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W@@W Visual Crash Studio - all-in-one environment

visual crash studio

VISUAL CRASH STUDIO (VCS) is an all-in-one environment for early design, virtual testing and optimization of
complex crashworthy structures.

It includes the functionalities of the 2D environment for analyzing and design of thin walled prismatic members as
well as a complex 3D virtual design space for modeling and testing of individual beams, subassemblies and
complete structures.

VCS is based on Macro Element Method worked out (among others) by T. Wierzbicki and W. Abramowicz in late
eighties of the XX century. The computerized version of the current macro element theory is based on the works of
Wlodek Abramowicz.
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About Macro Element method

~ MACRO ELEMENT METHOD is based on simplified modeling.
The concept of Super Folding Element at the cross sectional level and Super Beam Element
in case of a 3D structure, enable the creation of simplified models of variety of design concepts.

# The Macro Element models take over the main load of
simulation work at the intermediate level of the design d
process when basic dimensions of the structure G
undergoes frequent modifications. :

early stages of the design process when fast
assessment of various design concepts substantially
speeds up product development process.

~ The Macro Element method is especially useful at {}

~» The main benefit of Macro Element Method -
very fast calculation process.

4 A consequence of simplified modeling approach,
most significant for the optimization purpose, is
the possibility of easy modification of a structure

~» Compared to a FE model the CCC or VCS Macro
element model gives similar results in substantially
shorter period of time (seconds).

Calculation time for this Model is 125 [s] !
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Macro Element 2D simplified models - CROSS SECTIONS

Simplicity of cross section modeling by means of macro elements
(on the left — a Macro Element simplified model; on the right — the original FE
geometry a the cross section)

ks The Macro Element calculation routines
require as input

overall dimensions of the cross —section

tensile characteristic of the material

~»  The calculation process takes only few
seconds on a standard PC.

N

» Accordingly to the Macro Element Method VCS software
enables the creation of a simplified cross section
model build of Plates and Segments based on Points.

~» As an output of the calculation process (for the cross-
section on the left the calculation time was 1sec.) the
user receives 7 blocks of results. Modifications of the
design can be easily made by changing the coordinates
of Points, thickness of plates and/or material
characteristics.
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Macro Element simplified models — 3D STRUCTURES

Finite Element Model

The Node is used as a spatial reference
point for all VCS objects

The Node encompasses number of data
necessary for dynamic simulation

Super Beam - Defined by 2 Thin Walled
Cross Sections

Solid Beam - Defined by a singe Solid
Cross Section

User Defined Beam - The mechanical
response of the Beam defined by
2D Characteristics

“_ Rigid Bodies
Rigid bodies: sphere, cone,
cylinder and box (cube) are

created as objects attached
to a Node.

. Barriers
VCS implements three deformable barriers
\ according to the following specifications:
: MDB FMVSS 214; MDB 96/27/EC; ODB
ITHS/EEVC
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MEM applications — Cross Sections

The design of a structural member at the cross - sectional level is especially important at the pre - design

and early design stages when the proper shape and optimal dimensions of a member are sought and the
design concept undergoes frequent modifications

In automotive industry Macro Element ﬁ\
Method can be successfully used for
design and optimization of cross sections

of various assemblies of a vehicle
structure.

Thanks to import / export possibilities,
simplified modelling, and very fast and
adequate calculations, VCS is perfect for
optimization routines at early stages of
product development.

A-pillar Side roof rail crash box
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ME applications — 3D Structures

The Macro Element Method is especially successful in the field of large deformations of thin
sheets and thin walled elements made of variety of materials

% Sub-assemblies

2" ="e l S-frame I B-pillar
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VCS - main view

On the top of the screen you can find the MAIN TOOLBAR where you have easy access to most of the VCS main features.
On the left hand side of the screen you will find 3D VIEW TOOLS dedicated for the edition of the 3D view. This icons will enable

you to control appearance of the main 3D view
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~ .

