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THIN-WALLED CROSS SECTION EDITOR

The Cross Section Editor is used to design, calculate and optimize thin-walled cross sections for
best crash performances. Cross-Sections processed by the Cross Section Editor are then used to

build 3D prismatic and tapered Super Beams.

MAIN TOOLBAR

N\
TOOL SETTINGS WINDOW

Cross Section Editor - 2-Double hat & diaphragm -0 x
Special  Background  View  Export
O « Phte T sporweld | T, 4 plate Merge Points (3 Scale ) Mirror  1E) Position
Eul
o ws — g8
i Segment 7 Segment CutPlates T CutRectangle ¥ Simplify
Selection | Create 9 Move 9 X g P Calculate
Tool Point & Connect Points Paint 21 Spot-Weld | 3£ Divide Plate @ Rotate g Remove
Select Create Move Edit Calculats ~
28 a2 31 ‘j
~ 1.Properties
Mrea 310 frm"2)
21 Material 1- Material
Referencelength Calculation not complete
Specifichlass 24459 kg/m]
ummary OfCr
Thickness 1
> 2Resulls
. > 3.Misc
> (4 Advanced
v Other
Comment
o i Sl § s 498115100 -becolc 71014705
Layer Defauit
Name 2 Double hat & diaphragm
-7
11 4 Advanced
-4 20 (] 20 4 A
x=23.54 y=-263 / \ i
vial Crushing | Bending | Torsion | Lateral Crushing | Denting | Al (Basic) I \
Tool Settings (2D): Selection Tool
7oy | [ Select
"~ | /¥ Peints 2D W Plates [ Segments [ SFEs ¥ Comnections

PROPERTIES WINDOW

poINT —— (), /

According to the Macro Element Method VCS software
enables the creation of a simplified thin-walled cross
section model build of Plates and Segments based on
Points.

Each plate of across section can be defined with
different material and thickness.

All Cross Sections created in VCS consist of :

« Points

» Plates — created by connecting two Points
e Segments - build of Plates

* Super Folding Elements and possibly

» Connections

All elements of the Cross Sections are automatically
catalogued in appropriate folders in the Solution Explorer

B[] Solution

= [ Thin-Walled Cross Sections
&[] 0-Circular
=N M| 1-Rectangle
[ Seaments
[10-Segment
-[]0Plate

-[] 1-Plate

[ 2-Plate

] 3-Plate

O Pairts

[ Connections

- [ Super Folding Elements
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SUPER FOLDING ELEMENT — THEORETICAL BACKGROUND

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.

In the picture a checkerboard of Super Folding
Elements in a spot welded hexagonal column is
visualized. This illustrates the discretization
procedure by using SFE’s.

Please note the enlarged SFE which demonstrates the ‘macro-size’ of a SFE compared to the
standard FE mesh.

A set of SFEs located between 2 horizontal plates defines a one deformable cell. A deformable cell
creates a single layer of plastic folds in a progressively crushed prismatic column. The number of
SFE in a Deformable Cell corresponds to the number of corners of the column.

The cross-sectional dimensions of a SE shown in
picture on bottom of the slide. The initial
geometry of a SE is defined by four parameters:
1. total length, C, of two arms of a SE,
C=a+b,

2. central angle, ®

3. wall thickness t, of the arm of the length a

4. wall thickness t, of the arm of the length b.

Those parameters are crucial especially in case of
design of Cross Section for axial crushing.

More information about the Super Folding Element and the Macro Element theory can be found on
www.impactdesign.pl

CROSS SECTION MODELLING — MACRO ELEMENT APPROACH

IMPORTANT NOTICE

When working in the Cross Section Editor it is important to follow the Macro Element Approach to
fulfil the requirements of a proper, simplified VCS 2D modelling.

According to the Macro Element Method the VCS software enables the creation of a simplified
cross section model build of plates and segments based on Points.
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CROSS SECTION MODELLING - MACRO ELEMENT APPROACH

In the picture on the right, you can see an
example of a Cross Section modelled in VCS.

Please note that each segment has been marked
in different colors.

A Macro Element model is a simplified model,
where details of the cross-sectional geometry
should be neglected.

The simplicity of cross section
modelling by means of macro
elements (in comparison to a FE
model) is illustrated in the picture
on the left.

R treatment

Real shape

The problem of radius modelling at the Cross
Section level is related to the definition of Super - Ignore comer
Folding Element (SFE) and corresponding modelling
methodology (quite different then in FE programs).

Please note that SFE models crushing behavior of
the entire corner area in a prismatic member.
Consequently, the cross-section details smaller than
dimensions (a, b) of the SFE cannot be effectively
modelled using this methodology.

In particular, the small corner radii, r, are found to
have negligible impact onto energy absorption of
the cross section and are neglected in Visual Crash
Studio calculations.

The energy absorption in corner area can be significantly increased only for radii that guarantee
development of full plastic folds like in the case of circular or hexagonal column.

In the case of very small Super Folding Elements — dense discretization at Cross Sectional level,
CCC signals the modelling/design error.
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A new cross section can be defined in the Cross Section Editor window.

A NEW THIN-WALLED CROSS SECTION

The user can also use one of the pre-defined cross-sectional templates which will be described in
further sections of this Manual.

MModel

Calculate and Results Analysis

New cross sections are created in separate editor’s
window (Cross Section Editor).

In order to open a new Editor window, select an
appropriate option from the File menu

Wiew

Help

Thin-Walled Cross-Section

A new empty Cross Section Editor window will be now visible on the screen.

In the Solution Explorer tree separate folders are automatically created for each group of
cross-sectional elements (Points, Plates, Segments, etc.).

The properties of the cross section are displayed in the Properties window.

E-[] Selution
B[] Cross Sections

B[] Thin-Walled Cross Sections
B~ [] 0Circular

- [] 1-Rectangle

-- [] 2-Double hat & diaphragm

[ Super Folding Elements
- [] Solid Cross Sections

= Cross Section Editor - 3-Thin Walled Cross Section

m-0x

Material
ReferenceLengih

Specific|

Thickness Muitiple thicknesses
v 2 Resulls
» AxizlResponse Agial crushing data
»  Bendinghbec Whex fred principal axis)
3  BendingMyy Wyy (blue principal axis)
» DentingResponse Denting crushing data
> DesignRecommendations Design flaws and recommendations
» ElasticProperties Elastic response data
» LateralResponse Lateral crushing data
» TorsionResponse Torsion response data
v 3 Misc

CalculatedFlag False

Plates 0

Pao

A .

= Properties
> idy
> Other

SummaryOfCross SectionData

0frm"2]

Calculation not complete
Mass 0 kg/m]

SummaryOfCross SectionData

Tools |~ Special  Background  View  Export
3 0 " Plate T spot-weld | L1, 7 plate [ Merge Points (@) Scale ) Mirer ') Position )
v o = 0 - L
oy S it ) S t Cut Plats 1 Cut Rectangle ¥ Simplify
Selection | Create egmen Move % 07" P Cut Plates vrrecngle = omely Calculate
Tool Point & Connect Points Point 1 Spot-Weld | 3 Divide Plate &, Rotate g Remove
Select Create Move Edit Calculate "
E)
80 .‘%
3
60
30
9
0
-30
P Empty Cross Section Editor window. |
-850
-100 0 100
x=69.34 y=92.11

Cross Section Editor | Awial Crushing | Bending | Torsion | Lateral Crushing | Derting | All (Basic)

Tool Settings (2D): Selection Tool

@

@)

Select
’]7 Foints 20 [ Plastes |V Segments [¥ SFEs [ Connections

A thin-walled cross section is created by connecting 2D Points in the Cross Section Editor.

Points are created in the Cross Section Editor as separate objects and catalogued in the
corresponding Points folder in the Solution Explorer window.
The points can be then connected into Plates (side faces of the cross section).
A set of interconnected Plates defines a Segment.

There is no limit as to number of Plates that may originate from a single node. This allows for an
easy definition of all types of the extruded sections.

)
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THIN-WALLED CROSS SECTION - TIPS

Wrong /\/

Correct \/

1.Properiies 1.Properties
- All plates must have CircularTube False Crcularube False
assigned material | Material | | Lbtateria 2000165 (LS DY
ckness | Thickness 1.673
) 1_Properiies 1.Properties
- Thickness of plates CircularTube False CircularTube False
should be greater than Material 2000188 (LS ;
zero Thickness 0 || [Thickeess 1.673 |
2 Properties 2 _Properhes
- Modification of plates Direction\Vector (0 ED. 0 ED, O ED) DirectionVector (70711 E1, 70711 E
t return plate length End ©.0) End (10. 10)
must return p g Ctart {00 Start (0. 0}
greater than zero L icith 0 | [t 14.14213562373095 1]
\WidthEffective 0 WdthEfective 0

- Avoid reproducing
corner radius

- Avoid creation of too
many short plates
(number of Super Folding
Elements influences
calculation results)
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THIN-WALLED CROSS SECTION - TIPS

Wrong /\/

Correct \/

- Avoid creation of obtuse
and acute angle between
plates (refer to design
recommendations)

- Create possibly minimal
number of plates

\

|/

- Avoid plates’ intrusion

- Create spot-weld
connections if necessary
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I:l Create

Point

"Create Point” tool

After selecting the Create Point tool you can create points for a new cross section by clicking on

the 2D view of the Cross Section Editor.

O
Create
Point

Each new node will be
automatically catalogued in
the Points folder in the
Solution Explorer window.

Background  View  Export

# Plate T Spot-Weld | 2 Plate

(7 Segment (P Shape %7 Segment

ove

Selection .
Point <l Spot-Wel

Tool 5 Connect Points

Select Create Move

90

in Walled Cross Section -0 %
Merge Points (5) Scale ) Miror ') Position
888

X Cut Plates
Id | 3€ Divide Plate  @; Rotate
Edit

3 CutRectangle ¥ Simplify
9 P Caleulate

"% Remove

Calculate

After right click on the chosen
Point in the Solution Explorer

seniadol | >

window you can rename the
Point, remove it from the

30

solution or zoom the 2D view
to the selected object.

In the Properties window you

-30

can change the color of the
Point, its visibility on the 2D

view and its name. You can
also edit the Point’s
coordinates.

-100
x=-116.65 y=-91.89

0 100

Cross Section Editor | Axial Crushing | Bending | Torsion | Lateral Cushing | Denting |

Al (Basic) |

[ Tool Settings (2D): Create 2D Point Tool

(5 | ~Point20:
- X I-ED & |35 Add from text
Tool Settings (2D): Create Node Tool
Point 2D
x| Y| Add from text

Name: |Poirt (2D) - 11

Create |

You can enter the coordinates of a newly created Point in
the Tool Settings window.

After clicking on the “"Create” button the new point will be
visible in the 2D view.

You can also define the coordinates of a group of Points in
the Text editor.

After clicking on the “"Add Nodes From Text” option in the

Tool Settings window a text editor will appear.

In this window you can enter the required coordinates of

new Points.

The syntax is: one Point per line, x and y coordinates
separated by TAB. Next line - press 'Enter’

Add Points
10 10 =
12 5
34 0
e |
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7 Plate "Create Plate” tool

The Create Plate tool facilitates the procedure of creating new cross sections.

Cross Section Editer - 2-Thin Walled Cross Section -0 x
Tools Special Background View Export
i T -,,/’ Plate T spotweld | L, A piate [E Merge Points (@) Scale ) Mirror ') Position [==
D f Plate .—I SPDt'WE|d . ‘3 CD ' Segment ® S:ape MH 7 Segment | = Cutilates L Cut Rectangle ¥ Simplify c
= E?;f,';’” ::: £ Connect Points p;‘ﬁ AT Spot-Weld | 38 Divide Plate @z Rotate "% Remove el
Creste LZ._I Segment @l Shape Select Create Move Edit e |
Point f Connect Points :'ij
Create * / o
In its basic function the tool creates o /
a new Plate after clicking in two I \
locations in the Cross Section Editor y e -
2D view. \
Two Points defining the Plate will be i
automatically created and added to

the Solution Explorer window.

x=104.76 y=-46.27

-100 0

Cross Section Editor | Aial Crushing
ool Settings (20): Create Plats Tool

Bending | Torsion | Lateral Crushing | Derting | Al (Basic)

il

I~ LockY | Parallel togiven ¢ Orthogonal to given

—Options

Create:
™ LockX ’76 Arbitrary Plate ¢ Angled to given Enter Angle  [deg] ™ Start from existing point

I Fixed Length [mm]

Tool Settings (2D): Create Plate Tool

(5 Create:
Ly

Options:

[~ Lock X bitrary Plate  { Angled to given IEI'ftEF Angle  [deg] [~ Start from existing point

[T LockY | Parallel togiven & Orthogonal to given

[ Fixed Length I [mm]

The Create Plate tool has several additional functionalities

CREATE PARALLEL AND ORTHOGONAL PLATES

il

-l

n%@) Create:
" Arbitrary Plate " Angled to given

arallel to given  Orthogonal to given

IErrler Angle  [deq]

1) After clicking on the Create Plate icon select the “Parallel Plate to given” option in the Tool

Settings window.

2) Select one Plate from the already existing cross section. The chosen plate will by marked in

the 2D view by a black dot located in its center.

3) Now click in a required location in the Cross Section Editor and define the coordinates of the
first Point of the new Plate. After clicking in the second location a Plate parallel to the chosen

one will be generated.
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7 Plate "Create Plate” tool

RO L A

= Create:
" Arbitrary Plate ¢ Angled to given IErrtE!r Angle  [deg]
™ Parallel to given@]rﬂ'mgnnal to given

Similar procedure enables the User to easily define Plate orthogonal to a previously selected
one.

In this case after selecting the Create Plate tool select the “"Orthogonal Plate to given” option in
the Tool Settings window.

Select one element of the Cross Section to which the newly created Plate will be orthogonal and
then define coordinates of the new Plate.

CREATE PLATE OF A DEFINED LENGTH

Using the Create Plate tool the User has the possibility to create a new Plate with a defined
length.

—Options: p 30
[” Start from existing point

¥ Fixed LEE”I @ [mm] )

After clicking on the Create Plate
icon select the “Fixed Length”
option in the Tool Settings window.

In the Fixed Length window define
the requested length of the new
Plate.

Now click in a required location in the Cross Section Editor and define the coordinates of the first
Point of the new Plate.

After clicking in the second location a Plate of the previously defined length will be generated

Page| 12
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7 Plate "Create Plate” tool

CREATE PLATE FROM AN ALREADY EXISTING POINT

In the Cross Section Editor the User has the possibility to create a new Plate starting from a

Point already existing in the 2D view.

[¥ Start from existing point

I™ Fixed Length |

[mm]

After clicking on the Create Plate icon select the “"Start from existing point” option in the Tool

Settings window.

Select one Point on the 2D view or using the Solution Explorer window.

The new Plate will be created basing on this chosen Point.

Now click in a required location in the Cross Section Editor and define the coordinates of the

second Point of the new Plate

CREATE VERTICAL AND HORIZONTAL PLATES

After selecting the Create Plate tool
click on the Cross Section Editor 2D
view to determine the coordinates of
the first Point of the new Plate.

