | | Type: [Linear - Precisior: [3 = | | | Hide i
g urves 1 — ;
: = —— — I | oo | P oweg  Cut : Mae Min Ma :
Y Hﬁ—MateriaIs ) Duplicate Cul+D | 1 I st [ioe <] ewee i Paste 1 Epete 2 <] T [ 2] miemic o < i
15 = Fleremie Fa 1 1 _ ) 1 ] I~ Enable XScale I~ Ensble-5eals 1
1 [ materiall 1 | trewefsis =] T Tk Parameterize 1 I~ Enable ¥ Dffset I~ Enable Y-Dffsat I
1 E| B p tiez [2] -E-Ellt- Sal 1 1 1 UrParametenize | 1
—tega MTOPEmics = —— 1 I updae - ) Mew. | Deele | Pename Cose | I
——————————— L "
T ————————— - -

: : . : 33
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Mame ID @ Include
g Beam Section Collectors (1)
+-$ beamsectcoll 1 0
___;-E. beamseation] _ o] e e
g Components {2
----- - g B auto 1 0
@ @ Joint 2 0
.NEI;T'IE' - Value
Solver Keyword JPARTS
[ln] 2
Marne Joint
Color B
Inzlude [Master Model]
Defined
I=zer Comments Hide In Menu/Export
Card Image Fart
Prop_ld |(2) property?
Mat__ld <Unszpecified:

kool ROE 7i%m @@

P8 et BN IR L P -+

bars. connectors line mesh edit element C  Geom
rods spotweld linear 1d split & 1D
sph \ rigids HyperBeam replace 2D
Re3 detach C 3D
springs I order change ©  Analysis
vectors config edit  Tool
systems elem types T Post
o)

% spring2

spring3
spring4

-
node 1
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Joint component 44 =
property £ 0

1D>spring

spring2 ‘40 HH

T 78 MEASHY] joint R4
A A

o O

34



XA 2 2

@ 4l 2] joint 24 A A

& B L= temp nodeE
M M50 jointE MdEt

Temp node: (0,0,1),
(150, 1000, 1)




View | Collectors Geometry ME:

Command Window

v Panels

m

Tab Area
Toolbars

k
4

Panel Configuration

Cammand wWindow Configuration ®

3

Process Manager

Organize

v odel Browser
AL o B o B

v Salver
o

Browszer 3
—

Entity State Browszer
v Mask Browser
v Ll Menu
Azsermbly Browser

Connector Browser

Part Erawser

Contact Browser

Connectors

fil"éfl:] O-

Materials

@ -~

Create

Expand All
Collapse &ll

Configure Browser

Clear Load Plot

MName

Salver Keyword
D

Mame

Color

Inchude

Uszer Commetts
Card Image
ALE_BCS_option
Tranzlation_v=
Tranglation_Wy
Tranglation_Wz
Ratation_'wi
Fiotation_wy
Ratation_wz
hzkew
Grnod_id

Tstart

Tsztop

Value
JBCS/
1
loadeall

[t agter Model]

Hide [ b e /B == ===

BCS_Collectar k= -

NEEEEED

=
0
o
=4

Create

Show
Hide
lzalate Only

#Hef entities

v Filter entitiez

v Wam upon entity tupe change

=

Include File
BOUNDARY COMDITIONS BCS
COMTROL CARDS 4 LAGMUL

ELEMEMTS [HH)
ENGINE KEYWIORDS

4 CLOAD (Force)
» CLOAD (Maornent)

ACCEL
ADMAS
ADMESH_SET
ALE-CFD-5PH
AMS

BOX

CNODE
CLUSTER
DAMP
DEFEMSE
EBCS

FalL

FRAME
FRICTION
FUMCT

'------------------P---------—

<& GRMOD (1)
- [ MODE (1)

CONVEC
GRAY
IMPACC
IMPDISP

IMPDISP_FGEQ

IMPFLLEX
IMPTEMP
IMPWEL

INITEMP
INIWEL
INWEL &5
PLOAD
RADIATION

v T v v ow

Salver Keywaord

D

M ame

Include

Defined

Uzer Comments

Card Image

Set type

Entity |D=

Do_Mot_Export_Set
GENE

= Mo of raws

[rata:

Marphing  Post  XYPlots
et el I S ]

IMPVEL_FGEOQ

1 0

Walue
GRMODMODES

1

zetl
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]

Hide In Menu/Export
GRNOD
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1 Modes