® ol hand side of the screen you
v Z& o) will find folders containing
3 £ each and every object

] e created in the Solution.
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e Properties

= BackgroundColor Il Black

[ (5.6968 E2. 5.6968 E2. 5.6968 E2) . .

o % s The Properties window on
H Coers Prpecive the right hand side gives
= ® the possibility to edit an
T object. In the properties

= window you will find the
s properties and results for
the currently selected
object
&9 2 Errors | 0 Warnings |90 Messages |3} Selected Objects | ) 0Ignored
| Obiect Name | Description [ Obiect Type [ ldentifier

Current background color

Output Dynamic Assistant | Tool Settings |
Ready Nodels): 0 Beam(s): 0 Rigid Bodie(s): 0 Mass: 0 [kg]

In the Qutput window on the bottom of the screen you will find

O.UtpLIt.& . additional information about the current status of any selected
Dynamic Engineering | tool. This window also includes basic help information for the
Assistant selected tool

Dynamic Engineering Assistant provides a list of errors, warning

and useful messages detected in the VCS solution. \‘ .
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.

4. Strain - Rate Eflects
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ME method work scheme — general information

1. mesh/initial geometry import 2. Material definition 3. 2D Structure - Cross Sections
5
==y \
1 \ “_
\\ T@,__A =
- o X
- "'/
4. Cross Section analysis 5. 3D Structure - Super Beams 6. 3D - additional elements

+FHBLQARAAQ R &MY
Crushing Force [kN]

o
o 2
Elselected mo de [=]Pm (selected mode)
00
5L Cross Secton Edtor [Jn_esal Cryshing | - Bendng | L Torson ] - Lateral Grushing |  Denting |
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ME method work scheme — general information

7. Mass distribution

8. Initial & Boundary conditions

9. Contact settings

10. Solution Settings

EH 1. Attnibutes

H 2. Animation

El: 3. Time Stepping Routine
ElapseTime 50
OutputFreguency 1
Timelncrement 0.01
TimeStepCritical 0.01
TimeSteppingRoutine StandardExplicit
Timelnits Milliseconds

EH 4.Fields and global

H 5.Settings

H Other

H Stahstics

11. Calculations and animation

12. Results - Chart Wizard

Chart Wizard =]
Clear [¢sEOL QRO Q EF KKk X
[EXm|

&[] Bk of the model [cNim]
O

20

near
[ Anguiar
[ Total i
] Stress Energy: Macro Hements

e ||
o
AN
) e

5 50 100 150 200 250 300
=] Filtgred: *Solution-Ek of the model [kNm]-Total / Time [s*10-3]' (SAE-CFC: 180)

¥=-37.108 y=0013

o+ Time
Solution
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Super Folding Element

The very core of the theoretical background of Cross Section Editor is the Super Folding Element (SFE).
The SFE represents the segment of a corner line off a prismatic column.

One SFE is cut off from a column by a set of two parallel horizontal planes. The distance between planes, 2H, equals the length
of the plastic folding wave of the column. The vertical boundaries of a SE are defined by a set of two vertical planes equally
distanced from the neighboring corners and/or vertical edges of a column

SFE is cut by set of two

% N— horizontal, parallel planes
N 1

K The distance between the

- L H horizontal planes equals the

length of the plastic folding
wave of a column

The vertical boundaries -

| ! planes equally distanced
/ from the neighboring

corners

The initial geometry of a Super
Folding Element is defined by four
parameters:

1. total length, C, of two arms of a SE,
C=a+b,

2. central angle, ®

3. wall thickness t2 of the arm of the
length a

4. wall thickness tP of the arm of the
length b

s ¥ R visual crash studio w



Cross Section Editor — simplified modellin

kd-¢-/ =T SRBL 2%. +Q2A283. Mo,

The Cross Section Editor is used to design, b
calculate and optimize Thin Walled Cross-

Sections for best crash performances. —
Cross-Sections processed by the Cross J
Section Editor are then used to build 3D

prismatic and tapered Super Beams. 1
Cross Section Editor - 3-Hat section @
(w0 o BT EEERE DL Qe 2@ Ed, ' All Cross Sections created in VCS consist of
. i Points, Plates - created by connecting two Points,

- [ ' " Segments - build of Plates, Super Folding
Elements and possibly Connections.
@, Points
% Plates

25 - i ————————————————————————————————
(

- Segments

-
«¥ Connections
PSS =29 ~fm

u . Super Foldng Elements

x=-30.47 y=51.72 Plate(s) intersections .
Il Cross Section Editor | Je, Aoial Cn.lshingl 4= Bending | 1~ Tursiunl 4= Lateral Cmshmgl = Dermngl
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ject file: C\Users\IDS\Desktop\Model\Solution.vcs
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Cross Section Editor - 130-Thin Walled Cross Section (Part: 93_sidepanel)

ooLio
10011

01oi0 |

?