Keeping the Shift button pressed
choose the location of the second
Point. A vertical new Plate will be
automatically created.

Similarly, after clicking in the 2D view
keeping the Ctrl button pressed you
will automatically create a horizontal
Plate.

Shift

Ctrl

™ Lock X Additionally, you can create a Plate along the X or Y axis.

™ LockY In order to block one of the axis of the Cross Section Editor select the
"Lock X” or “"Lock Y” option in the Tool Settings window
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EZ: Segment

"Create Segment” tool

You can create Plates and Segments using the Create Segment tool.

After clicking on the editor 2D view you will create Points and Plates connecting them. In result

you can easily create a Segment.

i Cross Section Editer - 13-Thin Walled Cross Section -0 =
Teols Special Background View Export
?'{“"-S 0 " Plate T Spot-Weld D_ 4 o Plate Merge Points (D) Scale 40 Mirrer D) Pasition =
W -~ — 888
; @] Shape CZ;‘ Segment OB Cut Plates T3 Cut Rectangle % Simplify
Selection | Create — Move _ Calculate
Tool Point . Connect Points Point 21 Spot-Weld | 3 Divide Plates @ Rotate "% Remove
Select Create Move Edit Calculate ”~
o
a0 ]
o
- =176 64mm - B.9°
: E\\
0 \
-60 u’-”’_’_,.a—__,_...--'-"""
-840
-100 o 100

x=83.29 y=74.59

Cross Section Editor IMaI Crushing I Bending I Torsion I Lateral Crushing I Derting I All {Easic}l

Tool Settings (20): Create Segmant Tool

(-33 Constraints: ——— | [ Support Axis:
R Angle: |5 ¥ Vertical / Horizontal
[~ Length: |5D [ Orthogonal / Parallel

After creating new Point the auxiliary line is made and followed the cursor to show the future
Plate. Also the length of Plate and the angle from the horizontal position are displayed as

presented in the picture above.

To facilitate

creating

Segment, the Vool Seftings (2D): Create Segmant Tool

C?”Stra’g/t angle (@ |[ Constraints: Support Axis: — )
step and/or 'y

conitrained [~ Angle: |5 V¥ Vertical / Horizontal
length can be . IE-D—

defined. ‘l- Length: | [~ Orthogenal / Parallel )

USEFUL TIPS

Additional
support axis
can be added.
User can

choose Vertical/
Horizontal or
Orthogonal/
Parallel support
axis.

1. After moving the cursor over an existing point, when a circle appears, an existing point can
be selected as the next point of the Segment. In this way closed cross-section can be made.
2. Double right mouse click or ESC button from keyboard enable to stop drawing the current

Segment and start the new one.
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75 Segment "Create Segment” tool

After moving the cursor over an existing point, when a grey circle appears, an existing point
can be selected as the next point of the cross-section.

fﬁg, 8 :\
E-}Bmm 738
Constraints

To facilitate creating Segment the constraints can be defined.

Select Length checkbox and
enter the value into textbox to
create Plates with requested
length.

Select Angle checkbox and
enter the value into textbox to
create Plates with angle step
rounded to requested one.

|Tud Settings (20): Create Segmant Toal

(%
s

Sy

Constraints:

v Angle: |9|] [~ Vertical / Horizontal

v Length: |5‘|] [~ Orthogonal / Parallel

—\ Support fotis:

N

Constrained values are displayed in green color. Current cursor position is displayed in the gray
color as presented in the pictures below.

s~ N ‘]}
I/ \
Please note that | "!‘.‘“y ______ B % o 102.02mm ; 55.3
the rounding is \\ e : L
always with R = i : s
respect to the %Huqnd..??[]“ - 50 mm : K
horizontal : 1'\._. ;' AN
position. : B7.29mm ; 298.3° ’ \\
x T~ —_— Yy .
Loy’ Round:90° ; 50 mm
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75 Segment "Create Segment” tool

Support Axis — Vertical / Horizontal

The function enables creating a vertical or horizontal support axis from indicated Point and set
the new Point on selected support axis.

Tool Settings (20): Create Segmant Tool

To create vertical or horizontal support axis . .
follow the steps: i @ | [ Constraints: Support Axis:

1. Select Vertical / Horizontal axis checkbox I ange: [5 [|7 Vertical / Herizantz| ]
2. Indicate the point based on which the support ™ Length: |5ﬂ [~ Orthogonal / Parallel
axes will be created (hover over the point, don't

click)

3. Select Horizontal or Vertical axis by mouse click. Please note that the Horizontal axis is marked
in red and the Vertical axis is marked in green.

4. The new Point to be created, follows selected axis (during moving cursor its position is
projected on the axis)

5. Clicking the mouse will lead to the creation of a new Plate.

.......................... SOOPPRIEN 'S VS

29.6mm..219
; L} 9 419mm ; 280°
b :
H Horizontal

Support Axis — Orthogonal / Parallel

The function enables creating an orthogonal or parallel support axis based on an indicated Plate
and setting a Point on a selected support axis.

To create orthogonal or parallel support axis |Tml Settings (2D): Create Segmant Tool

follow the steps: (3 |~ Constraints: ——| [~ Support Axis:

1. Select Orthogonal / Parallel axis checkbox Tl ange B I~ Vertical / Horizontal
2. Indicate the Plate the basis of which the [ Length: [50 [ Orthogonal / Parallel ]

support axes will be created (hover over the plate,
don't click).

The green dashed line and the text box with the
name of detected Plate appears in the 2D window.

3. Select Orthogonal or Parallel axis. Please note that the Parallel axis is marked in red and the
Orthogonal axis is marked in green.
4. The point to be created follow selected axis (during moving cursor its position is projected on

the axis)
i 5. Clickina the mouse will lead to the, creation of a new Plate

Detected Plate: 1-Plate

e

i -
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£ Connect Points “"Connect Points” tool

After selecting the Connect Points tool you can create a Plate between two selected Points.

S e, o
Tools Special Background View Export
T{"“*3 O f Plate : Spot-Weld D‘d Dd Plate Merge Points @ Scale 'D Mirror 1) Position lg?lg'
W —
Z Segment CEI Shape ?_73‘ Segment )E( CutPlates T3 CutRectangle 7 Simplify
Selection | Create Move _ Calculate
Tool Point Boint 2L Spot-Weld | € Divide Plate Qc Rotate "% Remove
Select Create Move Edit Calculate ”~
o
50 ]
-1
z
. I
30
0
_:m -/
=) B [m] o
-60
-80
-100 0 100
x=50.7 y=71.83
Cross Section Editor | Axial Crushing | Bending | Torsion | Lateral Crushing | Denting | All (Basic) |
Tool Settings (2D): Connect Points Tool
@

You can connect number of Points and by doing so create a Segment.

Each Plate as well as number of connected Plates will be automatically catalogued in the
Segments folder in the Solution Explorer window.
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1 Spot-Weld "Spot-Weld” tool

In order to guaranty the deformation transfer, connections need to be added to the cross-
sectional model. Connections force connected element to fold in compatible manner regardless
of the type of physical connection.

To create a Connection, e s el =Gl
P Tools  Special  Background  View  Export
select the ,,SpOt- Weld” tool. T O o Plate Dﬂ o Plate [ Merge Points @ Scale ) Miror ) Pasition
Se‘;ctim crene 1 Segment (D] Shape M;VE 7l Segment | E( CutPlates Tl CutRectangle & Simplify Cal'::"’ate
A Spot We/d iS deﬁned by Tool point & Connect Points Boint 31 Spot-Weld | 3€ Divide Plate L, Rotate "% Remove
Select Creste Mave Edit Calculate
clicking in turn on two Plates o

sanedoyy | >

to be connected.

W T

; pd AN

r B

To create a Spot-Weld you
need to select a master plate e
which corresponds to the first
selected plate and a slave
plate which is selected as a
second plate.

\
/\\\\
b

A default position of a spot \
weld is automatically defined N >
in the center of master plate o x ‘
. . x=-63.64 y=-4.85 &
(the flrSt Connec.tl.on end) CrcssSed\:; Editor | Azl Crushing | Bending | Torsion | Lateral Crushing | Denting | All (Basic)
Second end position is Tool Setings (D). Crete Coreecion To

162}

perpendicular to the slave v

plate.
yd 7

« 2) Select the SLAVE

plate
€ 1) Select the MASTER
plate | - a 3) NEW SPOT-WELD
connection

Creation of a connection between three Master Plate '

plates consists of two Spot Weld X
elements. In that case the selection order
of master plate and slave plate is
important.

Slave Plate |

Master Plate |
Select the outer plate, subsequently the
plate lying in the middle. Do the same for
second Spot Weld element.

Leading Flange |
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(B Shape "Shape” tool

Shape tool enables easy creation of new polygonal, rectangular or circular cross sections directly
in the Cross Section Editor.

R roscton stor i Wl o o

Tools Special Background View Export
*\:"“?) 0 " 1 Spot-Weld D_J, o @ ) D Position —J
P 4 G K 0¥ i
. 3 2 ut Plates T30 %
Selection | Create 1_'_\_' = Mave II'_ o ) Calculate
Tool Point &/ Point 2L ?@’ Divide Plates q"-'-' ¥
Select Create Move Edit Calculate ~
=k
30 X x

/ \

-30
First point
m x
-60
Wall Length: 49.309198472188 % d
-120 -60 1}

x=-40.24 y=-60.27
Cross Section Editor | Axial Crushing | Bending | Torsion | Lateral Crushing | Derting | All (Basic) |
Tool Settings (20): Create Shape Toal

{7} | @ Regular Polygon [ Length or Radius: |50 H: |50
" Circular Number of corners: I'E vl
" Rectangle

To create cross-section with specific shape, follow the steps:
Select shape (Regular Polygon / Circular / Rectangular)
Set the first point of the cross-section

Define the side length

Set second point to create the cross-section

RN &

The side length can be defined by mouse move, or the specific value can be set in the Tool
Settings Window.

The future Points are marked by blue X as it is illustrated in the picture above.
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(_J‘.'ﬂ Shape

"Shape” tool

REGULAR POLYGON

This option enables to create regular polygon with selected number of corners: 4, 6, 8 corners.

Number of corners
can be selected
from drop-down list.

The Wall Length
defined by following
cursor movement can
be previewed in the real
time in the 2D view
window.

The user has the
possibility to set
specific Wall Length
by selecting check-box
and entering value in
the textbox.

After that, the polygon
stops responding to the
mouse move. To
return, deselect
"Length or Radius”
check-box.

|Tud Seltings (2D): Create Shape Tool

{7} || ® Regular Polygon [~ Length or Radius: |5‘|] H: |E-I]I
" Circular Mumber of corners: j
C YY),
® x —ED
30 E
=
0
x x
-30
J Wall Length: 51.9153175364004| ¥ T
=18t 120 -60 :
R
[=]
30 x E
=
0
x x
-30
] x
_ggWall Length: 50 m

-120
x=-18.89 y:-ﬁ-ﬂ-.%

-60

Cross Section Editor I.Puial Crushing I Bending I Torsion I Lateral Crushing | Denting I Al {Easic]l

Tool Settings (20): Create Shape Tool

{7} | % Regular Polygon

¥ Length or Radius:

|50

H: |50

™ Circular

i~ Rectangle

MNumber of corners: IE

=)
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(B Shape "Shape” tool

CIRCULAR SECTION

This option enables to create circular cross-section in easy way.

Important notice

In VCS the circular cross-section must occur alone. It cannot contain any additional Plates.

T CromSectonor- 3Tl s Scon - o x
The Radi Tecls Special Background View Export
e Radius
defined by T\"‘ﬁ [] « 1 Spot-Weld Dﬂ oa
following e 7 ~ Bm
. Shaj o
cursor Selection | Create L:: ©1 Shape Move "_’j Edit Calculate
movement Toal Point Point 2L | ~ -
can be Select Create Move A
previewed in
the 2D view o
. . 30 =
window in T
the real time. ot =k

First point

10 m
N

Radius: 40.6541366577148
T ;1 36

x=45.01 y=8.16
Cross Section Editor | Awial Crushing | Bending | Torsion | Lateral Crushing | Derting | All (Basic) |
Tool Settings (20): Create Shape Tool

{E} " Regular Polygon [ Length or Radius: |5'|]' H: |5'I]I
@ Circular Mumber of corners: m
" Rectangle

The user has the i

possibility to set specific | Tqg| Settings (2D): Create Shape Tool
Radius by selecting

check-box and entering (%} | © Regular Polygon | ¥ Length or Radius: Iﬂﬂ H: |5'|]'
value in the textbox. @& Circular Number of comers: I r E
After that, the section " Rectangle

stops responding to the :
mouse move. To return,

deselect "Length or

Radius” check-box.

Page| 21

.
ﬁ SAVARS visual crash studio M




(_J‘.'ﬂ Shape

"Shape” tool

RECTANGULAR SECTION

This option enables to create rectangular cross-section in easy way.

The Height and
Width defined by
following cursor
movement can be
previewed in the
2D view window in
the real time

The user has the
possibility to set
specific Height
and Width by
selecting check-
box and entering
value in the
textbox.

After that, the
section stops
responding to the
mouse move. To
return, deselect
“"Length or
Radius” check-
box.

X
30 T}E i
e N
20
15 ' i
1. First point ]
5
¥ ) X B
E a
Height 29.02011802253723
L
o width: 21.0741782138416
o 18 36 54

x=22.96 y=31.75

Cross Section Editar I.Puial Crushing I Bending I Tarsion I Lateral Crushing I Denting I All I:Easic}l

Tool Settings (20): Create Shape Tool

=
Fe
@2

™ Regular Polygon [ Length or Radius: |5‘|]'

i~ Circular

¥ Rectangle

Mumber of corners: I-l - I

H: |5'|]'

Tool Settings (20): Create Shape Tool

—
ey
(2

" Regular Polygon

[V Length or Radius: |50

™ Circular
{* Rectangle

Number of corners: I-l
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THIN-WALLED CROSS SECTION TEMPLATES

After the commands sequence: File — New — Cross Section Templates a new window
named New Thin-Walled Cross Section Wizard will appear on the screen.