]
]

i
=
==
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|Name

Salver Keyword
D

MHame

Color

Inclhude

User Comments
Card Image
ALE_BCS_option
Tranzlation_vs
Tranzlation_y
Tranzlation_Vz
Fiatation_Wwe
Rotation_wy
Rotation_wz

Walue
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2
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[Master Model]
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Materials Properties [

Include File

k]
COMNTROL CARDS
ELEMENTS [HM]

EMGIME KEYWORDS

BOUNDARY CONDITIONS

ACCEL
ADMAS
ADMESH_SET
ALE-CFD-SPH
AMS

B

CMODE
CLUSTER
DAMP
DEFEMNSE
EBCS

FaIL

FRAME
FRICTION
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o-fig- i ¢

Create

Expand &l
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Configure Browser

1
1
1
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: Clear Load Plot
1
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FEEZRS

Post  XYPlots Preference!
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LAGMUL
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COMVEC

GRAY
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IMPDISP
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IMPTEMP
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INIVEL &5
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1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
RaDIATION 1
1

o o o o o o e e

1 Mame Walue :
: Solver Keyword AMPDISEY 1
1 b 3 1
I Mame loadeol3 :
: Color m 1
1 Inciude [t azter Model] 1
1 Uzer Comments Hide It Menu/E sport :
: Card Irmage IMPDISP_Callectar 1
1 ||func[ | oy 1
I oA X LB ] "
| Input Tupe SKEW £l 1
I sk Plot Curve 1

I £ FUNCT (2)
- Bl FUNCT 2]

- — -
v}
=
=
g
pur

Duplicate Chl + D
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l e GRMOD [2) i T it H

Solver®l =
IMPDISP A4 M

Ifunct = 2! >Create
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curve? +=45

A|Zt-819] 34

(0,0) (0.1,-200)

>Edit

AH A
oo

o o o i e e e e e e e e e e e e e e e e e e e e

Il Curve editor % L
1

Current curves: curve? 1
Curve List: [1a: £ o = 1
curvel 1 i |
curve? [2 1
=50+ I

1

1

1

<Y -100+ I

1

% ¥ [* 1

[Ty oo 1504 I

01 -200.0 I

-200, I

o 0.025 0.05 0.075 0.1 :

i Y- Legend: I

Label: |>< Label I‘f Location: NE - :

¥ | Type |Lmear j Precision: |3 J Tupe: |Lineal ﬂ Precision |3 - I Hide 1

Colar: . ¥ Display Min Min: Max: :

Symbol m By m Ties: 3 - Girids per tic: Tics: 3 - Grids per tic: |2 - I
. . ) ™ EnableiSeale ™ Enable Y-Scale 1

Line sty Soiid I Thick s I~ Encble X ifset I Enable Dfset 1
1

Update Mew ... | Delete Rename Cloze | I

1
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Mame Value
Salver F.emword JAMPDISES

|0 3
M ame lnadcol3 Fes==== =
Calar | L lreate :
Include [ azter bodel] Edit gDir% = gag
Uszer Comments Hide In MenudE xpart T
Card Image IMPDISP_Collector Hide

oMt 2] curvez |zalate Only

S V)5 S S
Input Type SKEW HFef entities
|skiew v Filter entities
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I o
| #2 = >Create>
-‘-=;-EP\|-GWE_I-<E-VTV-H-S--1)---------------' ---'&‘Ela-(z---------------------: : ENGINE_KEYWORDS
&l AUN (1 1 T
: e HU(N) 0 I} @ ANMOT () P
| 1 i) ENG_AMIM_DT 2 1]
P @ ENG_RUN l i : i o~ : [ENG_RUN]
Solver Keyword SEMIM/DT .
: Mame Value : : Include ’ [Master Model] : | Ru n M u m ber. 1
Name EMG_ANIM_DT
U e s ot Iy o I 1 Tstop: 0.1
1| Hame ENG_AUN Iyl et 00 I |
1| Staius 1 Tireq 0,001 N
1 FunMarnz : :
1 FunMurmber 1
1 RestartLetter 1
1 [ENG_ANIM_DT]

Treq: 0.001

o
=@ AMIMAECT (1)
@) ENG_AMIM_WECT 3 0

Name Valueg
Solver Keyward SEMIMAYECT/FREAC
Include [Master Model]
Mame EMG_AMIM_VECT
Status
ACC
CONT
DISP
FINT
FWEL
PCONT
WEL
FEXT
CONTZ
FORT
WROT
DROT
WFLU
FREAC
MREAC
CLUSTER