Cross Section analysis - RESULTS

221,238

176.991

132,743

88.495

44.248

0

-
-

Crushing Force [kN]

FHOL O&Eaa/l=n i

E=IrE]

=2
| ®=2 Z
= 1_Properiies

Area
Material
Referencelength

SpecificMass

366.4764 [mm 2]

8414
2.8952 [kg/m]

SummaryOfCross Section SummaryOfCrossSectionData
p— - .

El 2 Resulis
AxialResponse
Bendinghoc
BendingMyy
DentingResponse

DesignRecommendstions Design flaws and recommendations

ElzsticProperties
LaterzlResponse
TorsionResponse

Puial crushing data
Mbec fred principal axis)
My (blue principal ads)
Denting crushing data

Hastic response data
Lateral crushing data
Torsion response data

CalculatedFlag

x=14.06 y=-14.718

Ve Sars. o ey
Cross Section Editor: select tool (7 orh - Help)

: m ding | 1= Torsan 4= Lateral Cmsh\ngl 3+ Deﬂtlng]

Results of calculations for a cross section
are grouped in 7 expandable containers in
the section Results of the properties

window

True
Plates 18
Paints 2
Segments 3
SuperFoldingElements |15
El 4 Advanced
Calculated] True
ConstrainedBendAndLatC 0
NeutralfxesOrientation  Default
= |2 Other
Crushing Distance [mm] Comment
0 20 40 60 Layer Default
] selectedmode =] Pm (selected made) Name Copy of Copy of shell_section

Thickness of plates in Cross Section in [mm]

E> Axial Response

I:> Design Recommendations

E> Bending Response
I:> Elastic Properties
|:> Lateral Response
I:> Denting Response

|:> Torsion Response

~ Each container lists characteristic parameters for a

given crushing response mode such as maximal
value of force or moment, energy absorption
capacity, limiting value of a deformation such as
total rotation in bending hinge or jamming
rotation in torsion crushing.
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VCS - examples of application — side roof rail

Cross Section Editor - 150-Thin Walled Cross Section (Part: 93_sidepanel)

Wil D = 55 o FIHOL cERasa LE&H.

&

100 }
VCS 3D model &)
75 gt 2t
50
AN
1]
-25 l
-75 -50 -25 - .
x=146.07  y=3202 Plat Cross Section Editor
o5 1 Editor: |h Pocial Crushlngl 4‘3 Eendlng] |, iorsion
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VCS -

examples of a

Basic edition possibilities available in the Cross Section Editor:

i itor - 2- -Thir i - i B A
Crass Section Editor - 1-Copy. 150-Thin Walled Cross Section (Part: 93 sidepanel} Cross Section Editar - 2- Copy 150-Thin Walled Cross Section (Part: 93_s|depane\)’m_£fz | | =]
s 5 p w R0 Ao EE - |0 KD (3 A
v s RE - < AHDL. vORAA 2EBHME, d Visible True
%4 Move Segment O 1.Properties
P o CircularTubs False
100-| # Move Plate Miategal 464 (LS _DYNA)
S, Move Point f Thickness | ]
= Misc
M e 1
jlitcco o Name 0-Segment (Part: 230_roofrailsid
s XShittimm] . ),)' N 7 Flotes 4
Other
¥ Shift [mm] /B\Jl--. . ey
Shiftto CG. i
— / EE

P~
ﬁ [ Fo

— 15
3 s o THe——
. Name 0-Segment(Part:] B_roofrailmiq
| Plates 3
: . ; ; . o Other
R T N p— of - |
p— : : : : e
Cross Section Editor - 1-Copy 150-Thin Walled Cross Section (Part: 93_sidepanel) Cross Section Editor - 2- Copy 150-Thin Walled Cross Section (Part: 93_sidepanel) @
fvatroFsaZzl - < ¢ BOOL. ~0aasa /| @6d. ;zﬁvq.-nfa%rx/\{f\mn@L..;-:-@@@.a,;.gaﬁa,
100 < 100 < \ / .................
75 / / \,r—’ 75 \;/@
'( § é / o /;‘LE;; o ;;sa
50 = ” / 50 / o /”
\ ( ‘,. a o
25 /J 25
0 W = 0
-25 J -25 J
-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125
«=14506  y=110.03 Plate(s) intersections . x=-4452  y=-4132 Plate(s) intersections
I Cross Section Editor | I, Awial Crushing | o Bending | L= Torsion | o Lateral Cuushing | 4~ Denting | I Cross Section Editor | [, Adal Crushing | 4 Bending | L~ Tersion | o Lateral Crushing | < Denting |

lication — side roof rail

| [

ﬁ i
/ CircularTube False
Material 301 (1S _DYNA)