Model Calculate and Results Analysis View Help
New cross sections are created in separate editor’s
window (Cross Section Editor).
In order to open a new Editor window, select an
i H i C -Section T lat:
appropriate option from the File menu ross-section Templates .
Mew Thin Walled Cross Section Wizard - O >
—Cross Section Types :
RECTANGLE v 1.Matenals [mm]
RECTAMNGLE - single hat ; _ i
RECTANGLE - double hat Material 1 ‘”a |' Material <
RECTNAGLE - double hat & diaphragm Material2 ===
HEXAGON - double hat & diaphragm W Material3
HEXAGON - single hat Y v 2 Dimensions [mm]
HEXAGON - double hat ‘f1 J T f2 a 30
HEXAGOM - & A fl 15
CELLULAR - double cel & h
CELLULAR -tripple cell ] f2 15
CircularSection ——_ S ~ 3. Thicknesses [mm]
t1 1
\ 12 1
Material 2 '. = !
Material 3
a >
Cancel | Create
In this window you can select one of the 11 types of a modeled Cross Section:
- Rectangle Cross Sections
- Hexagon Cross Sections
- Cellular Cross Sections
- Circular Section
- In the middle section of the Wizard window you can see the drawing of the Cross
Section you have selected.
- In the right section of the Wizard window you can find the Properties of the selected
Cross Section.
« In the Properties Section you can edit the Dimensions and Thickness of each segment
of the Cross Section.
« You can also select and assign a Material to each of the Cross Section’s Segments.
Page| 23
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EDITING TOOLS OF THE CROSS SECTION EDITOR

Tools | Special Background View Export
hif‘ I ,_/-| Plate : Spot-Weld D_ A ,_/,] Plate Merge Points (D) Scale (',l Mirror L) Position —
" £ L cog
) [Zj Segment @ Shape [7;; Segment B Cut Plates 1 Cut Rectangle % Simplify ==
Selection Create . Mowve X Calculate
Tool Point k. Connect Points Point 2L Spot-Weld | € Divide Plates @ Rotate "% Remove
Select Create Move Edit Calculate "~

Every Cross Section can be modified at any time. Number of edit tools are available which
will enable you to:

- Easily select objects — Selection tool

- Move elements of a Cross Section

- Merge Points

- Cut Plates

- Divide Plata

- Scale elements of a cross section

- Crop a cross section — Cut Rectangle tool

- Rotate Segments

- Mirror

- Optimize flat elements - Simplify tool

- Remove not connected points — Remove tool
- Optimize Spot-weld Position - Position tool

You can also change the position of each Cross Section’s Element by entering the
coordinates in the element’s Properties window. You can select the element you wish to
edit by clicking on it in the Solution Explorer tree or on the Cross Section Editor 2D view.

Note that in the Properties window you can assign a Material to each segment or Plate of
the Cross Section.

Also note that in the Properties window you can edit the thickness of each Cross Section
Plate.

Teols Special Background
— _-:I._- - _':_\._: -
— J]- . ‘]]' ’.‘;\___/J

Add to Select All Copy
Repository Beams  Properties
Special

In the “"Special” section of the Cross Section Editor main toolbar you will find additional
tools useful during the modeling process:

- Ass to Repository tool
- Select all beams with the currently opened cross section
- Copy Properties tool
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e Selection

S T "Selection” tool

"Selection” tool allows you to select any part of the cross section visible in the 2D view.
You can click on a chosen object or you can use the area selection option.

The Area Se/eCtion Teols Special Background View ap:’“mm"@"e"@“ﬂ”‘m —
functionality facilitates the R 0O o Plate T Sporeld | Ly A plate [E Merge Points (@) Scale O Minor 1D Position | [
procedure of selecting several Seection | crese 70 ST @iShape | O Segment | X CutPlater 13 CutRectangle 7 Sy Coeote
e/ements ofa CI‘OSS Section 5T| | Point &9 CDHHEC(U:'DIH(S Paint )ilSth'Weld 3E Divide Plate  @ar RDbatEEd "% Remove o
elect reate ove it alculate A
simultaneously. s St 1 F;
i AREA SELECT B i
Please note that only elements : - /-“V i \
which are located completely N ] / ! \
within the selected range will a ; / E
be marked using the Area ) i ( ! \
Selection functionality. ] \ '
7 1
I 1
P\ i
] | Y
| ! l
! !
T o s e e s e e e e e e e o
x=-68.71 ,:;os - ’ ” E
- : ing | Al (Basic)
'I;:Sem:jm Selection Tool
I Puints 2D [ Flates [ Segments [ SFEs [~ Connections
{
Tool Settings (2D): Selection Tool EXAMPLE: Select only Plates
f‘?}‘ Select: .
I~ Points 2D (¥ Plates) |~ Segments [~ SFEs | Connections 1) Click on the “Plates” check
box in the Tool Settings
| wion || anoFF | window

2) Use area selection option to
select number of elements in
the 2D view

3) Result: Only Plates will be
selected (marked in orange
color)

Please note that only elements
which are located completely
within the selected range will be
marked

o]

Only Plates will be
selected in the 2D view
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L1, Move "Move Point” tool

£1  Point

Every Cross Section can be modified at any time.
The ,Move Point” tool enables the user to move any selected Point of the Cross Section in the
Editor’s 2D view ("click and drag” tool).

Tools Special Background View Export
T‘:@ 0 ,_/-I Plate : Spot-Weld Dd ,_/,; Plate Merge Points @ Scale ‘D Mirror ) Position lﬁ'
Sel;‘c;iun Craste z Segment @ Shape N [Z;‘ Segment )E( CutPlates T Cut Rectangle © Simplify Caleulste
Tool Point ,\_:_" Connect Points Point Iﬂ Spot-Weld | 3 Divide Plates @L.- Rotate g Remove
Select Create Move Edit Calculate

saladoly | ¥

-40 i—ZO o iZill 40
x=-453 y=-17.25 d1=17.25 d2=40 ang=90 |
Cross Section Editor | Axial Crushing | Bending | Torsion | Lateral Crushing | Denting | All (Basic) |

Tool Settings (20): Move Dbject Tool

Move: Constraints: ———————— ]
D xsmpmrp veweer i [ v | e F
[~ Length: |5n

[~ Move Xenly [~ Move Y only

You can also change the position of each Cross Section’s Point
by entering its shift coordinates in Tool Settings window.

Tool Settings (20): Move Object Tool

,.-‘?x. (| Maowe: A Constraints:
L ’7}(Sliﬁ[rrm]: o Y Shift [mm: [0 ) Fage
[~ Move X only [~ Move Y only ] I Length: [50 y

You can change the position
of point with constraint
angle’s step and/or length
from the reference location
of the point.

You can restrict the element’s movement to
one axis of the Cross Section Editor window
("Move X only” or "Move Y only” option).
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Ly Nove "Move Point” tool

After dragging the Point, the auxiliary line with the information about the length and angle
from reference Point position is displayed as shown on the picture below.
* The angle value is measured with respect to the horizontal position.

Reference
Point position

Above the Tool Setting window there is also information about the length of the plates
belonging to the selected point and the angle between them (picture below)

x=-27.78 y=-20.28|d1=88.09 d2=49.84 ang=113.75|

Cross Section Editor | Axial Crushing | Bending | Torsion | Lateral Crushing | Derting | Al (Basic) |
' Tool Settings (2D): Move Object Tool

After defining constraints of the
angle step and/or length, the
auxiliary line and information
about constrained length and
rounded angle values are mark in
green color as presented on the
picture below.

* The values resulting from the
mouse position is highlighted in
gray color.

Constraints:
v Angle: |5
v Length: I5— """""

Round:ﬂ“;Smm - | |

.
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o Plate "Move Plate” tool

Every Cross Section can be modified at any time.

The ,Move Plate” tool enables the user to move any selected Plate of the Cross Section in

the Editor’s 2D view ("click and drag” tool).

B-0 %
Tools Special Background View Export
Y& O « Plate T Spot-Weld | UJ ) Merge Points () Scale 4 Mirror ) Position Iﬁ
:21 Segment @ Shape EZ:: Segment )( Cut Plates 3 Cut Rectangle E Simplify
Selection | Create Move Calculate
Tool Point r;j Connect Points Point 2L Spot-Weld 3€ Divide Plates @ Rotate "% Remove
Select | Create Move Edit Calculate ~
| {
16 g
8
0
-8
-16
£
-32
79.39mm ; 71.2¢
-40
-60 -30 0 30 60
x=3.31 y=-32.95
Cross Section Editor | Axial Crushing | Bending | Torsion | Lateral Crushing | Denting | Al (Basic) |
‘0ol Settings (2D): Move Object Tool
@ Move: Constraints: —————
& Irxgiﬁlmm]: ID Y Shift [mm]: IO Apply ‘ ’/r Angle: |5
™ Move Xonly I~ Move Y only I Length: [50

You can also change the position of each Cross Section’s Plate
by entering its shift coordinates in Tool Settings window.

Tool Settings (20): Move Object Tool

e N

Mawve:
@ ’7x5ﬁﬂ fmmi: [0 ¥ Shift [mmi: [0

™ Move X only [ Move Y only ]

Constraints:

[T Angle: |5
[T Length: |511 )

You can restrict the element’s movement to one
axis of the Cross Section Editor window ("Move X
only” or "Move Y only” option).

You can change the position
of plate with constraints
angle step and/or length
from the reference location
of the plate.
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o Plate "Move Plate” tool

After dragging the Plate, the auxiliary line with the information about the length and angle
from mouse click position is displayed as shown on the picture below.
* The angle value is measured with respect to the horizontal position.

o -
C- A
;9.39mm ;. 71.2° \
Mouse click :

position * ____________ 1.

After defining constraints of the angle step and/or length the auxiliary line and information

about constrained length and rounded angle values are mark in green color as presented on
the picture below.

* The values resulting from the mouse position is highlighted in gray color.

N\
\ yd

5 o Constraints:
',-""“ 2 Angle: |5
|.R0un :60°; 10 mm | IF Lﬂuﬂ-': IHJ
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Ef; Segment

"Move Segment” tool

Every Cross Section can be modified at any time.
The ,Move Segment” tool enables the user to move any selected Segment of the Cross Section

in the Editor’s 2D view (“click and drag” tool).

Tools Special Background View Export
T“‘* I I_/—I Plate : Spot-Weld D. 4 £ Plate Merge Points @ Scale ‘LJ Mirror T} Position )
~ s t © sh q " Cut Plat 11 CutRectangle ¥ Simpli L
Selection | Create L: =omen =pe Movd I_ﬂ Segmen e 3+ Cut Rectangle . Simplify Calculate
Tool Point f Connect Points Point 2L Spot-Weld | 3 Divide Plates @ Rotate "% Remove
Select Create Mowve Edit Calculate -~
:‘EI
o g
/ TN _
60 \\n
30
0
= ﬁi,'.?— {'%? aQ =)
ﬁ E51 7.4Grgm ; 83.7°
50 a
: I
-80
200 -100 0 100 /
x=-4.82 y=-31.57
Cross Section Editor | Awial Crushing | Bending | Torsion | Lateral Crushing | Denting | All (Basic) |
Tool Settings (2D): Move Object Tool
& ’7)(31'& fmm]: [0 Y Shift [mm]: [0 | ’]_ P
™ Move Xonly [~ Move Y only I Lengh: [50
You can also change the position of each Cross Section’s
Segment by entering its shift coordinates in Tool Settings
window.
Tool Settings (20): Move Object Tool
@ " —Move: - (~Constraints:
- ’7}(Sﬁﬁ fmml: [0 Y Shift fmm]: [0 roange B
A

[~ Move X only

[T Move Y only ]

[T Length: |5‘|] )

You can restrict the element’s movement to one
axis of the Cross Section Editor window (“"Move X
only” or "Move Y only” option).

You can change the position
of segment with constraints
angle step and/or length
from the reference location
of the segment.
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Ef; Segment

"Move Segment” tool

After dragging the Plate, the auxiliary line with the information about the length and angle

from mouse click position is displayed as shown on the picture below.
* The angle value is measured with respect to the horizontal position.

N

7

a

Mouse click
position

{ AGrgm ; 83.7° \

XS

After defining constraints of the angle step and/or length the auxiliary line and information

about constrained length and rounded angle values are mark in green color as presented on

the picture below.
* The values resulting from the mouse position is highlighted in gray color.

s

—n

Constraints:

¥ Angle: |5
v Length: IE'D

‘- e 4%’ o
. X8 St B

. |

o | Round:85% ; 20 mm
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Al Spot-Weld

"Move Spot-Weld” tool

Every Cross Section can be modified at any time.
The ,,Move Spot-Weld” tool enables the user to move any selected connection between segments

of the Cross Section in the Editor’s 2D view ("click and drag” tool).

Tocls Special Background View Export
'i“‘*& O f Plate j Spot-Weld D—L\j I/j Plate Merge Points (T) Scale 'D Mirror  IZ) Position ﬁ
W —
. 75 Segment (B1 Shape 7\ Segment | . CutPlates 3 CutRectangle ¥ Simplify
Selection | Create Moverm— 1 Calculate
Tool Point 55 Connect Points Poingd £L Spot-Weld é’é Divide Plate @L Rotate \‘@ Remove
Select Create Mowve I Edit Calculate ~
42 T
El
E
5 2
28 / \

o

21

i4

A 4

-7

l
\

\
|

-i4

-60
x=-30.06 y=-0.23

-30

0

Cross Section Editor | Aial Crushing | Bending | Torsion | Lateral Crushing | Denting | Al (Basic) |

Tool Settings (2D): Move Connection Tool

@

Please note that a Spot-Weld cnnection can be moved only along its master ans slave plates
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Merge Points "Merge Points” tool

After selecting the Merge Points tool click on the Points to be merged.

The first selected Point will be the “"master” point.
The second Point will be the “slave” point

Notice that the second Point will be "moved” to the position of the first Point.

A e weo

Teols Special Background View Export

\‘~5 0 " Plate 1 spot-weld | L L A Plate [E Merge Points [T) Scale q[) Mirror ') Position lﬁ?lﬂi
e,
. Z Segment (P Shape Z Segment )E( Cut Plates T3 CutRectangle ¥ Simplify
Selection | Create _ Move Calculate
Tool Point 53 Connect Points Point 2L Spot-Weld | 36 Divide Plate &L; Rotate g Remove
Select Create Move Edit Calculate

42

2 / \
n ©), o

B “
-14

-60 30 [}

x=60.03 y=42.68

Cross Section Editor | Axial Crushing | Bending | Torsion | Lateral Cushi' g Denting | All (Basic) |

Tool Setti

i
N
sapadol | >

]

Master Point Name: Point (2D)
X:-28.1847819770669
¥: 28 5617058518615

The information about >
Name and position of

indicated Master Point
can be found in the Tool
Settings window.
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= Cut Plates "Cut Plates” tool

In the Cross Section Editor the user has the possibility to cut two Plates of an existing Cross

Section.
Toels Special Background View Export
'{"“‘3 0 D}' Plate : Spot-Weld D-}j nﬁ Plate Merge Points @ Scale 'D Mirror L) Positicn ﬁﬂﬂ
W, —
. Z Segment @ Shape ZZ? Segment )( Cut Plates| T2 CutRectangle ¥ Simplify
Selection | Create Move _ Calculate
Tool Paint é,__? Connect Points Point 21 Spot-Weld | 3 Divide Plates @L.- Rotate “#» Remaove
Select Create Move Edit Calculate A~

If you will select two intersecting Plates, you will receive as a result of the Cut Plate operation
four new Plates, as it is illustrated in the pictures below. All four Plates will share a common
Point, which will be positioned in the location of the intersection of initial Plates.