[ENG_ANIM_VECT]
FREAC

i e s i i i e

: Reaction forces for imposed velocities,
displacements, accelerations and boundary

L ———— conditions.
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A
File selection
Fletype:  [RADIDSS ~ RadiossOf| Al Sl A1 AlsH
Termplate: I Fadioss2017 j
File: I cumerntshhw_practices12%new1WFOA_joint_1D_beam_0000.r1ad ﬁl

[ Export options

Export: II:ustom - Select Entities
Solver options:  Select Options

e ———

o e o
2 HyperWorks Solver Run Manager (@DESKTOP-L2LNHG2) - O >

1
File Edit View Logs Solver HyperWorks Help 1

Input file(s): FOA_joint_1D_beam_0000.rad
Options:
[] Use SME: -nt 2 [ Use MPI opticns Use solver control ] schedule delay

Run Close

: : . : 41
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ot
pull
0t
0z
1ok
ro

Ozt
=
rir
Mo
I
=

off 4 Zut

Contour Plat
DisplacementiMag)
Analysis system

2123E4H02
[ 1.887E+H2
1.651E+H12
— 1415402

— 1179E+HD2
— 9.434EH1

7.076E+01
4.717EH1
2.369E+01

0.000E-+00

Max = 2.123E+02
MNode 4
hin = 0.000E+00
MNode 7

..

Initial Deformed

Computational time: 78.34 s
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File > Import > Nastran
|
2|

=2
=

L

2 =827
4

(Week12_Model_02.fem)

ol Lol =
HE O =4

@

W‘m
i
7
4
B
&
5

|File Cuality Connectionz  Wesh Editing Mass

) ————
‘LI‘ m
1| 8
1| i
L
“ - M_
! £t
L
LB
LR
L
LB
LR
o
» E
M RET
=
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‘9 Create New

®

Create Template

vl

¥ Airbag material

» Composite and Fabric
Connection
Elastic and Hyperelastic
Elasto-plastic
Honeycomb
Hydrodynamic
Rock and Concrete
Visco-glastic
Fluid
Non turbulent flow
Turbulent flow
Other

User Material

4

4

3

M Johnson-Cook (2}

» Zerili-Armstrong (2)

¥ Hyd. Elasto-plastic (3)

¥ Hyd. Johnson-Cook (4)

¥ Ductile damage (22}

» Ductile damage (23)
Plastic brittle for shell (27)
HEL QI QUORIE (32 e o
Piecewise linear (36)

———————————
Hil ortho. tab. (43)
Cowper-Symonds (44)
Zhao (48}
S s e
&
e
D 2
Title New MAT 2
Local Unit System None
i ——————————— -
[RHO_] Initial density® 17.85E-6
[RHO_0] Reference density 1 0
[E] Young's modulus® 1206 :
[Mu] Poisson's ratio® 1 3 1
o e o -

[Eps_p_max] Failure plastic strain i}

[Eps_{] Tensile failure strain 0

[Eps_m] Tengile failure strain ]

[C_hard] Hardening coefficient 0

[F_smooth] Strain rate smoothing |

[F_cut] Cutoff freguency for strain rate fitkering 0

[Eps._f] Maximum tensile failure strain 0

[WP] Strain rate choice flag 0: Strain rate are total strain rate
[fet_IDp] Pressure vs. yield factor function None

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

[Fet_IDE] Function identifier for the scale factor of Yoo |Nene
[EInf] Saturated Young's modulus for infinitive plastic ¢ 0

[CE] Parameter for Young’s modulus evolution i}

Heat |

Copvriaht © Computational Desian Lab. All riaghts reserved.

Model > Material 22/,
oA 222 =2

Create New >

Piecewise linear(36) M =
A A
o O

AERCRE
[RHO_I]: 7.85e-6
[E]: 240

[Nu]: 0.3
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PLAS_TAB

&8
=

[Eps_n] Tensile faiure strain

1C_hard] Hardening coefficient

[F_smooth] Strain rate smoothing

[F _cut] Cutoff frequency for strain rate fitering
[Eps_] Maximum tensile faiure sirain

[VF] Strain rate choice flag

[fct_IDp] Pressure vs. yield factor function
[Fscale] Y-Scale factor for yield factor function