E 1. Apperance
Misible True
E 1.Properties

-

~ Modification of coordinates of Points . Modification of thickness of Plates and/or

Segments
visual crash studio w
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VCS - examples of application — side roof rail

Basic edition possibilities available in the Cross Section Editor:

Cross Section Editor - 3-Copy of 150-Thin Walled Cross Section (Part: 93 sidepanel) =] Cross Section Editor - 4-Copy of 150-Thin Walled Cross Section (Part: 93_sidepanel) [=]
[vfrdrn ol - |+ BHOL.I+0Raa | 2EOE. (sRdro Ao REE - 4| O0OL . cERAA . 2HeM.
100 < 100
75 /\r_—'{g 75
50 / ; 50

g ./
- . T
g Crcrs; Section Editor - 4-Copy of 130-Thin Walled Cross Secticn (Part: 93_sidepanel} @
; w0 S B XRE - S HNOL. vERAa, I ed.
. =k ; ’ |
= J 8z %) |_]\ 100
=1 \
75 50 5 o Visible True
x=140.6  y=-23.48 Plate(s) inte] =1 1-_Pﬂlllﬂiﬂ \ - \ 7
2L Cross Secton Edtor | [ Al Crsting | F* Bendng | = | pecacilarTube False v
= 401 (LS_DYNA)
Thickness <Browse: e
= Misc 407 (LS_DYHA) B =
Name 403 (LS_DYNA) H
i 385 (LS_DYNA)
Plates 301 (LS_DYNA)
Other 454 (LS_DYNA)
1477 (LsDYNE) - s i[-.. ! p
0
-25 J
-75 -50 -25 0 25 50 75 100 125
% x=44.37 y=111.62 Plate(s) intersections .
tor | I, Avial Crushing | o Bending | I~ Torsion | 4 Latersl Cushing | 4= Derting |
- . . . . - . . , .
» Modification of material assigned to a Plate » Modification of Segment’s geometry;
or a Segment creation of a new Plate or Segment
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VCS - examples of application — side roof rail

All cross sections created in a VCS Solution can be calculated simultaneously.

File Edit View Help

O, = ooLig
ES N n-ﬁ'ﬁLﬁ%” OO = w2
= oLatn
B Solution ’%?l
El |:| iy - 150- Thm Walled Cross Section (Part: 93_sidepanel)| Cross Section Editor - 1-Copy 150-Thin Walled Cross Section (Part: 93 | Cross Section Editor - 2- Copy 150-Thin Walled Cross Section (Part: 93_sidepanel) &)
[EREY Th\nW Rename

IS S R EE AR v Kt s E N E @A v FanTE-YicA® YEE 2

Add Thin Walled Crass Section .
I 500 (L5_DYNA

Add Solid Cross Section
= |:| Charactenstics

Add Cross Section Wizard
2D Characteristics

E - -25

|| 3D Charactenstics 25 J 25 J rj
. B Reports | [ ,

Optimization Projects 75 -5 Cross Section Editor - 4-Copy of 150-Thin Walled Cross Section (Part: 93 sidepanel) @ Cross Section Editor - 3-Copy of 150-Thin Walled Cross Section (Part: 33_sidepanel) ’E oo 125

Add Folder

100 100

,5 /ﬁ@;
a9

25

I 44
] Solid
Ei5] Materals

17 401 1LS
] E ﬁii Select Al

17 301 (L5_DYNA)

- |= 464 (LS_DYNA) 25

17, 477 (LS_DYNA)
1% 56 (LS_DYNA)
1= 58 (LS_DYNA)

,,,,,, 75

Calculate All

Compare Cross Sections

%

25

x=-69.9

»

" |l Grushing 4 | »