Use CTRL button from keyboard to select two Plates at once and confirm by Cut button to cut

1 i
-0 x -0 x
Tools | Special  Backgound  View  Export Tools | Special  Background  View  Expon
'\\3 O o Plate T Spot-Weld ng 4 Plate Merge Points (B) Scale sitior ﬁ '\\3 O o Plate T Spot-Weld Dd Plate Merge Points (B) Scale sitior ﬁ
W h W N e
7 Segment @ Shape 72 Segment | [ CutPlates T3 CutRectangle ¥ Simpl 75 Segment @ Shape Segment | CutPlates T3 CutRectangle &
Selection | Create Move 2 Caleulate Selection | Create * Move Calculate
Tool Point &7 Connect Points Point =1 Spot-Weld | 3 Divide Plates & Rotate Tool Point &7 Connect Points Point [L Spot-Weld | 3 Divide Plates @ Rotate
Select Create Move Edit Caloulate Select Create ove Edit Caleulate

120.164%

12

sonedoig | | >

-~

1 o - e
| | JE
OF N \

soedosg | | >

- ] \ \
0 0 180 2% o w %0 20

=658 y=1258 E x=-1141 y=31.08
Cross Section Editor | Axial Crushing | Bending | Torsion | Lateral Crushing | Denting | Al (Basic) Cross Section Editor | Axial Crushing | Bending | Torsion | Lateral Crushing | Denting | All (Basic)
= O CutPlates T Tool Settings (2D): Move Object Tool
@ @y || Mave: Constraints:
® o e —

First plate: (-Flate X Shift fmm: [0 ¥ Shit fmmi: [0 ‘ Apply ‘ I oge: [

Second plate: 1-Plaie. T Move Xonly I Move Y only. I Length |50

In case when two selected plates do not intersect, you will receive two new Plates as an
outcome of the Cut Plate operation. In this case however two new Plates will be lengthened
up to the point of their intersection. As a result, the two newly created Plates will share one
common Point, as it is illustrated in the pictures below.

-3 x
Tools | Special  Background  View  Export
\\3 O o Plte T Spot-Weld DJ‘ A Plate Merge Points () Scale () Mirror D) Position ﬁ
W -
P ot 7, Segment @) Shape " 7 Segment | DM CutPlates T CutRectangle & Simplify

- Caleulste
Tool | Peint & ConnectPoints

Green reference lines are displayed in the 2D
~| view to visualize the future Plates after
cutting

Doint I Spot-Weld
Move

4B Divide Plates @q Rotate “w Remove

Select Create Edit

Calculate

7117

12,417

-17.117

22117

Any unnecessary Points and Plates
that remain should be removed.

20 40
x=0757 y=-17.1
Cross Section Edor | Adal Gushing | Bending | Torsion | Lateral Gushing | Denting [ Al Basic) ] 0t

Tool Setings (2D): Cut Plates Tool
@|Ce]

First plate: $-Plate
Second plate: S-Flate
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X Cut Plates

“"Cut Plates” tool

In the Cut Plates tool there is also possibility to delete plate directly during cutting action. In
this case, select with CTRL button two Plates to be cutted and than click on the Plates that
should be deleted during cutting. Plates to be removed are marked with a red dotted line.

R et L
Tools Special Background View Export Tools. Special Background View Export
R O o Plate T Spot-Weld Dﬂ 4 Plate Merge Points (8) Scale D) Mirror 1D Position ‘§:§§l R O " Plate T Spot-Weld Dﬂ A Plate Merge Points (O) Scale ) Miror 1D Position ﬁ
7 Segment @1 Shape 7 Segment | J( CutPlates . CutRectangle & Simplify 3 7 Segment @) Shape 74 Segment | J( CutPlates T CutRectangle ¥ Simplify
Selection | Create Move - Caloulate Selection | Create Move ' Calculate
Tool Point annect Points Point 3L Spot-Wel ivide Plates otate emove i ‘onnect Points i ot-Wel ivide Plates otate emove
< 2 I Spot-Weld | 38 Divide Pl R Re Teal Point &3 C Poi Point L Spot-Weld | 3£ Divide Pl e Re
Select Create Move Edit Caleulate | a Select Create Move Edit Coledlate | o
] F . F
: 14 |
O O
=l =]
° o
50 [ 50 120 50 0 0 120
x=-T854 y=876 x=-3295 y=482
Cross Seetion Edor | Axial Crushing | Bending | Torsion | Laterel Crushing | Denting | Al (Basic) Cross Section Edtor | Avial Cushing | Bencing | Torsion | Lateral Crushing | Denting |_All{Basic)
Tool Settings (2D): Cut Plates Tool Tool Setings (20): Cut Plates Tool
@ ®
First plate: 6-Flate First plate: 6-Flate
Second plate: 14 - Set R Second plate: 14- Set R
b |
=
il -0 x =
Tools  Special  Background  View  Export Tools | Special  Backgound  View  Expgrg
R u] " Plate T Spot-Weld D,ﬂ o Plate Merge Points () Scale ) Mirrer D) Position ﬁ R O o Pate T Spot-Weld Sl L Merge Points (0) Scale ) vimor 1D Position lﬁl
7 Segment @ Shape 7 segment | [ CutPlates T3 CutRectangle ¥ Simplify 7 Segment @] Shape ¥7 segment | Jm( CutPlates T3 CutRectangle & Simplify
Selection | Create Move Caleulate Selection | Create Move Calculate
Tool Point &7 Connect Points Point 21 Spot-Weld | 3 Divide Plates T Rotate & Remove Tool Point & Connect Paints Point JI Spot-Weld | 3 Divide Plates < Rotate “p Remove
Select. Create Move Edit Calculate ~ Select Create love Edit Calculate ~
F F
= L
. \/\[ \
N[
-0 o 50 120 50 0 ) 120
x=-3042 y=8.76 x=-98.22 y=-100.74
g | Torsion | Lateral Grushing | Denting | Al (Basic) Cross Section Edtor [ Adal Crushing | Bending | Torsion | Lateral Cuushing | Derting | Al Basic)
Tool [Tool Setings (2D} Move Dbioct Tool
/?\ (‘?\ Move: Constraints:
@
I ! ’—xs.ﬁ ol [0 ¥ shift frm}: [0 [ nonty M Cade B
Second plate: ™ Move Xonly. I~ Move Y only. lieost 50
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3E Divide Plate "Divide Plate” tool

The user can divide the selected Plate into the requested number of equal Plates or into two
Plates with the indicated location of a new Point to be created.

-0 x
Tools Special Background View Export
*\h\“% O o Plate T Spot-Weld D. 4 o Plate Merge Points (0} Scale @) Mirrer 1) Position %‘
W 4 —
; [Z] Segment @ Shape [73 Segment ( CutPlates 13 Cut Rectangle ¥ Simplify
Selection | Create . Move Calculate
Tool Point k. Connect Points Point 2l Spot-Weld ?@ Divide Plates @,1‘.- Rotate \9 Remove
Select Create Mowve Edit Calculate ~

To divide plate into requested number of plates, enter the number of plates to division, click
on the Plate to be divided. The selected Plate will be marked by orange color and a black dot
as it illustrated in the below. Confirm by Divide button to make division.

USEFUL

TIP

The multiple number of Plates can be divided at once by selecting the plates with the CTRL

button o

n the keyboard.

o

/\ /\--m

e

i/

// » // . o

r/

l

Tool Settings (20): Divide Plates Tool

Mumber of plates: I 3 || Divide
L

[T User Defined Point

&)

Click on the “"User Defined Point” check box to divide Plate into two plates in user indicated
position.

Select Plate to be divided. Red point follows the cursor along the selected Plate line and
shows the division position. Mouse click lead to division selected Plate into two plates as
indicated.

Tool Seftings (20): Divide Plates Tool

9] Numbernfplates:l 2 Divide

/

¥ User Defined Point

i

<y
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(0) Scale "Scale Cross Section” tool

“"Scale Cross Section” tool allows you to modify the size of cross section.

Cross Section Editor - 4-Double cell -0 x
Tools | Special  Background  View  Export
-"7"3 O o Plate T Spot-Weld | L, 4 Plate Merge Poin ) Minor ') Position
\ 888
an an . HER
77 Segment 7 Segment CutPlates T CutRectangle ¥ Simplify
Selection | Creste g Move %% X o [ Calculate |*
Tool Point 4. Connect Points Point 21 Spot-Weld | 3 Divide Plate < Rotate g Remove
Select Create Move Edit Calculate

F

21

senadory || >

Scale Factor [Y%]:

-21

The text box is used to define
percentage size change of i . - M
selected parameters. Actual ey

size is multiplied by the factor. ool Setings (2D): Scale Cross Section Tool
@ | scale Factor [k [0

IV Scale length of plates

Toggle Parameters to size: LS

Each check box allows to select exclusively one scale parameter type.

- Scale length of plates changes coordinates of cross-sectional points.
- Scale thickness of plates changes the thickness of all plates

E

i1

s
Tool Settings (20): Scale Cross Section Tool

(%) | Scale Factor [%]: E]

¥ Scale length of plates

[™ Scale thickness of plates Apply |

= i

21

-28

-30 0 30 6

Tool Settings (20): Scale Cross Section Tool

{2} | Scale Factor [%]:

[ Scale length of plates
| Iv Scale thickness of platesl Apply

30 0 EL &
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=1 Cut Rectangle "Cut Rectangle” tool

The ,Cut Rectangular” tool enables to cut any number of Plates of an existing Cross Section.
The Cross Section is crop using a rectangular area.

s Cross Section Editer - 14-Thin Walled Cross Section -0 x
After se/ecting t—he n Cut Tools Special Background View ExpDrtD ; —
” =] " Plate T Spot-Weld A 4 Plate [ Merge Peints (D) Scale [} Mirer D) Pesition —
ReCtangIe tOOI you need > 17 Segment (B Shape 74 Segment | JE( Cut Plates -’v" Simplify
Selection Create Move Calculate
to select the area. All parts Tou | o &5 Connect Paints beimt L Spot-Weld | 38 Divide Plates (hy Rotate " Remove
Of the Cross Section that are Select Create Move Edit Calculate ~
outside the rectangle area ’f
will be cropped and . &
removed. " I
— |
9
If the "Reverse (Cut P T \ |
Objects in Rectangle)” ! [ I \
checkbox is selected, then " |
the objects inside the n [ l \ |
rectangle will be removed. . —=
-27
|
Choose the “"Crop Cross . AREA SELECTION
Section ” button to confirm - . o
changes. %9000 y-2212

fuial Crushing | Banding | Torsion | Lateral Crushing | Derting | All (Basic) |
Tool Settings (2D): Crop Cress Section Tool

@ I Reverse (Cut Objects in Rectangle)

I~ Remove Not Connected Points

(%) ||| CropCross-Section | T~ Reverse (Cut Objects in Rectangle)

|TDD| Settings (20): Crop Cross Section Tool F \
/
/

[~ Remave Mot Connected Points

— - - o

Click on the " Remove Not Connected Points” check box to automatically delete all
Points which are not assigned to any Plate of a Cross Section after cutting operation.

|TDD| Settings (20): Crop Cross Section Tool h \
P | Crop Cross-Section | [~ Reverse (Cut Objects in Rectangle) I \
| ¥ Remove Not Connected Foints '1"/ \j:_.

Click on the "Reverse (Cut Objects in Rectangle)” checkbox and to remove objects inside the
rectangle.

Note that in case of reverse cut all existing connections (Spot-Welds) will be deleted.

|Ti°' Settings (20): Crop Cr-nss Section Tool [— ___\ rrrrrrrrr r__ \
(21| | CropCross-Section || ¥ Reverse (Cut Objects in F'.ectangle)l I \

Remove Not Connected Points I \

o T 'k — —_
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ik, Rotate "Rotate” tool

Every Segment of a Cross Section can be rotated.
In order to rotate an element of a Cross Section:

1) Select a Segment (or number of Segments) to be rotated; use the ,,Select all” button in
the tool settings window to select all segmants of a cross section

2) Click on the Rotate tool

3) Drag around one of corners of bounding rectangle to rotate selected segments or set the
precise rotation angle in the tool settings window

s Cross Section Editer - 9-Hat section -0 x
Tocls  Special  Background  View  Export
‘:("—3 =] " Plate 1 spot-weld | L, 4 plate Merge Points (3) Scale A Mirrer D) Position —
\ 888
- 5 — B
<4 Segment 7 Segment | I CutPlates T CutRectangle ¥ Simplify
Selection | Create ? Move %279 ? o Calculate
Tool Point & Connect Points Point 21 Spot-Weld | 36 Divide Plate "% Remove

Select Create Move Edit Calculate

k4
o
@
soniadasg | >

45

36

Rotation axis

-9

-60 -30 0 30 &0
x=39.92 y=51.22

Cross Section Editor | Axial Crushing | Bending | Torsion | Lateral Crushing | Derting | All Basic) |
Tool Settings (2D): Retate Segment Tool

3 || Move: Set Origin:
’:&ngle o ’7 Manual |\ Centroid | [ Mid of BB |

Apply X[mml: [0 ¥ [mmil: [0

You can define the rotation axis in the Tool Settings window in the “"Set Origin” section, by:

- entering its coordinates
- setting it manually
- setting it the cross section’s centroid or middle of the bounding box (BB)

Tool Settings (20): Rotate Segment Tool
f‘?‘“‘j Maove: —Set Origin:

= || angle: |20 | Manual || Centroid || Mid.ofER |
X[mmi: [0 ¥ fmmi: [0 Select all
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4 Mirror "Mirror” tool

It is possible to mirror any selected element of a cross section with respect to the users defined

axis.
Tools Special Background View Export
‘{‘\3 O o Pt T Spot-Weld EL,,‘ < Plate [E Merge Points (@) Scale @Dn;mon lﬁl
s ‘V\_ c i Segment " 7 Segment | [ CutPlstes 1 CutRectangle © Simplify e
E?ﬁﬂf" ;:: 7 Connect Points pZ;: A1 Spot-Weld | #& Divide Plate @ Rotste g Remove culete
Select Create Move Edit Calculate ~
o y 4 \ E
| / \
u // \\
After selecting the "Mirror”
tool you need to define the |
mirror axis.
The mirror axis is defined by 2
two points created in the 2D
. -18
view. - o 50
x=-6.84 y=-2084
Coordinates of those point can [om=nae===
i H Change Mirror Axis:
l7)_e 7esf/neg’ and _ch;nged in the |2 v FEE v
ool Settings window — 1 == = P
Tool Settings (20): Mirror Tool
@ Change Mirror Axis:
SetPoint1 | X [44.835783 v |2 Mirror
SetPoint2 | X [39.368311 Y. |2 ) | Swap X
. J— — .
Afterwards select the element of a cross section to
be mirrored. . .

Note that the selected object will be marked by
orange color in the 2D view. / \

After clicking on the “"Mirror” button in the Tool

Settings window the selected element will be

mirrored with respect to the previously defined axis
Page | 40
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‘I) Mirrcr

"Mirror” tool

USEFUL TIP

Currently existing cross-section Points can be used as points of mirror axis.

Important notice
Note that the points of mirror axis selected to mirror action, will be duplicated and need to
be merged to achieve single Segment.