BisGE

0

0: Strain rate are total strain rate
Hone

1

[Fet_IDE] Function identifier for the scale factor of Young mod| Hone

[EInf] Saturated Young's medulus for infinitive plastic strain

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

& ax

SNo |Eps Fscale_1 |[func_iD1

[Fscale_1] Scale factor ordinate (stress)
[func_ID1] Yield stress function*
[Eps_dot_1] Strain rate

Support

indow

x)

x: 0
f): 0
Validate
[=—————

Function name

0.00E+000
0.00E+000

0
0
O

O Lock sorting

(L —— |

1.00E+000

5.00E-001

1
1.00E+000

1
5.00E-001
X

C:AUsersiNamhee\DeskiopWieek12Wodel 01

Foiders
A

~ Fies

Waterial_Property.tet

- . N N S S S

A Weeki2_Wodel_01.fem 0017
0z

Report_Wesk12_Mode_01\ + Wesk12_Wodel_01.html 04

c 4 06
08

) b

EA 3

Recent Files

CUsersiNamhez\DeskiopWWeek12\odel_01\Week12_lModel_01.fem - .

Selection: C:\Usars\Namhae\Dasktop|Wiesk12\ods_01 o0

Jok 8 cancel
—_— )

Copvriaht © Computational Desian Lab.

Stress-Strain curve &} &

(022 L2 & = "Define

function” 2 &)

“Import curve” 28 2
| “Material Property.txt” It &
=227
|
|

HE ME HE

Function name

m ¥
Y x
P fx] 5.790000E-001
0 0

R )
“ifz 2.895000E-001
4809
5008 ¢
575 ¢ 0.000000E+000 t !
] 0.000000E+000 1.5000d0E-001 3.000000E-001
X

0
0
Validate
Undo Reference Save Cancel
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Title

Local Unit System

[lzmstr] Flag for shell small strain formulation
[lzhell] Flag for 4 node ghell element formulation
[lzh3n] Flag for 3 node shell element formulation

[idrill] Flag for driling degree of freedom stiffness

Mew PROP 2

Mone

(: Use value in /OEF_SHELL
(: U=e value in /DEF_SHELL
0: use value in /OEF_SHELL
0: Mo

[P_thick_fail] Percentage of through thickness integration O

[hm] Shell membrane hourglags coefficient
[hf] Shell out of plane hourglass

[hr] Shell rotation hourglass coefficient
[dm] Shell membrane damping

[dn] Shell numerical damping

[M] Mumber of integration points through the thickness

[lztrain] Flag to compute strains for post-processing

[Thick] Shell thickness*®
[#=hear] Shear factor

[thick] Flag for shell resultant stresses calculation

[Iplas] Flag for shell plane stress plasticity

Support®

Close

0
0
0
0
0
0

0: Use va /DEF_SHELL

LEN3

0; Drefault =&t to value defined with /OEF_SHELL
0: Default value defined with /OEF_SHELL

Cancel
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EEI

Model > Property =
e~ 228 =

Create New > Surface >
Shell (1) £ &

= 1.6mm &

HE

SIS
o =

Ofo

Jm
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Mesh Editing| Mass N iE
I 1
Q Node % Title: Mew RBEZ 1
[Mode_IDm] Master node identifiert 1|No e|
% Element ’ : | =m Pick in graphics
[a] TX translation  d )
@ Fart i’ [r] T translation : O (0) Liztizizn
x Rigid Body [0] TZ translation 1 O Cancel
. L= —— -
» imid | i r] WX rotation ]
i Bl inke o H;th =
1 I &] rotation
RBE2
e-— [1 WZ rotation
RBE3 [Skew_ID] Local skew identifigr of element
[grnod_IDY Support®
b [grnod_ID] Support (Advanded selector)
[Iflag] Center of gravity compufation 0: Rigid body formulation (Nastran} (Default)
e Y e e ——————
NGDE I
m: 1882 :
Cl:Frdinates 150 1000 | | 1
1
1 1
e

r—-
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Mesh Editing > RBE2 A4
OrfA 235 2 Create

New =&

Master node EHE:
(150, 1000, 0)

Support: Y&igF EE - E
A Ef
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=l
=

Create new =

—_
[«

T

o=z
T ="

Condition 28, O

>
—_
©
©
c
>
o
o0
A
Q
%]
©
)
©
©
o
—

New BCS 1

O
e D
M
M
=
=
M

ranslation

!

BCS
ALE formul.
a

[H]
Title

o )
padCase| RADIOSS Teools Data Historyl

L

L

%0
T

[

nge mult. formul.