L1 Cross Section E¢

_sidepanel) in 00:00:00.8700458 hm:s]

I Cros

" |End Calculation on - B-Cnp'_.r of 150-Thin Walled Cross 52
End Calculation on : 2- Copy 150-Thin Walled Cross Sect
Starting Calculation on : 4-Copy of 150-Thin Walled Crosg

|End Calculation on - 150-Thin Walled Cross Section (Part

*|Starting Calculation on ; 150-Thin Walled Cross Section |

End Calculation an : 1-Copy 150-Thin Walled Cross Sec
Starting Calculation on : 3-Copy of 150-Thin Walled Crosg

End Calculation on : 1-Thin Walled Cross Section in 00:(
Starting Calculation on : 2- Copy 150-Thin Walled Cross 3

Starting Calculation on : 1-Copy  150-Thin Walled Cross

Starting Calculation on : 1-Thin Walled Cross Section

on {F‘art 593_sidepanel)in 00:00:00 5680554 [h:m:s]
N (Part: 53_sidepanel) in 00:00:01.0950628 [h:m:s]
ection (Part: 93_sidepanel)

83 _sidepanel)in 00:00:01.0880623 [hm:s]
N (Part: 53_sidepanel)in 00:00:01.0870622 [h:m:s]
ection (Part: 93_sidepanel)

004570284 [h:m:s]
ction (Part: 93_sidepanel)

Ction (Part: 93_sidepanel)
it: 93_sidepanel)

- e
=
v

\

Calculaiion Hme for ALL Cross Sacions is 1.96 [[s]

visual crash studio w



(4

“"Compare Selected Cross Sections” tool

Results of all calculated cross sections can be compared with the usage of the
“Compare Selected Cross Sections” tool.

Compare Selected Cross Sections _“ - - - .- . L. E

.150-Th\n Walled Cross Section (Part: 93_
1 -Copy 150-Thin Walled Cross Section {f
Specific r-;g;s [#6] [z2- Copy 150-Thin Walled Cross Section {f
.3-Co py of 150-Thin Walled Cross Section
[B4-Copy of 150-Thin Walled Cross Section

5 h Load [%] A
- quash Load [%

Peak Farce [%]

.
Energy Absorption [%]

Mean Crush| o Farce [%]

| Specific Mass | Squash Load | SEA Mean Crushing Force I Energy Absorption |
in Walled Cross Section (Part: 5... 6.2952 Jkg/m] - (100%) 271.7636 [eN] - (100%) 155844 [cNmAcg] - (108 ) 100.6245 leN] - (100%) 1006243 [kNm] - (100%) 252.8437 [1)] - (100%)

150-Thin Walled Cross Section... 65192 ka/m]-(1036%) 2820608 kN]-(103.8%)  16.2885 kNm/ka]- (10| }%) 1061878 kNI-{1055%) 1061878 kNm]-(1055%) 2617737 [ JI- (1035%)
150-Thin Walled Cross Section... 5.9213 kg/m] - (109.9%)  304.8641 kN]-(112.2%)  17.6958 khm/ka] - (110 [%) 1224776 kN]- (121.7%) 1224776 kNm]- (121.7%) 2853517 ) J]- (112.9%)

BErgels

e - M{} MIEDIER  Reabonimlf Soe) i omflta
List of all Cross List of selected Diagram illustrating Each Cross Sections

Sections created Cross Sections the results of results will be
in the Solution. and their results selected Cross illustrated by a line
Sections of a different color
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& Crash Cad Calculate v. 1.11 (2014) - New project file

File Edit View Help

M@ =md s oo S mE
B-§ Sotion

SR Cross Sections| p—r

-] Thin-Walled Cross Sections

- O-Hexagonal double hat & daphragm
@ L1 1Hat section
#-L1 2-Double hat section

12 mat_BEAM _rear_plate
"] Characteristics

[E2] 20 Characteritics
{ix] 3D Characteristics
{7] Reports
1] Optimization Projects

Cancel Create ‘

Results Report

The “Report” functionality enables the User to semi-automatically
generate report summarizing results of various Cross Sections, and
to view the summary of result data for each Super Folding Element
of a one chosen Cross Section.

In the Report table you will be able to view and compare each cross
sections geometry and data for each of the selected parameters.