T Simplify

"Simplify” tool

The “"Simplify” tool provides the possibility of automatic simplification of a cross sectional

geometry with respect to Macro Element Method requirements.

The tool is especially useful in case of cross sections of an imported FE model.

(*) Please note that the optimized model represents the “best fit” to the expected final shape of
the cross section calculated following the Macro Element Method rules. In case of more complex
Cross Sections the user interaction is necessary to complete the cross section according to the
VCS discretization requirements.

&
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@ Remuove

"Remove Not Connected Points” tool

The tool "Remove Not Connected Points” enables the user to automatically delete all Points
present in the Cross Section Editor which are not assigned to any Plate of a cross section.

Tools Special Background View Export
7 Plate T spot-Weld | L, 2 Plate [ Merge Points () Scale ) Mirror  'X5) Position ()
Is‘ej Cr:te e . 2 ot zuti.a;t :icutlmnghgfmf..{ - = This functionality is
S-::(‘t e Sjcome:;:toeints e %Dj:c’t-wew “'f—‘ " = Edit ‘ e Calculate espeCIa/ly usefu, When
;— ! "J ! working on a cross section
q ° — created from a FE part,
g /’ where simplification of the
3 geometry was made.
44
5 In order do delete all
‘i unneeded Point simply
> click on the "Remove Not
Connected Points” icon
available in the Cross
B p R Section Editor’s main
~ !
e - tootbar.
Tgﬁo;:;ﬁ:w]%mlumuwmu Dertrs | ——
W Ports20 W Piates W Segments © SFEs W Comectiors | [ I_YM

Ly -
JL) Position

"Optimize Spotwelds Position” tool

The "Optimize Flat Elements” tool provides the possibility of automatic correction of a connection

position.

Modification of the Plate position causes simultaneously the change of the Spotweld position.
Select ,,Optimize Spotwelds Position” to place them in the right place with just one click.

Tools Special Background
T /" Plate
V3 o =
Z Segment
Selection | Create

Tool Point £ Connect Paints

Select Create

Miew Export
T Spot-Weld U 4w Plate Merge Points (D) Scale 4 Mirror | D) Position |§?l§'
=1
[Z; Segment R Cut Plates T3 Cut Rectangle o Simplify
Move Calculate
Point 21 Spot-Weld | 3& Divide Plste @, Rotate g Remove

Move Edit Calculate
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Add to

Repository "Add to Repository” tool

In VCS there is a possibility to add a Cross Section’s geometry to the local Repository.

Cross Section Editor - 1-Thin Walled Cross Section -0 x

Tools | Special I Background View Export

— -k L,

Add to Select All Copy
Repository Beams  Properties

Special -
)
36 é
@
18
g
]
-8
-18
-27
-36
¥x=41,12 y=-48.12
Cross Section Editor I.ﬁxjal Crushing I Bending I Tarsion I Lateral Crushing I Denting I All {Easic}l
It is possible to create a personal archive of Cross Sections which can be opened and used
whenever working on a new Solution.
In order to place a cross section in the Repository click on the "Add to Local Repository”
icon available in the main toolbar of the Cross Section Editor ("Special” section).
El--E] Solution
Alternatively, you can select one or several cross £ [] Cross Sections _
i i i &[] Thin-Walled Cross Sections
sections in the Solution Explorer tree. &[]
Right click and choose the “Add to Local G- L] 1Rectal___Rename
R t ” t . " E i?:i:bl Add To Local Repository N
epository ™ option. --D-i—Hat ael Remove Selection From Solution by
EI [ Solid Cross Remove Mot Connected Points
i i B-[] Materials
You can organize the saved Cross Segt/ons by =Tae Select All Bearme with this Crose Section
ascribing them to a selected folder (listed on the - []2- Material
left side of the “"Repository Explorer” window). You - (13- Materia Calculate
can also create new folders, transfer or copy E_;Em”"d“ Results Summary
objects from one folder to another and so on. ----HSuperBeams Optimize flat elements
- [[] Solid Beam
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Add to

Repository "Add to Repository” tool

This will enable you to create a personal, easy to use library of Cross Sections.

In order to create or delete a folder right-click on one of the folders on the left column of
Repository Explorer. You may then select the “"Add folder” tool to create a new folder or "Delete
folder” tool.

=]
| s ed —

Hame | Date added
L Mew Thin Walled Cross Section 2102014 1425 21872014 1:42:56

B Thpaled Coas Secion Ty . r PETrT TR /”"_-_“_-"‘——-‘
! Bal s Rooomenbedrortsucd LHS 02 | 3/10/2014 114723, | 371072018 114723
I % 27m i

i) 20 Characteristics

{i] 30 Charactenistics

P | | ! |
-z
-

" — T T

Name
User defined name of the object.

In the middle of the “"Repository Explorer” window you will find a list of Cross Sections together
with the date of addition to the repository and the date of the latest modification. You may sort
the Cross Sections by name (alphabetically) by clicking on the "name” button, by the date of
addition (click on "Date added”) or by the date of last modification (click on “"Date modified”).

On the right-hand side of the Repository Explorer window the geometry of a selected Cross
Section can be seen as well as a “read only” properties data.

In order to copy a Cross Section from the Solution into the Repository, left-click on the chosen
Cross Section in the Solution Explorer window, and then right-click. After choosing the “Add to
Local Repository” a window will appear, in which you may describe the selected Cross Section.
The described Cross Section will be automatically added to the main folder in the Repository.

In order to import a Cross Section from the Repository into a Solution you need to right-click on
the required Cross Section and choose the "Copy to current solution” option. The Cross Section
will be automatically added to the Solution Explorer window.

All data gathered in the Repository Explorer will be automatically saved on your computer’s
drive in a separate folder. In order to find the Repository data, open the "Documents” folder,
then find and open the “Visual Crash Studio” folder in which you will find the “"Repository”
folder with “repository.rvcs” file in it. You may easily copy the “repository.rvcs” file creating a
backup of all of the Cross Sections (as well as Materials and Characteristics) gathered in the
Repository Explorer.

Note that it is also possible to create a personal "library” of Materials and Characteristics used
in VCS Solutions. The detailed description of the Material and Characteristic part of the VCS
Repository can be found in the Material Editor chapter of the VCS manual.
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"Select All Beams” tool

The Cross Section Editor enables the User to automatically detect
L and mark all beams present in the VCS Solution which are defined

In the Cross Section Editor, in the “"Special” section, you can find

All Beams defined with the use of this cross section will be
automatically marked in the Solution Explorer window and in the

E|

Special

Addto| Selectall|  Copy
Repositof  Beams

Properties

|

|
|
|
L

/
-
/

/

—

/

x=-2.34 y=-3924

-30 (il 30

saadorg || 3

E1-[] Solution
B[] Cross Sections
[ Materials
B[] Nodes

£ [] Beams

= D SuperBsams

E- [ Solution
=N DCmss Sections
D Thin-Walled Cross Sedmns
ErIIJ - ;o [ Ny [ -
M- nE Rename
" [JEn Add To Local Repository
@ [ - -
__ OEn Remowve Selection From Seclution
.. [JEn Remove Mot Connected Points
&[] En —— -
D En Select All Bearns with this Cross Section
D En Calculate -
B[] En Results Summary
@ [ En
B[] En Optimize flat elements
l [[] End Cross Section 2 - SpineLine/2 - Section - Simpltied
- [] Solid Cross Sections

Cross Section Editor | Axial Crushing | Bending | Torsion | Lateral Crushing | Denting | All (Basic)

_ j'_'ﬁk-l Select All
I~k Beams
Tools | Special | Background
—_— iy }1 2 e .
— I by the currently opened cross section.
Add to Select All Copy
Repository Beams | Properties " "o
E— the “"Select All Beams” icon.
pecial
3D view.
Section Editor - End Cross Section ‘1 - Spineline/0 - Section’ - Simplified -8 x
Tools Special Background View Export

[¥] 1 Super Beam - - Section’

- SpineLine/1
-~ [¥] 2 Super Beam - ‘2 - SpineLine/2 - Section’
[¥] 3 Super Beam - 2 - SpineLine/3 - Section’
- SDII’]E Line/4 - Section”

-~[v]4 Super Beam -

SpineLine/D -

2
"2 - SpineLine/2 - Section”
Copy of 3 Super Beam - "2 - SpineLine/3 - Section”
- [w] Copy of 4 Super Beam - "2 - SpineLine/4 - Section”
[ Solid Beams

- [] User Defined Beams

“2 - SpineLine/1 - Section”

Alternatively, select the required cross section in
the Solution Explorer window and right click.

From the drop-down list choose the “"Select All
Beams with this Cross Section” option.
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=0
SR

Copy

“"Copy Properties” tool

a5 .
7 Properties

After selecting the Copy
Properties tool choose the
Plate from which you wish to
copy properties.

ion Editor - 11-Hexagonal hat -0 x
Tools Special Background View Export
— o
I ‘L'I_ G
E | &
Add to Select All Copy
Repository Beams | Properties
Special ~
e
=]
o > i
7
57.163 =]

28.582

u\<n

/

-28.582

N

Please note that in the Tool

. . -114.327 -85.745 -57.163 -28.582 0
Settings window you can 124691 y=2241
check which properties are to Auial Crushing | Bending | Torsion | Lateral Cushing | Derting | All (Basic
be copied. Tool Settings (2D): Copy Properties Tool

. iy g B Copy Properties:

T7<ire, o @ F;(ossm///ty focopy | ’]7 Thiskness % Motril 7 Color
plate’s thickness, material an - B P —
displayed color T -
—Copy Properties:
¥ Thickness W Materisl v Color ] @ |_

T: - [mm] Mat: - Clear Selection | o

Afterwards click on the Plate to which

you wish to copy properties.
The result will be automatically
displayed in the Cross Section
Editor’s view

AN
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REPLACE MATERIAL IN THIN-WALLED CROSS SECTIONS

=-[] Selution
The 'Replace Material in Thin-Walled Bl [] Cross Sections _
C Secti ’ tool bles th " I ] Thin-Walled Cross Sections
ross Sections” tool enables the userto = [ Solid Cross Sections
replace one VCS Material assigned to &- ] Materials
Cross Sections with another. I 200 s
-] 2000 Rename
After selecting (right click) a Material in - []2000 Add To Local Repository
the Solution Explorer window the H | Replace Material in Thin Walled Cross Sections
"Replace Material in Thin-Walled Cross . ] 2000 Replace Material in FE Parts
Sections” tool should be selected. - [] 2000 Select Cross Sections with this Material
Hm Select FE Parts with this Material
- [] Nodes Encrypt
- [] Beams

A new window 'Browse for Material’

will be visible on the screen. In this
window the user can select a

Dot e o
S
1

7530

0.00

s

o
- [10] poinks defined

previously defined Material by
which the current Material is to be

»

g - Materia- At
£

i) o 1
[l oehmed 3fs e} [ Enercy Equivaent /s (Troe)

replaced.

This tool enables the user to
qguickly and easily replace a
Material in all Cross Sections,
Plates and Segments

Evter maveriai rama: [Erar ol rare of e maanal
oK

=1 simultaneously.

Corcal

There is no need to look through all Cross Sections of the Solution.
This saves time and reduces the probability of errors which could happen during such

replacement procedure.

SELECT CROSS SECTIONS WITH A GIVEN MATERIAL

VCS provides the possibility to select all Cross Sections with a given Material assigned to them.
This function enables the user to locate all Cross Sections which have a given Material without the

necessity of time-consuming search.

In order to select all Cross Sections with the
given Material right click on a chosen
Material in the Solution Explorer window and
select the Select Cross Sections with this
Material option.

All Cross Sections having this Material
assigned will be automatically marked in the
Solution Explorer three.

B[] Selution
- [ Cross Sections
B[] Materials
- [ 2000 Rename
-] 2000 Add Te Local Repository
Hm Replace Material in Thin Walled Craoss Sections
-] 20001 Replace Material in FE Parts
-0 Select Cross Sections with this Material
O
... (] 2000 Select FE Parts with this Matenal e
&[] Nodes Encrypt
&- M Beams
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2 &

[

&t B2 0 "Background” tools

¥ Open Background Bitmap!

With the usage of the "Open Background Bitmap” tool you can set any bitmap in
the background of the Cross Section Creator to serve as reference for creation of a
cross section model

[, Define Axis |

The "Define Axis” tool enables the user to scale the uploaded background bitmap
by entering the coordinates of two points defining the diagonal line of the bitmap’s
bounding box.

Tools Special Background View Export
i ] Point Coordinates @
Y Cpen Background Bitmap |:| Pan Background -
- - —Coordinates :
t_ Define Axis . Reset Background X |125
[=X- .
ko dize Background
[ g | |45|
Background
1
Axis defined by 2 points r
n u
Click in the
, /R second
300-- WA L - 1 location in the
™ 2D view.
- E
-~ E ,
A - Define
- coordinates of
~ the second
Vo Y A A A AT A A A N TN point of the
125 mm axis.
e 1 -
Point Coordinates
—Coordinates : ——————
X% Iﬂ | 300 600
¥ I{H <
I Click in the 2D view.
— Define coordinates of the first point of
ok (1 the axis.

After definition of the axis the background bitmap will be automatically scaled with respect to
the axis coordinates.

Please note that in the given example the bounding box of background bitmap is set to the
dimensions corresponding to the coordinates of axis points.
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e L B3 [ "Background” tool

—
b4 Size Background)

The “Size Background” is a simple click and
drag tool for setting the required dimensions of
the background bitmap.

1|:| Pan Background

The "Pan Background” tool enables the user to
move the bitmap background within the Cross
Section Editor window.

Use the "Create
Segment” tool to create
a simplified ME model
basing on the bitmap

background \\_/
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CROSS SECTION EDITOR - VIEW TOOLS

Tools

Special Background

Wiew

(‘l‘a f;f' Loom#Area
ZoomAll

Wiew

f Show Lengths
5 Show/Hide Tools 5%2 Show Thickness

Measure

Export

"Zoom to all” tool

|

Foomdll

IC:_QI ZoomArea 3
LA

AN

e

f Show Lengths

In the Cross Section Editor window you will
find several tools for handling the 2D view.
Below please find a short description of the
2D view tools:

After clicking on the “"Zoom to all” icon the 2D view will automatically set to fit in
the entire cross section modelled in the Cross Section Editor.

"Area Zoom"” tool

The "Area Zoom” tool provides the
possibility to view objects contained within
the selected area.

"Show Lengths” tool

Tools View

2

ZoomAll

Special
O_;I Zoomhrea y Show Lengths
5 Show/Hide Tools | - Show Thickness

Background Export

View Measure

If the geometry of a Cross
Section will be changed, by
moving Points, Plates or
Segments, the dimensions will
change automatically accordingly
to the modifications.