[Tv] % translation
[RX] X rotation
| |[R¥]Y rotation

1 [TZ] Z translation

J
1
1

[Tx] X translation

Rotation

1| & Boundary Condition

: § Added Mass
1

] Support®

id] Skew

nod_id

@

S S S N N NN N N N N N S N ——
BV

1 [RZ] Z rotation

—
w

X

<
K0
K

-l

joll
<r
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N S HE2 v g
s | TEXZAS Ml 2=
D 2 o A
Title New BCS 2 X|-T'—E :rl-_' N
|ALE formul O | (Tx,Tz,RX, Ry,RZ :rl"—'T)
NI Y e e e e e e
Translation 1
|['I')(]X translation kA :
[TY] Y translation O ’
: |['I2']Ztran5latiun @ - i
I= Rotation 1
: |[RX] X rotation =3 H
I [RV]Y rotation K l
LRzzoeton e B
[Skew_id] Skew Nene
Wmm"'lﬁ?@__'__'__'_________




LoadCase RADIOSS Tools Data History Safety Process Options H
§ ~dded Mass ';; ’% ‘.f“ m @
AP Boundary Condition
£} Concentrated Load
a Contact Interface
I Convective Flux
Eigen and Static Modes
Elementary Boundary Conditions Sets
Flexible Bodies
) Gravity Load

Imposed S ) e
Intial state due to gravity load l_;,',’ Imposed Digplacement

TS

£, Imposed Thermal Flux Density

Bo Initial Temperature
Yo Initial Velocity
Initial Volume Fraction
Load Velocity Field

B Man#nrad Vnlimas

B} Imposed Temperature

71 Imposed Velocity

Nindow

IMPDISP

1]

Title

Local Unit System
[T=tart] Start time
[T=top] Stop time
;Dﬂ Direction®

T

[Scale_x] X-Scale factor

[Scale_y] ¥-Scale facter

[Izkew] Skew

[lzensor] Sensor

[Frame] Frame

[lcoor] Type of usage of the coordinate system
—

____

Function name ;| New FUNCT 2

Whes mswppert T

New IMPDISP 1
None

1]

0

o liranslation)
—————————————— - ———I

HN&W FUNCT 2
o ——————
1

1

None
None
None

0: Cartesian coordinates
- ———

J5) PRSP, 97260 . of NODE |

0.000000E+000 <>

W g x

000000E+000

TiITIE-| Dizpla cementl
0 0
100 200 iR IBERRRATE +002-{-
] -2.000000E+002
Time: 0
Displacement: 0

5.000000E+001
Time

A
1.000000E+002

| Undo Fleferenc:eI | Save Cancel

Copvriaht © Computational Desian Lab
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LoadCase > Imposed >
Imposed Displacement

=2
= 1,

oA O=F S
oA 228 =2

|

|

|

|

| Imposed displacements
| AH A

| o o

|

!

AIZE-9) TRz 4
(0,0), (100,-200)

DIR: Y

Support: Al BFE RBE2
Q29| master node 1EH
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MEXH MH

%o Contact Interface

Rigid body/Rigid body (Type 6)
Muli uzage (Type 7)

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

LoadCase| RADIOSS Tools Data Histon &t d
H i1 Create New M ALE/Lagrange with sliding (Type 1)
I § Added Mass C !
1 Create Template » Kinematic condition (Type 2}
I 4P Boundary Condition
1 4 Surface/Surface(Type 3)
1 C trated Load
1 Fl S E oy y Modes/Surface (Type 5)
I F
1
1
1

PET
[in] 1
Title New INTER 1
e
Self Impact

e Lt
Local Unit System None
Formulation 0: Classical
[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/NTERTYPE
[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, =et to value defined in /DEFAULT/INTER/TYPE
[lcurv] Slave gap with curvature 0: No curvature
EdﬂLucal curvature ﬂa& 0: Not actlvated

i —————————— ——————————_—— .

IStfac] Scae factor for sifiness : Interface stiffness scale factor

S
[dtmin] Limiting nodal time step

[Irem_gap] Flag for deactivating slave nodes if element = |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/NTERT

' N E  F i H e i e e e e
[Gapmin] Min. gap for impact activ.

bl o et e o o 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 : Static Coulomb
————————

[Fric] Coulomb friction 0.2
-

[Iform] Friction penalty formulation 0: Default, set to value defined in /DEFAULT/NTER/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
Lo LErigtiog grifier for ricjion o flfian (0 S21°Eh | L0NE e s s e s s o o o s s e e g
[Mast Dd] Ma.ster surface‘ [8] INTER, gruup B Df PART

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

Copvriaht © Computational Desian Lab. All riaghts reserved.