After clicking on the “Chart” bookmark you will be able to view a
graph visualizing the comparison of cross sections (marked here as
cross section 1, 2, 3 and so on).

o5l Report - SBC Excel Export - HR&DSBC Excel Export - HR&D = =B E
hdB.
150-Thin Walled Cross Section (Part: $3_sidepanel) 1-Copy 150-Thin \Walled Cross Section (Part: 33_sidepanel) 2- Copy 150-Thin \Walled Cross Section (Part: 53_sidepanel) 3-Copy of 150-Thin Walled Cross Section (Part: 53_sidepanel) 4-Copy of 150-Thin Walled Cross Section (Part: 93_sidepanel)
3
Prmax [kN] 252 8437 2617737 . Report - SEC Excel Export - HABIDSBC xcel Export - HR&D o B
Prm k] 100.6249 106.1878 AT R R S AT T
Mass [kg/m] 6.2952 65192 i |
SEA [klikg] 15.9844 162885 s
2H [mm] 2032 2023 |
Mece Max(+) [kNm | 8.1552 8.5645 ‘““E
Moo Mas(-) [kNm] | -8.1707 -8.5387 i
Myy Max(+) [kNm | 3.1385 3663 107555
Myy Max(-) [kNm)] | -2.6726 -43771
Trmax [khim] 29571 35503 =
Mezee [kNm] 8.2586 86999
Tiory i) Teon Yin s e~ e R —
To [khm] 32767 38621 !
Po [kh] 2717636 282.0608 |
Centr. X [mm] 2955 2827 ol
Centr. Y [mm] 5214 50.56 i
alpha [deg] 4277 4282 T R E————— G, I I 5 rumber |
(=]
> 10 s
— Fepot | Chart]
— | — — —
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NODES - Properties

=8 Solution a
=] Cross Sections =
{£x] Thin-Walled Cross Sections
14| Solid Cross Sections

(5] Matenials

A 1-Node

) Solution Explorer | [ ¢ Search
o 21
E 1. Apperance ~]
DrawSize 80
ShowTrajectories False
VectorDrawSize 10
Misible Toue.
2 e B —
X -806.46144377713324
i 575.11760034245822
Z 837.25084287941957
& Origin (8.0646 E2, 57512 E2. 8
X -806.46144377713324
Y 575.11760034245822

83z mmmz_l

El.lulondhuﬁ

TransformedMoments

Concentratedinertia SecondOrder I ensor
ConcentratedMass 0
Mass 0
E Prir pa M. E
beox 0
lyy 0
2z 0
ShowPrincipal Axes False

E 4. Kinamatic Constraints and Concentrated Loadings

SecondOrder Tensor

B ConcentratedLoadings 0d.of. assigned
Forces 0d.of. assigned
Moments 0d.of. assigned
B KinamaticConstraints 0d.of. assigned
AngularVelocities 0d.of. assigned
LinearVelocities 0d.of. assigned |
E 5. Contact/Impact seftings
CreateRemoveContactSphe False L.'
DrawSize
Size of the node (frame) in 3D views, [mm]

3D environment objects - NODES

The Node is used as a spatial reference
point for all VCS objects

Several elements can be attached to
one Node

The Node encompasses number of data
necessary for dynamic simulation

The Node encompasses number of data
necessary for dynamic simulation

NODES - Properties

Node Appearance

Geometry
® center of gravity
® origin

Mass and Inertia

®* Mass

®* Concentrated Mass
Concentrated Inertia
Principal Moments
Transformed Moments

VCS NODE
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Macro Element 3D Structure - SUPER BEAM ELEMENT

The Super Beam Element models large deformations of thin walled structures
Two major features of the Super Beam Element (SBE) must be kept in mind during any modeling procedure

involving those elements:

@, The Super Beam Element is build up from a collection

of Super Folding Elements (SFE).

Each SFE has the length of the plastic folding wave
2H and models crushing response of single corner
line of a prismatic or tapered segment of thin walled
cross section. Therefore, the smallest size of Super
Beam Element in any VCS model should not be
smaller than the length of the plastic folding wave.
Since each Super Beam has two deformable sections
(referred to as deformable cells) the smallest
recommended length of a Super Beam Element
equals 4H.