After clicking on the ,Show Lengths” icon in the Cross
Section Editor window, the dimensions for each Plate of the
Cross Section will be visible on the screen.

e

Background

Tools

a

ZoomAll

Special
& ZoomArea

5 Show/Hide Tools

View

View

" Show Lengths
2 Show Thickness

Measure

-0 x
Export

seladaly | >

-21

x=-62.75 y=21.37

Cross Section Editor | Axial Crushing | Bending | Torsion | Lateral Crushing | Denting | Al Basic) |
_—
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ﬁql Show Thickness

"Show Thickness” tool

Tools Special Background View ecport|  After clicking on the ,,Show Thickness” icon in
A & ZoomArea <" Show Lengths the Cross Section Editor window, the thickness for
C)\ " Show/Hide Tools | [EEISHoW TRiCkNEsS each Plate of the Cross Section will be visible on
FoomAll the screen.
View Measure

H-08=x

If the geometry

of a Cross

Background Vi

Tools Special

ew Export

Section will be changed, 2 & zoomaws | £ Show Lengths
the displayed values will Zoomay ¥ STO/FideTocks | Show Thickness
change automatically view Mesure -
accordingly to the = E
modifications. . E

. \

x=-23.16 y=20.34
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EXPORT CROSS SECTION’S GEOMETRY

VCS provides the possibility to export Cross Section geometry in a CAD-readable format DXF
(.dxf).

s Cross Section Editor - End Cross Section ‘2 - Spineline/3 - Section’ -0 x
Tools Special Background View Export
The User has the possibility to B B =H
export the geometry of any Cross Export | Export  Summary
. ) . (DXF)  Points (Text) (SFE)
Section created in the Solution. eometry and Results N
Cross Sections can be exported in /,_a\_\\ =l
.dxf format, readable for CAD — ] £
programs. > ﬁ .
The export procedure is very 0 -
simple. In order to export a : i ™
Cross-Section, the User need ™
simply to click on the “Export to [/\\ .
DXF” icon available in the main |
toolbar of the Cross Section
Editor.
o 60
CZJ Crushing | Bending | Torsion | Lateral Crushing | Denting | All (Basic) |

The result of the export procedure can by seen in the picture above.
Please note that the dxf. format includes information about the thickness of each Plate of the
Cross-Section. However it does not contain information about connections defined between

Segments.

EXPORT POINTS (TEXT)

The User has the possibility to export
coordinates of a cross section Points in plain
text format

= Cross Section Editer - End Cross Section '2 - Spineling/3 - Section’ -8 x

Tools Special Background View Export

i T

B[ b |E
The export procedure is very simple. In order Beport | Export | Summary
to export a Cross-Section, the User need (DXF) [ Points (Tedt) | (SFE)
simply to click on the “Export Points Seomety end Resuls -
(Text)” icon available in the main toolbar of
the Cross Section Editor.

salllado.

30

» i —
il

| CS POINTS - Motepad — O x® b—-""
File Edit Format View Help
ﬁ$ Nodes Position Visual Crash Studio Solution
Node Name Position X Position Y
Point (2D) -49.3332536815474 13.9926845832368
Point (2D) -51.6420036238372 -27.3047799243121
Point (2D) -82.90816264675084 -32.8379971399938
Point (2D) 58.7787836495062 _17.4238908033532 -60 0 60
Point (2D) 48.0578101610803 22.9607688328371 y=-10.38 i
Point (2D) 87.0908621764171 -16.10893656383548

on Editor | Axial Crushing | Bending | Torsion | Lateral Crushing | Denting | Al (Basic) |

Ln1, Col 1 100%  Windows (CRLF) UTF-2 Page| 52
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THIN-WALLED CROSS SECTION - CALCULATIONS

= Cross Section Editor - 14-Hexagonal double hat & diaphragm -0 = Properties 59
Tools Special Background View Export ,lﬂ_gg A | =
% N O et T Spot-Weld D, 4 Plate Merge Paints (3) Scale ) Mimor ' Position g= ¢ 8
B 1) Segment i 7] Segment | % CutPlates 1 Cut Rectsngle & Simplify e v 1.Properiies .
Selection | Create . Move o Caleulate Ares 703.4609 [mm"2]
Tool Point & Connect Points Point 2l Spot-Weld | 3¥ DividePlate  x Rotate g Remove 2
Select Create WMave Edit Caleulste ||~ Material
Referencelength 222 05
z g SpecificMass 5.5503 [kg/m]
%- SummaryOfCross SectionData SummaryOf CrossSectionData
21 Thickness Muitiple thicknesses
/ \ v 2 Resulis
i » AxialResponse Axial crushing data
/ \ » BendingMix M {red principal axis)
R » BendingMyy Myy {blue principal axis)
» BendingRangeEnergy Bending Energy in angle range
i » DentingResponse Denting crushing data
» DesignRecommendations Design flaws and recommendations
» ElasticProperties Elastic response data
N > LateraslResponze Lateral crushing data
\ / > TorsionResponse Torsion response data
v 3 Misc
\ / CalculatedFlag True
a1 Flates &
\ / Paints 3
28 Segments 2
-0 0 30 SuperFoldingElements 5
x=-49.84 y=29.94 B » 4 Advanced
Cross Section Edtor | Al Grushing | Bending | Torsion | Lateral Crushing | Denting | Al (Basic) > Other

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

e Axial Response
e Design Recommendations

e Bending Mxx

e Bending Myy
e Bending Range Energy

e Denting Response
e Elastic Properties
e Lateral Response
e 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.

Design recommendations contain basic information on the recommended corrections to the
cross section and are the starting point of the design procedure for optimization of axial

crushing response of the cross section. E-[] Solution

Rename

In VCS the User can calculate all cross sections Add Folder

present In a Solution simultaneously.

Right click on “Cross Sections” folder in the
Solution Explorer tree.

From the drop-down list select the “Calculate All”
option.

Iified
Add Thin Walled Cross Section

Add Solid Cross Section Ified
Add Cross Section Wizard

| Calculate All

[
Compare Cross Sections =

lified
Iified
B[] End Cross Section ‘2 - Spineline./2 - Section” - Simplified
&[] End Cross Section ‘2 - SpineLine/3 - Section’ - Simplfied
+]- [] End Cross Section ‘2 - SpineLine/4 - Section’ - Simplified
- [[] 14-Hexagenal double hat & diaphragm

Select 4ll
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CALCULATIONS - CHARTS

CHARTS - BACKGROUND TOOLS

I Background | View Export

{*J Open Background Bitmap | | Pan Background Charts BACKGROUND TOOLS

L. Define Axis X Reset Background In the Chart Wizard window, you will find tools
°q goa Background which will enable you to modify the chart’s view.

&2

Background

Cross Section Editor - 14-Hexaganal double hat & diaphragm -0 =

Background | View  Export

141 Open - with the usage of 5 Open eckgrount st L] pon ceground
this tool you can load an L. e X Reset Bacgroun
image into the chart window. s b
This function allows easy [S—
comparison between =
simulation results and data \

collected in the past and -
imported as a picture. \

L. Dhefi?e A/xis - changes a TN 7\ /8NN X 7NN
chart scale ~. / N/ NN

- )
Ei-“': Size Background - enables
[ |

matching an imported chart
to required scale.

Crushing Distance [mm]

Pan - tool for translation of s ecedrode ]pm(seecedmanty = * i

a loaded picture ST
Cross Section Editor  Aial Crushing | Bending | Torsion | Lateral Crushing | Denting | Al (Basic)

"»_ Reset Background - Resets background back to default settings. Any added background
will be deleted from view

CHARTS - VIEW TOOLS
Background | View | Export

"Zoom to all” tool - automatically set to fit in the

Oii & ZoomAres ) ChartMerker | 2. Choose Series | antjre cross section modelled in the Cross Section
ZoomAl ¥ Show/Hide Tools Editor.
) “"Area Zoom"” tool - provides the possibility to view
few Markers Results objects contained within the selected area
T
i} Marker - see exact "
on the chart O Chart Marker

120 L L L b b fomm e

After selecting the “"Marker”
tool whenever you click in
the function window the
exact coordinates of the
cursor’s location will be

disp/ayed. (15,974, 47.648) . .

Right click in the function N ; |

window in order to delete 5 3 SRR

all marked locations Page| 54
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CALCULATIONS - CHARTS

CHARTS - VIEW TOOLS

Background | View Export "Choose Series” tool - In the Choose Series
(f & ZoomArea ) Chart Marker | 1 Choose Series window the user can find all series available for
5 Show/Hide Tools display in the currently opened Chart Wizard.
ZoomAll
_ In order to show or hide a series click on its
View Markers Results check box on the left side.
4muaen§nquweatmm}--;-----------------l -------------------------------------------------------------------------------------------------- .

(Val .
¥~ Choose series

________________ Rntwonmlglegdeq].

LCHARTS - EXPORT TOOLS
Background View Export “Export (Excel)” tool - enable to export
A B»‘ selected chart to the excel file
.
Export Export Summary “Export (Text)” tool - enable to export
(Exce) (;e’“) (SFE) selected chart to the txt file
esults

"Summary (SFE)” tool - enable to display properties summary of all Super Folding
Elements, that belong to currently opened Cross Section

Report: 'Summary of SFE data’ — a X
2 0.
Pmax [N] or [kN] Pm [N] or [kN] 2H [mm] D] eps max [1] Def. Mode Pmax [%] Pm [%] 2H[%]  eps max[%]
Elem#0 |42.473[kN] 9.2485 [kN] 14496 [mm] | 0.146[1] | 0.02[1] Symmetric 2143[%] (1221[%] |[3264[%] | 13.11[%]
Elem#1 | 434924 [kN] 18.7589 [kN] 40.06 [mm] | 0.4597[1] |0.1857[1] | Asymmetric A | 21.84[%] |26.09[%] |90.2[%] |121.72[%]
b [Elem#2 | 234157 [kN) 15,7811 [kN] 4113 [mm] | 04597[1] | 01857 1] | Asymmetric B | 218[%] | 2612[4] | 9262[%] | 121.72 %]
Elem#3 | 353992 [kN] 174721 [kN] 3047 [mm] | 04597 1] |0.1857[1] | Asymmetiic B | 17.86[%] | 23.07[%] |6862[%] |121.72[%]
Elem#4 | 33.4403 [kN] 17.237 [kN] 2879 [mm] | 0.4587[1] |0.1857[1] | Asymmetric_A 16.87[%] |2276([%] |64.83[%] |121.72[%]
Page| 55
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AXIAL RESPONSE

Axial response - summarizes axial crushing response of the Cross Section and facilitates basic

design procedures.

Cross Section Editor - 14-Hexagonal double hat & diaphragm
Background | View  Export
{7 Open Background Bitmap [_| Pan Background
1. Define Auis . Reset Background
3 Size Background
Background

Crushing Foree [kN]

E-0x

150 \
120

gn\ e P

L

v  AxialResponse
LxialCompression

Axial crushing data

[N
29,7376 [kNm/ka]

1. Recommended Pm=77.43 [kN]_- |

Comment

Guid
Layer
MeanCrushingForce

1. Becommendsd Pm:
2. Recommended
3. Accepted Pm=78.27 [kN]
4. Rejected Pm=75.26 [kN]

'm=7743 [kN]

K D
AN 7N NN N\ T
w 175.8 kN
o TriggeringDent Not defined
\< TriggeringForce Not defined
»  BendingMcx Mxx {red principal axis)
» | BendingMyy Myy (blue principal axis)
30 » DentingResponse Denting crushing data
» DesignRecommendations Design flaws and recommendations
» ElasticProperties Elastic response data
: Crushing Distance [mm] » LateralResponse Lateral crushing data
Y i = B » TorsionResponse Torsion response data
Hselectedmode =] Pm (selected mode)
x=35.642 y=167.580 : 3““5 ; i
Cross Section Edfor Aal Crushing | Bending | Torsion | Lateral Crushing | Derting | Al Basic) S Other

The simple numeric entries like Peak Force, Squash Load or specific energy absorption (SEA)
provide basic information on the strength and energy absorption capacity of the cross section.

The expanded Selected Folding Mode container shows data pertinent to the currently selected
folding mode. This mode is marked in red on the Axial Crushing characteristic of the cross
section.

The analyzed mode is selected from the drop-down list of all folding modes detected by the
program. Recommended and accepted modes should be considered as a base for trigger design.

The deformation of the cross section in the plane perpendicular to the axis of prismatic column is
displayed by selecting amount of axial deformation (crushing) of the active plastic fold (0 -
100%). The amount of axial compression is specified either numerically, by typing in a number in
Axial Compression window or by moving the slider.

The Axial Compression utility is used for checking for internal contact and/or penetration of
plastic lobes during axial crushing of the cross section.

N
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AXIAL RESPONSE

- . - - Properties &9
In the Properties window you will find results for: EE
. . ) ) ) > 1.Properties
« Axial Compression - axial deformation of active v 2 Resuts
. . L AxialResponse Awial crushing data
p/aStIC mOde mn [%] Axialornpressinn 0 :
- . . EnergyAbsorption T7AZTT kMNm/m]
« Energy Absorption - energy absorption (quasi - PeakForce 1 KN
static) per unit crushing distance of the member in SEA : 29.7376 [kNm/ka]
v  SelectedFoldingMode 1. Recommended Pm=77.43 [kN]
[kN/m] Comment
Guid 381658ed-Bbcb-48b8-abeb-b42a4b 138114
« Peak Force - peak force (quasi — static loading) in
[N] or [kN]
« SEA - Specific Energy Absorption — energy absorbed
per unit mass of the member in [kNm/kg] (quasi - washl
. . TriggeringDent
Statlc loadlng)- TriggeringForce Not defined
. . . » BendingMx Muxx (red principal axis)
* Squash Load - squash load (fully plastic axial load) in > Bendinglyy Myy (blue principal axis)
» DentingResponse Derting crushing data
[N] or [kN] » DesignRecommendations Design flaws and recommendations
» ElasticProperties Elastic response data
. . . . » LaterslR: Lateral crushing dat
In the Selected Folding Mode field you will find a | e — T s
drop down list of folding modes o GER
. . . » 4 Advanced
For a folding mode you will find results for: . Other

« Mean Crushing Force - mean crushing force of the cross section in [N] or [kN]
- Plastic Folding Wave - length of Plastic Folding Wave (2H) in [mm]

* Rolling Radius - rolling radius in [mm]

« Transition Angle - rotation of the side wall corresponding to the mode transition (quasi -
inextensional =2 extensional) in [deg]

DESIGN RECOMMENDATIONS

The Design Recommendations section guides the user through the optimization process of the
cross section for effective axial crushing.

The optimal cross section is obtained by eliminating design flaws detected by the program. It
should be emphasized that flawed cross sections may not collapse progressively and, in most
cases would collapse in global bending or irregular folding. In these cases, the energy absorption
of the crushing process is much smaller the in the case of progressive crushing.