LoadCase >
=3

Contact Interfaces 5,

O£ 2FE 2 "Multi
=R
=

usage (Type 7)

Self Impact M3

Minimum gap for activation of interface

[Stfac]

[Gapmin]: 0.9

[Fric]: 0.2

[Mast_id]: 2 & M EH

(1.0 real: contact stiffness is taken from the masqer segment)
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off 4 #|Oo|]A 278

Model > Control Card= &

Hudel| LoadCase RADIOSS Tools Dat: 1
1
Browser L 1
1 1 1 RUN_NAME_NUMBER_LETTER I
: @ rart : 1 Run Number 1 1
1@ waterial I | /[DT_STOP] Final time for run |100] |1 JTLI' El’ Dl E'I MM x
1 &} Property 1 I | Restart letter - Defautt : = O
1 ] 1
1 Addto Material vl 1 1 |
: A Funch 1 : ANIM_DT I
ion 1 - ]| EH
[TSTART] Start time 0 I A
I runcton 20 o | B E export (RADIOSS 1155)
1 1 1 [TFREQ] Time frequency |1| |
I £ Function Scale and Shift 1 1 . . . . 1
1 I I : Generates animation files containing 1
|5 11 @awsver  vectorial data for the specified variable |
e o o o o o e e e < LT 1
J /ANIM_VECT_RESTYPE_SUPPORT 1
1 “Variable name to be saved in animation file® |FREAC: Reaction forces for impesed velocities, displacq 1
1

|Fi|e| Quality Connections Mesh Editin |
I

" MNew g £

! £ =l
1 &) Mew Model 1
I I
1. % Import 1
I I
: |l§ Export b”RADIDSS... | '
I I
i Print , Mastran... I
I i I
1 Excit UNY File.... i
I LSOVNA.. 1

: : . : 53
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ot
pull
0t
0z
1ok
ro

b
1
rir
Mo

N
=
of
1x
1IN
=

Contour Plot
Displacement{Mag)
Analysis system

2.061E+02

[ 1.832E+02

1.603E+02

W — 1.374E+02
l i § — 1.145E+02
1 - 9.159E+01

6.869E+01
4.579E+01
2.290E+01

0.000E+00

Max = 2.061E+02
Node 1079

Min = 0.000E+00
MNode 329

Initial Deformed

Computational time: 87.70 s

: : . : 54
Copvriaht © Computational Desian Lab. All riaghts reserved.



k3 file: % Eﬂbl U zershedbDocumentsihe_practiced 2newl Wwieek_Model 024534 j apply |1

Loadcase 1

Dizplacement

I ® Pequest i N1982

1 x Carmpanent-—{*'

(RN [N KN KN (KN

I Lapout: IUse current plot

Filter:l ¥ Request: 1= 1= [1= Filter:

i MN1896
I Sect.REY Wwall F. MN1380
I Sect. ABY Moments

N1981
Reaction Farces _
Al | o | i

Y Component: 1= [|= [1= Filter:l [~ Preview
=
L, . Options
z

MAG
&l | Nane | Flip |J

L

- e w0y Plat I Name Value Mame Value I
E.A clN1982-v | E Data =l Data :
r= 1 : Cource File Source File 1

: 1 File C:\UsershedhC File EZ"‘.USEIS"\Cd|"-.DDCI:

! 1 Subcase Loadzasze 1 Subcase Loadcaze 1 I

: Type Dizplacement Type Fieaction Forces :

| Request N1982 Request N1ga2 i

1 Companent ¥ Component ¥ :

: tandard = Standard I

| Offset 3 oo Oifset 0.000000 i

1 First % alue 0.000000 First W alue BE.874146 :

: Az Azsignment | Axiz Azgighment A :
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HyperGraph 2D > open
H3D I+

XZ= > Displacement,
N1982, Y &7

YZ > Reaction Forces,
N1982, Y &%

@
@7
'
@
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s
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W
3
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20000

Axial Force [N]

Ot
=
i
Mo
1IN
]

54 2t

Reaction Forces-1
N1982-Y

MM (N1982)9]
X=5| (Y I:CI>I-'c‘>C')t)

- FOA
~~ FEA

FEA (Shell)

(Beam)

50 100 150 200
Displacement [mm)]

Reaction Forces

N1382-

100
Displacement
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