The Macro Beam Element

Start
interface
End
interface

Internal mechanics of a beam
F y X element is defined by the y

kinematics of two interfaces X

M
z
z
F
M

Start interface End interface

Deformable cell

@z@@

Superbeam Element
Node start U |_[Deformatie]_|.__)/ Node end
= cells =
LZH .| beam element | 2H _“

The Super Beam Element models large deformations of thin walled
structures, however, it follows standard definition of a beam due to
Love & Kirchhoff. In particular the segment of thin-walled structure
modeled by a SBE is limited by two planes perpendicular to the
initially straight centroid line. During any deformation these planes
remain perpendicular to the deforming centroid line. All the
loadings exerted onto the SBE must be applied to the limiting
surfaces referred to as SBE interfaces. These basic features of the
beam formulation impose several restrictions on to the SBE
response in crashworthiness calculations.

For example:

« Rotation (bending angle) of each interface cannot be larger than
90 degq.

» Local Shell-like response of SBE in contact impact events must be
modeled separately using contact envelopes and contact

characteristics
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3D environment objects - BEAMS

The Beam Element is spanned between two Node Objects. VCS offers four types of beam elements:

 Super Beam Element

Two Thin Walled Cross Sections define a Super Beam Element.
If the same cross section is defined at the start and end Nodes the prismatic Super Beam Element is created.
In case of different cross sections a stepped Super Beam element is created.

. Solid Beam

A Solid Beam is defined by a single Solid Cross Section
 User Defined Beam
The mechanical response of a User Defined Beam is defined by six 2D Characteristics (plus set of scalar parameters).

 Create Super Beam from FE Part

A tool dedicated to enable the User to build complex Super Beam geometry from FE models

\ ao

Lt
5 w9 =
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3D Simulation animation

Vox

finterval (010 interval (10--1)
Start Time : |0 End Time

End Vale: |1

Frame of reference
& Global

Add | Remove |

VCS - 3D SIMULATIONS

Chart Wizard

- = Chart Wizard

10

Start Value: |0

" Local

Apply

r

Close_|

+FHBL QARG EF B X
0

-25

[HEAN

0 25 5
13- Node-v [mfs]-x  Time [s*10-3]
x=15405 y=-0481

Chart Wizard is used to
create various graphs.

For VCS results the user can
select any object of the
Solution.

It is also possible to view
results for a group of VCS
objects.

@, Dark gray:

© park green:

macro elements which remain in
elastic range

elements that have reached limit
load carrying capacity (under a
combined loading).

elements in the post
collapse range

elements in deep collapse region,

0
0 20
[selected mode  [==]Pm (selected mode)

Crushing Distance [mm]
40 60 8q

,/\/\/\f\/
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CHART WIZARD - creating various graphs

Chart wizard window is divided into three sub-windows.

The main window presents the
function chart.

List window at the left side of
the chart wizard is a selection
window for dependent variable
(ordinate).

The default independent
variable

(X-axis) is time.

The list window at the
bottom enables

selection for
domain.

itered: 3-Node (imported)-F [kN}-|! \Time (=10

Green time marker -
This line illustrates the movement of

function the load case simulation

in Chart Wizard a number of filters designed for converting the diagram curve are available.

*, SAE Filters

. Low pass 2" order Butterworth

“, Filter (BF)

o

©, Turncated Fourier Series (FFT)

./ Moving Averages (MA)

+@HBLIARAK]ER E K

Chart Wizard

[ 10 20 30
- Node (Imported)-A [m/sA2HAlf Time [s%10+-3]
66 y=-TI0.828 E2

Chart Wizard a
¢@HBL QARAQ EF &
1 \/
| S
(s10°3]
0 10 2 0 )
A Ffttered: 38-Node (imperted)-A [m/s~2-IA| / Time [s~10~-3] (SAE-CFC: 180)

¥=-3220 y=TE6ISBEY

Time
32

(imported)

Left wheel
Right wheel

,V\/\r\/
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Comparison between
FE simulation and Macro Element simulation

w1 lmpact Design - Visual Crash Studio Professional v. 3.2 (2015) Build: 3.2.0.0 - project file: Z:\MKR\Yaris Bumper FE_VCSves o )

File Edit View Help
Bl - @Q0O0

D P Lk

QR DDD00@ OJO0R[x& AR

0 ¢ 00 QI
B2 TAALN QAT 2EN LIV

EX % @ BEE +¢ K

SuperJoirts
3] Rigid Bodes
& Honeycomb bamers

3] Charactenstics
Reports

[+ Cortact Pars
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Optmization Projects