Design

) F 4 \
Recommendation / \
s can be found in / \
the Properties Zo=
. - = | P =~ N
window of a Properties L . N
= hY
selected Cross R [ '
Section and in the | » 1Propeties 1 \ " / /
. . > 2 Crushing Response I | R
Properties window [+ 3 DesignRecommendations [ \ / S __-"
Of eaCh Chosen Step1_CentralAngle OK |
3 i OKin this folding mode 1§ ‘—‘
Super FO/dIng 0K in this folding mode
EXTENSIVE FRACTURE D = 1.8576
E/ement' Stepd_ContactPenetrations go to cross section level
~ 4 MNatural Folding Modes
»  MaturalModes Folding order: Asymmetric, Symmetric
v Misc
Name 8-5FE:
> Other
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DESIGN RECOMMENDATIONS

The first step in done on the level of Cross Section.
« In the first step the acceptable folding mode is to be selected.

Steps 2 to 5 are done separately for each Super Folding Element of a Cross Section.
The steps for the level of a SFE are:

« Setting the central angle

e Elimination of narrow and wide faces
« Elimination of fracture flaw

e Elimination of contact events

STEP 1 - CROSS SECTION LEVEL

In the first optimization step the correct folding mode should be selected.

A standing alone Super Folding Element can create three basic NATURAL FOLDING MODES.
Asymmetric folding mode is the most wanted folding pattern for it results in progressive folding
of the column during a head-on collision. Progressive folding absorbs most of the impact energy.
At the same time, it is the most difficult to obtain in real-world design.

Symmetric modes involve large membrane stretching of the material and have good Specific
Energy Absorption (SEA).
On the other hand, however, they frequently induce the so-called inverted mode(s).

Inverted folding mode has a very high axial stiffness in early stages of the folding process and
therefore notoriously induces global bending of the entire column.

For the above reasons the inverted folding modes must be eliminated from cross-sections
designed for axial crushing. This is done by corrections to the central angle and/or by
reducing/increasing number of corners in the cross-section.

Asymmetric folding Symmetric folding Inverted folding
mode mode mode
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DESIGN RECOMMENDATIONS

In reality a SFE is constrained by
neighboring elements of a
deformable cell.

The SFE is constrained by the
nearest neighbor by imposing the
deformation of 1 or 2 arms of the

element in a pre-defined direction. d irecti on o f
information

transfer

leading corner

In other words, the deformation mode of the leading corner of the deformable cell will affect the
mode of the remaining SFEs.

The requirement of the circumferential continuity of the deformation field may force an element
to the deformation mode different than its natural folding mode.

Different folding
modes initialize
in leading SFE

Force [kN]

axial shortening [mm)|

] 10 20 30 40 50 60 70 80

Note that different folding modes of the Cross Section will give different characteristics visible in
the diagram.

In the Cross Section Properties window you will find the Design Recommendations section.

The first necessary condition for a successful design of a Cross Section is the presence of at least
one recommended folding mode.
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DESIGN RECOMMENDATIONS

B 1.Properties &)
: : Area 1064,9277 jmm™2]
The regommended fold/nq_mode consists i 200 3P o1
exclusively of Super Folding Elements Referencelength 212.96
deformed in asymmetric modes. SpecificMass _ 84023 kg/m]
SummaryOfCrossSectionData SummaryOfCrossSectionData

This type of folding is a necessary pre-requisite

; ; ; ; AxialResponse Axial crushing data
for trigger design and resulting progressive S e

folding of the column. If the recommended
mode is not detected by the Cross Section
Editor the cross section requires major

CorrectFoldingModes

SFE_BadMode

redesign. SFE_CentralAngle
SFE_LobeCollision 2
. SFE_Warnings 5
Typically, number of corners and central ShoaMeiorFiows =
angles in the cross section must be changed. ShowMinorFlaws False

Myy (blue principal axis)

1 Recommended modes

All modes are OK

ElasticProperties
TorsionResponse
E 3.Misc
CalculatedFlag
DrawType
Plates
Points
Segments

SuperFoldingElements

DesignRecommendations
Results of calculations.

Hastic response data
Torsion response data

True —

In the Correct Folding Modes field you will find the number of modes likely to promote
progressive folding. These modes are recommended for Trigger design. Make sure that the

recommended modes are detested in the designed Cross Section.

Below the Correct Folding Modes field you will find statistics of flaws in the Super Folding

Elements (SFE) in the order of significance for energy absorption:

information see design recommendations in Properties window of SFE)

SFE Bad Mode — number of Super Folding Elements with inverted folding mode ( for more

« SFE Central Angle — number of Super Folding Elements with bad central angle (for more

information see design recommendations in Properties window of SFE)

* SFE Lobe Collision - plastic fold of neighboring elements collide in Cross Section SFE (for

more information see design recommendations in Properties window of SFE)

* SFE Warnings - this warning may include: too wide or too short sides and/or fracture of SFE

(for more information see design recommendations in Properties window of SFE)
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DESIGN RECOMMENDATIONS

STEP 2-5 — THE SUPER FOLDING ELEMENT LEVEL

When a recommended mode is found, further design steps are done at the level of Super
Folding Elements. For an easy identification flawed Super Folding Elements are marked on the
cross section view by red (major flaws) and yellow (minor flaws) circles.

The major flaws include:

e bad folding mode (inverted)

e bad central angles o |

e narrow side face that leads to lobe collision I 'R
(lobe collision). ' ’

The minor flaws are:

e wide faces of the cross (may lead to irregular
folding)

e fracture of material that occurs late in the
folding process.

n/-

In the Solution Explorer window select one of the cross Section’s Super Folding Element
(SFE). The Properties window of the selected SFE lists consecutive steps of the design
procedure in the Design Recommendations section.

In the Cross Section Editor window the selected SFE will be marked with blue and red line.
Arm 'A’is drawn by a red line, arm 'B’ is drawn by a blue line.

You can find the length of each arm (A and B) and its thickness in the Properties section of
the SFE Properties window.

7 % |Properties IS
* 1.Properties
+ 3.Design Recommendations
Stepl_Centralfngle oK
Step2_WidthSided OK in this folding mode
,’ Step2_WidthSideB OK in this folding mode
| Step3_Fracturelndicator EXTEMNSIVE FRACTURE D' =1.8576
\ ‘\ / Stepd_ContactPenetrations go to cross section level
\ ! TV & Natural Foiding Modes
.o _- ‘ »  NaturalModes Folding order: Asymmetric, Symmetric
\ /e
\__( Name 8-SFE-
> Other
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DESIGN RECOMMENDATIONS

STEP 2 - CENTRAL ANGLE

In the second step the Central Angles of all SFE should be corrected.

It follows from the mechanics of the Super Folding Element that the central angle is a primary
geometrical factor responsible for energy absorption in a single SFE.

Elements with too small central angle (acute elements) or too large angle (obtuse elements) do
not develop progressive pattern.

,,5_;:;'

In the SFE Properties window in the Step 1 -
Central Angle field (Design Recommendations
section) you will find the recommendation
about the Central Angle of the selected SFE.

Too smal: increase to 80 - 120 [deg] |
OKin this folding mode
QK in this folding mode

Note that the angle should be between 80 and

120 deg. fracture detected D = 1.4727
Stepd_ContactPenetrations go to cross section level

Following the correction section must be re- —

calculated in order to update design > Other

predictions.

STEP 3 - ELIMINATION OF NARROW AND WIDE FACES

In the third step narrow faces must be eliminated by moving corresponding nodes.

Care should be exercised during this procedure in order to prevent excessive changes to central
angle.

Note that properties window of corresponding plate element is very useful at this step.

In the SFE Properties window in the N 3.Duimw _ o
Step 2 - Width Side A and Width Side SR Lopsmalinrsass o 8- 120 Keg
B fields (Design Recommendations s S r T8 Toeing fece

£ il find th Step?_\wWidthSideB Plate too wide!
sec IOI')) you M.” n € Stepd_Fracturelndicator fracture detected D = 1.4727
rec%mmendfatl/?onsionut the length of Stepd_ContactPenetrations go to cross section level
each arm of the . e

When a side face of a cross section is
too narrow to accommodate
propagating plastic lobes the lobes
may collide before plastic fold is
completed.

Narrow face” phenomenon is
closely related to the magnitude of
central angle(s) in neighboring
corner(s). This phenomenon is
responsible for local axial stiffening
of the column, which together with
drastically reduced bending
stiffness of the cross-section leads
to the overall bending as it is visible
in the picture on the right.

Irregular folding followed by overall bending
induced by internal contact of neighboring walls
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DESIGN RECOMMENDATIONS

The side face of a cross section must not be too narrow as shown in preceding section.
It cannot be too wide either!

When the plate is too wide (thickness too small)
the folding of "wide” corner elements
becomes irregular. This may lead to
irregular, non - progressive folding as you
can observe in the picture on the right, or non-
compact folding when consecutive plastic
folds are separated by unfolded segments of
the column.

In both cases the efficiency of energy
absorption is dramatically decreased.
Irregular/non compact folding is typical for
elements with large C/t ratio.

Once all corrections are introduced section
must be recalculated.

Irregular folding mode of column
with wide side faces (large width,
C, to thickness, t, ratio C/t).

STEP 4 — FRACTURE FLAW

In the case of fracture flaw at this stage the only remedy is the change of material to more
ductile or reduction of thickness (reduction of plastic strain — roughly inversely proportional).

Modification of the cross-section geometry, in general, has a weak influence on induced plastic
strains.

; : : .Deszign Recommendations
In the SFE Properties window in the Step o abhe i : o
R ' . Stepl1_Centralfngle Too small: increase to 80 - 120 [deg]

3 - Fracture Indicator field (Design e BT

. . S Step2 \WidthSided QK in this folding mode
Recommendations section) you will find Sten? WidthSideR Plate too wide!
the information about the ductility of the |5t5|:-3-_Fr3:tL.rsIr:i:E or fracture detected D = 14727
Material (Fracture Indicator D). Stepd_ContactPenetrations go to cross section level

Note that Fracture indicator D is calculated for selected Material fracture model. D larger than 1
indicates fracture of Material.

STEP 5 - CONTACT EVENTS

In the last design step contact and/or penetration events must be checked visually at the cross-
section level (axial response property group).

» 3 _Design Recommendations
In the SFE Properties window in the Step Stepl_Centralfngle Too small: increase to 80 - 120 [deq]
4 - Contact Penetrations field (Design Step2_\widthSided OK in this folding mode
Recommendations section) you will find Step2_\WidthSideB Plate too wide!
the information about contact events. Step3 Fracturelndicator fracture detected 0 = 1.4727
IStspi_C ontactPenetrations go to cross section level

Check for possible internal contacts and penetrations (see Properties window of the Cross Section).
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TRIGGER DESIGN

Triggering mechanism is designed in order to promote a desired progressive folding pattern
and reduce the peak force below the level, which is likely to induce global buckling of a column.
A triggering of columns is especially important for complex cross - sections that develop
large number of natural folding modes.

Usually only few of these modes are likely to converge to the desired progressive folding pattern
while other modes lead to a premature bending of a column.

Trigger is designed by specifying the level of quasi static peak load (in Newtons). Once this
parameter is defined program shows a coupled parameter: i.e.: depth of dent corresponding to
defined axial force.

Note that design of a trigger makes sense only for Recommended or Accepted folding mode.

[Properties ¥ In the Properties window you can
2= 4] | =l enter the depth of the trigger dent
> 1.Propesies (in millimeters) or the triggering
v 27 Resull=s force (in Newtons).

» AwialResponse Auial crushing data
LoaalCompression 0.79960811299604873
EnergyAbsorption 26.5454 [kNm./m]

PeakForce 70.76771 [kN]
SEA 11.6033 [kMm.kg]
»  SelectedFoldingMode 1. Recommended Pm=26.55 [kN]
Souashl oad 110 2 o]
2.16 [mm]
TriggeringForce 606704 [kN]

»  BendingMboc Vbox (red principal axis)

»  BendingMyy Myy (blue principal axis)

» DentingResponse Denting crushing data

» DesignRecommendations Design flaws and recommendations

» ElasticProperties Blastic response data

» LaterslResponse Lateral crushing data

% TorsionResponse Tarsion response data

> 3.Misc

» 4 Advanced

»  Other

In the Cross Section Editor window
you can see the shape of a trigger
designed on the basis of
Recommended folding mode (the
black dotted line).

The value displayed in the Triggering
Force cell in the Axial Response
section of the Properties window,
comes as a result of iteration routine
and may slightly differ from starting
value entered by the user.

g 1 B o B
i = |
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BENDING RESPONSE

Bending crushing response of the cross section is defined in two directions corresponding
to the orientation of principal axes (defined for elastic response of the cross section).

e Bending Mxx - red principal axis

e Bending Myy - blue principal axis

s Cross Section Editor - 14-Hexagonal double hat & diaphragm - O x |Properties
Background View Export %‘E‘L | _I
.y Open Background Bitmap |:| Pan Background 3 I.Pﬂmﬁ
L. Define Axis . Reset Background w 2 Resulls
Eaff Size Background b3 I i i
Background ~ il M red principal axis)
2o Bending Moment [jim] EnergyNeg £95.9705 [Nm;
EnergyPos 720.1313 [Nm]
FullyPlasticMoment 1.9671 [kNm]
2000 \ PeakMomentNeg -2.0436 kNm]
“‘\\\ PeakMomentPos 1.9733 [kNm]
TotalRotationMeg -23.3823 [deq]
1500 / T —— TotalRotationPos 23 2761 [deq]
w | BendingMyy Myy (blue principal axis)
Energy_Meg 817.0554 [Nm]
. Energy_Faos 818.089 [Nm]
FullyPlastic_Moment 39455 lkNm]
PeakMoment_Neg -4 6207 [lMm]
1500 — PeakMoment_Pos 46201 lkNm
|/ / TotalRetation_Neg 14,6543 [deg
- TotalRotation_Pos 146543 [deq]
3000 ‘-\H"‘*\ » DentingResponse Denting crushing data
» DesignRecommendations Design flaws and recommendations
\ / » ElasticFroperties Elastic response data
o0 » LsterslResponse Lateral crushing data
Ratation Angle[ded] » TorsionResponse Tarsion response data
24 -18 -12 -6 0 6 12 18 24
= Mcx (plane{vzy) =] Myy (plane £3) > 3.Misc
x=26.578 y=-246.944 E1 » 4 Advanced
Cross Section Editorl Avial Crushingl  Bending || Tersion | Lateral Crushing I Denting | Al {Easic]l » Dther

All three characteristics have similar structure. The crushing characteristic gives the variation of
the moment versus angle (of bending or rotation) while the properties window shows numeric
values of characteristic parameters such as maximal moment or energy absorption.