) Sohsion Explorer [ |54 Search | & Layen |

4 Other

& |Saved: Yans Bumper FE_VCS.vcs
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d state: New Folder Def
ed: Yaris Bumper FE_VC

90.73kB
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Layer
Name

Name
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Node(s): 1 Beam(s): 0 Rigd E
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Comparison between

FE simulation and Macro Element simulation

Energy Balance FE vs. VCS

12.00

10.00

8.00

6.00

Energy
[kNm]
i
o
o

2.00
0.00
0
Time [ms]
— = = Kinetic Energy FE — = = Internal Energy FE
Total Energy FE Kinetic Energy VCS

Sum of VCS E. Series

Internal Energy VCS

Displacement [mm]
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Rail End Displacement (FE- section plane; VCS -

Node)
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Time [ms]

== == SIDE RAIL LHS X-centroid (ID20101)
= = SIDE RAIL RHS X-centroid (ID20102)

LHS Rail-Displacement

RHS Rail-Displacement

N
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Body in white — additional elements — Rigid Bodies

Engine, gearbox, intake manifold, water pump, alternator - Rigid Bodies

=4

=4
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Integration routine: StandardExplicit
Time units: Milliseconds
Time step: 0.0100
Total time steps: 5,000

Model consistency check.
Model consistency check complete.
Initialization of objects:
- Nodes
- Macro Elements
- Barriers
- Contact processor
- Reference (maximal) contact stiffness: 5.3759 E9 [N/m]
- Contact pairs
Initialization of objects complete.
Stability check/settings.
- Maximal time step (no added mass/inertia): 0.01026 [s*107-3]
Stability check/settings complete.
Processing main iteration loop.

Post-processing operations
Elapse time [s] : 74
Model consistency check.
Model consistency check complete.
Initialization of objects:
- Nodes
- Macro Elements
- Barriers
- Contact processor
- Reference (maximal) contact stiffness: 5.3759 E9 [N/m]
- Contact pairs
Initialization of objects complete.
Stability check/settings.
- Maximal time step (no added mass/inertia): 0.01026 [s*107-3]
Stability check/settings complete.
Processing main iteration loop.

Post-processing operations

VCS - Space Frames

o — | L
o on | Bo

Elapse time [s] : 33

3 Calculation time for this Assembly is 33 [s] !
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Comparison between VCS simulation and FE simulation

Results:

Acceleration vs. Time
Velocity vs. Time
Displacement vs. Time
Acceleration vs. Displacement

500 14
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Modeling of flat panels response

The shear panels increase vehicle’s body stiffness.
In VCS shear response is modelled by means of crossing super beam elements

Roof panel
response

Windscreen
response

Floor panel
response

~ Modified Hooke’s Law |
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Load case definition — Pole Side Impact

Technical regulation on Pole Side Impact

Source: GLOBAL NCAP (www.crashnetl.com); UNECE

Ay N visual crash studio w


http://www.crashnet1.com/

VCS - Full Crash Simulation — the SmartBatt project

Comparison between FE and Visual Crash
Studio models results for pole crash.
From the top:

< velocity [m/s] of node of lower B-pillar on
side opposite to impact;

acceleration [m/s”~2] of node of lower B-
pillar on side opposite to impact;

O

penetration [mm] measured between
lower parts of B-pillars.

W

All curves displayed as a function of time
[ms].

Results from finite elements on left,
results from macro elements on right

Velocity [m/s]

Acceleration [m/s"2]

Intrusion [mm]
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Load case definition — Front Impact

Example 1: Regulation No. 33

E/ECE/324 JRev.1/Add.32/Rev.1
E/ECE/TRANS/505)

Regulation Ne. 33

page 26

Annex 4

FRONTAL-IMPACT TEST AGAINST A BARRIER*

Source: GLOBAL NCAP
(https://www.youtube.com/watch?v=En2X4V3LPt4 ;

www.crashnetl.com); UNECE
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https://www.youtube.com/watch?v=En2X4V3LPt4
https://www.youtube.com/watch?v=En2X4V3LPt4
http://www.crashnet1.com/

Body in white — Toyota Camry
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