In the Properties window you will find results for:

o Energy Neg. - energy absorbed in (Nm) or (kNm) — negative rotations
for Mxx - red axis, principal plane parallel to {YZ}
for Myy - blue axis, principal plane parallel to {XZ}

o Energy Pos. - energy absorbed in (Nm) or (kNm) - positive rotations
for Mxx - red axis, principal plane parallel to {YZ}
for Myy - blue axis, principal plane parallel to {XZ}

o Fully Plastic Moment - fully plastic bending moment in (Nm) or (kNm)
for Mxx - red axis, principal plane parallel to {YZ}
for Myy - blue axis, principal plane parallel to {XZ}

o Peak Moment Neg. - maximal bending moment in (Nm) or (kNm) — negative rotations
for Mxx - red axis, principal plane parallel to {YZ}
for Myy - blue axis, principal plane parallel to {XZ}

o Peak Moment Pos. - maximal bending moment in (Nm) or (kNm) - positive rotations
for Mxx - red axis, principal plane parallel to {YZ}
for Myy - blue axis, principal plane parallel to {XZ}
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BENDING RESPONSE

Total Rotation Neg. - total rotation in (deg) — negative rotations

for Mxx - red axis, principal plane parallel to {YZ}
for Myy - blue axis, principal plane parallel to {XZ}

Total Rotation Pos. - total rotation in (deg) — negative rotations

for Mxx — red axis, principal plane parallel to {YZ}
for Myy — blue axis, principal plane parallel to {XZ}

CONSTRAINED BENDING

This post-processing feature calculates constrained bending crushing response in a predefined

bending plane.

You can define the bending plane in the
Constrained Bending field in the Advanced
section of the Properties window.

In this field you should enter the angular
position of user defined constrained bending
plane and lateral crushing direction with respect
to x (red) principal axis in degrees (0 to 360).

|| 4 4 Advanced |
CalculateAllModes True
| ConstrainedBendAndLatCrushing 0 |
Neutral AxesOrientation Default
> Other

In general, this type of bending requires additional constraints to keep the cross section in
assumed bending plane. Also, the direction of the velocity of rotation vector and resulting
bending moment vector are, in general, not collinear. The plane of constrained rotation is defined
by the positive angle measured form the x (red) neutral axis (0°-360°).

Plane of constrained bending is marked as black axis on the 2D Cross Section Editor view. The
axis arrow points into direction of the compressed fiber. The bending crushing characteristic is

displayed as dark grey curve on the Bending diagram.
Typically, the constrained bending feature is used to determine bending crushing response of A

pillars constrained by windshield.

Bending Moment [Nm]

2000

-2000

Rotation Angle [deg]

-40 -20 0
M (plane(vz)) [ Myy (plane 02)) =] Constrained (45deg.)
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BENDING RANGE ENERGY

. ] “ 1.Properbes =
This group of cross section results allows to Mrea_ 530.0547 [mm"2]
count bending energy in the range of the g:{‘:;'mengm fgg‘;‘:z (LS_DYNA)
rotation angles specified by the user in the Specifichlass 4.1821 ka/m]
Properties text box. SummaryOfCrossSectionData SummaryOfCrossSectionData
Thickness 234
. . . . v 2 Resulis
Cou_n.t/ng is poss:b/e in any angle range of 5 fialResponse Aial crushing data
positive or negative Mxx and Myy moments >  Bendinghhx Mg fred principal axis)
separatg/y. The results are displayed in the | T— Bencing Enerey 1 andle rae
Propert/es WINdOW. + BendingMxxRange Bending Mxx Energy in angle range
EnergylnRangeMeg_Mxe | 06508
EnergylnRangePos_Mxx | 06334
The angles range can be changed at any time ﬁ:!;—mfn"fn“jf—h:“;f [’3
by entering the max and min values. The results Pos_Max_Angle, M 3
of the bending energy in this range will be Pos_Min_Angle_hxx 0
refreshed after clicking on its textbox, in the > BB""QM"“ — ?‘i’l‘ﬂ’;g’“‘WE”e’g’”” angle range
. . . nergylnRangeNeg_Myy 253
Properties Window. It is not necessary to EncrayinfiangePes My | [1.4455
recalculate the entire cross-section. Neg_Max_Angle_Myy 0
Neg_Min_Angle_Myy -15
" . ” Pos_Max_Angle_Myy 15
* Note that each “Energy in range” textbox Pos_Min_Angle My 0
must be refreshed separately to display proper > DentingResponse Derting crushing data
Value » DesignRecommendations Design flaws and recommendations
! » ElasticProperties Elastic response data
> LaterslResponse Lateral crushing data
» TorsionResponse Torsion response data
> 3. Misc ]
» 4 _Advanced
5 Other A
EnergylnRangeNeg Myy

Energy Absorbed in [Nm] or [kNm] - negative rotations, blue axis (principal
plane parzllel to j]

2.ap4 Bending Moment [Nm]

2.1E4 /—I
AN
\""-.

1.8E4
B
1.5E4 g
=i v BendinghyyRange Bending Myy
3000 - EnergyinRangeMeg_Myy RREERLE '\
EnergyinRangePos_Myy | 1.7665
6000 aian
Meg_Max_Angle Myy |0 T
3000 Meg_Min_&ngle_Myy -15 -
i Pos_Max_Angle_Myy 15 | V / /
Pos Min Angle My 0 /
1 B
-6000
-9000
-1.2E4 ""*-\
-1.5E4 “
—t Rotaticn Angle [deg]

-60 45 -30 -15 0 15 30 45 60
ElM}u{(plane{YZ}]Pos. E|Mlu([p|ane{‘(2})hleg. Ele{pIane{}l:’Z}]Pos. E|Mw[p|ane{)€2}}hleg.
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TORSION RESPONSE

The Torsion crushing characteristics is calculated for two modes of torsion crushing.
The Fixed Ends response corresponds to the fixed boundary condition that prevents any axial
deformation of the column.

The Free Ends response corresponds to the axial unconstrained motion of one of the column
ends. In both cases it is assumed that end cross sections remain parallel to each other and
perpendicular to the column axis — no warping deformation.

= Cross Section Editor - End Cross Section 2 - Spineline/2 - Section’ -0 x
Background View Export
(=) & ZoomArea 3 Chart Marker | ¥ Choose Series
(—)\ " Show/Hide Tools
ZoomAll
View Markers Results ~
Twisting moment [Nm]
- I — o
6000 / H————._
4500
3000
1500 ‘59
0 =
-1500 v 1.Prq)uiﬂ
~ 2 Resulis
5 » | AxialResponse Auial crushing data
4500 » BendingMcc Mxx fred principal axis)
oo S —— - T » BendingMyy Myy (blue principal axis)
/ » DentingRespaonse Denting crushing data
. o » DesignRecommendations Design flaws and recommendations
a0 &0 20 9 20 I » ElasticProperties Elastic response data
= FixedEnds  =|Fres Ends =] Fracture Initiation 5 LateralResponse Lateral crushing data
x=12396 y- 82395E1 w Torsion response data
Cross Section Editor | Axial Crushing | Bendingdl Torsion | Lateral Crushing | Denting NI{Basic)I . Ao -
e - EnergyFixedEnds 15.8503 [k Nm]
/5, | [Select EnergyFreeEnds 12.2555 [kMNm]
- ¥ Points 2D | Flates |¥ Segments | SFEs [V Connections Jammingfngle 113.6648 [deq]
PeskTorque 8.2245 kNm]
- TorgueFullyPlastic 6.1179 [ Nm]
» 3.Misc
» 4 Advanced
»  Other
In the Cross Section Editor window you can see the Torsion crushing characteristic for axially
constrained (red - Fixed Ends) and unconstrained (blue — Free Ends) torsion crushing.
The black circles show points of fracture initiation.
In the Properties window you can find results for:
° Energy Fixed Ends - energy absorbed during twisting up to the jamming angle in (Nm)
or (kNm) (fixed ends)
° Energy Free Ends - energy_absorbed during twisting up to the jamming angle in (Nm)
or (kNm) (free ends)
° Jamming angle —_first contact of twisted side faces of the element in (deg)
° Peak Torque -_maximal twisting moment in (Nm) or (kNm)
° Torque Fully Plastic —_fully plastic twisting moment in (Nm) or (kNm)
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LATERAL RESPONSE & DENTING

The Denting / Lateral crushing module is intended to generalize the response of a classic beam
by considering shell response of the walls of a thin walled beam. The denting/lateral crushing
involves mostly bending deformations along stationary hinge lines and absorbs relatively little
energy as compared to axial or bending crushing. However, lateral deformations are strongly
coupled with axial and bending response of a beam (a flattened beam would not retain much
bending and axial crushing resistance).

The beam dented by an edge loading collapses locally. At the same time the predominantly
membrane deformation of the beam surface spreads over the span of the beam in the region
referred to as a transition zone. Depending on the boundary conditions the transition zone
reaches the physical ends of the beam or stops at certain distance from the denting region.

In general the denting/lateral crushing of a beam results in development of distinct deformation
mechanisms:

The first mechanism is the denting of a cross section. The deformation in this region depends on
the shape and extends of the penetrating object. In the case of edge loading the denting region
is assumed to be of zero width in other cases extend of this region is finite.

In the transition region the cross section deformations results from boundary conditions, shape of
original cross section of the beam and shape of the penetrating objects, and must be calculated
separately for each cross section geometry and boundary conditions at the ends of a beam.
Finally, the extent of the transition zone depends on all the parameters listed above.
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LATERAL RESPONSE & DENTING

In order to receive results for Lateral Crushing Properties v
. E=: A =
and Denting you need to set the Calculate &= 4 =
Lateral Denting Response in the Lateral e
Response field of the Properties window to True. 5 AxizlResponse Axial crushing data
»  BendingMc Mex (red principal axis)
i HIEH P » BendingMyy Myy (blue principal axis)
IF is alsq neces.sary to fill in the Spec1men Le:ngth > DenfimgRosporss Derfing crhing oa
field which defines the length of the prismatic DissipationDentingZone | 0 [Nm]
; - ; DizsipationGlobal 0 [Nm]
section subjected to lateral crushing [mm]. — S
. . LengthProceszZone 0 [mm]
Moreover, the user is able to define: RadiusAtCarner 0
SpecimenlLength 10
e Crushing Distance [mm] — the distance of » DesignRecommendations Design flaws and recommendations
. g . . ) . . » ElasticProperties Elastic response data
specimen deformation in crushing direction. By v TateralMlesponse Tateral cushing data
default, Crushing distance is set to 80% of the Caleulatel stersiDentingResp True
specimen height (in crushing direction). CrushingDistance 20 _
EnergyDissipation 0 [Nm]
: . ForceFirstYield 0 kN]
e Radius at Corner - the corner radius of the MaximalForce 0 [kN)
: MeanForce 0 kN]
analyzed Cross Section o 5
ShowHide False
e Indented Radius - radius of a cylindrical SpecimenLength 10
penetrating object - in the Denting Response : ;":':B”F‘“p””“ Torsion response data
section of the Properties window . 4 Advanced
5 Other
After the calculation of a Cross Section is completed, in the Cross Section Editor’s main view
additional blue - lined cross section will be visible.
This blue cross section illustrates the deformation of the original Cross Section under the lateral
crushing conditions.
= Cross Section Editor - 16-Double hat section -0 x
The he/ght Of the deformed Tools Special Background View Export
cross section is determined by h\;“*$ O « Plate T Spot-Weld D: 4 Plate E @ 4 @ pasition o5
the CFUShIng DIStanCE prOpel‘ty Selection | Create LZi Segment Move |Z»i segment )E( o Calculate
. . Tool Pgint . ConnectPoints Point 2l Spot-Weld s w
deﬁned by the userin the Select Create Move Edit Calculate A
Properties window. -
Note that the direction of lateral =
crushing load is determined by .
vertical axes of the Cross
Section Editor. 18
g 4 \
’ E
B 3:;,‘\< >?‘,4 _________
18 el _//
-27
8 60 30 0 30
¥=55.0 y=44.66
Cross Section Editor I.ﬂxial Crushing | Bending I Torsion I Lateral Crushing | Derting I Al {EESIC]I
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LATERAL RESPONSE & DENTING

The Denting / Lateral crushing characteristic constitutes the fourth elementary characteristic that
characterizes crashworthiness of prismatic member. This characteristic determined as part of
the Cross Section Editor calculations is displayed in a separate tab of the Cross Section Editor
window, as illustrated below.

_

T RN A I

% 25 s 75 1 o) 5 £ ” 100
[ Crushing Force [in] =}

x=5145 y=0149 2252315 y=2554

L Cross Section Edtor | 1, Awal Crushing | 4~ Bendng | | Tormon) tl.,.gm|po-mg umwmuItum1+m[LvM]+unmm[mJ

B

In the Denting section of the Properties window you will find the results for:

o Dissipation Denting Zone - energy dissipated in local indentation (free ends) [Nm]

o Dissipation global - total energy dissipation: local denting + global beam response
(clamped ends) [Nm]

o Length Process Zone - length of the process zone of denting mechanism
(beam(s) span cannot be shorter than this length) [mm]

In the Lateral Response section of the Properties window you will find the results for:

Energy dissipation — energy dissipated in the reference collapse range
(default: 80% of the specimen height in crushing direction) [Nm]

o Force First Yield - force corresponding to the first plastic deformation(s)
(end of elastic response) [kN]

o Maximal Force - maximal force of the lateral crushing response [kN]

o Mean Force - mean crushing force [kN] - in the plastic range
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THE ELASTIC PROPERTIES OF THE CROSS SECTION

The Elastic Properties container on the Cross Section Properties window shows all the standard

properties of thin-walled elastic cross section.

The Axial Stiffness EA, Bending Stiffness EIxx and L
Bending Stiffness Elyy are especially defined for
. ) ) . 1_Properties
cross sections with different elastic module of 9 Resulis
Contributing p/ates' » AxialResponse Axial crushing data
» BendingMx Mxx (red principal axis)
» BendingMyy Myy (blue principal axis)
In this case the reference Young modulus E is the 3 DentingResponse Denting crushing data
mOdU/e Of the ﬁrSt p/ate I-n the Ccross SeCtion > DesignRecommendations Design flaws and recommendations
’ v Blastic response data
AxialStiffness_EA 4 8E7[N]
Note that in general the Centroid Position calculated BendingStifiness_Ebox 1.3568 £10 [Nmm 2]

for elastic bending response of cross section must

not necessarily coincide with the position of free Crimaresten 1’fsig3[rg”;-im“m.. 25417 o}
rotation center Torsion Rotation Centre. I 6.7855 E4 [mm"4]
vy 8.6675 E4 [mm"4]
Orientation 0 [deq]
ShearStiffness_GAx 1.0769 E7 [N]
ShearStiffness_GAy 7.6923 E6 [M]
ShowPrincipaldxes True

BendingStifiness_Elyy

TarsionRetationCentre
TorsionStiffness_Glo

1.7333 E10 [Nmm 2]

X =0[mm]. Y =0.7214 [mm]

5.711 E9 [Nmm 2]

» LateralResponse Lateral crushing data
» TorsionResponse Torsion response data
> 3.Misc

» 4 Advanced

» Other

In the Properties window you will find results for:
o Axial Stiffness EA - axial stiffness of the Cross Section EA in [N]
o Bending Stiffness — bending stiffness in [Nmm~2]

For Elxx — with respect to the principal axis x (red)
For Elyy — with respect to the principal axis y (blue)

o Centroid Position — position of the centroid of the Cross Section in [mm]

° lo = second polar moment of area, lo [mm~4]. Valid for sections with constant Kirchhoff
modulus and parallel rigid end fixtures

° Ixx = second moment of area, Ixx [mm~4], x principal axes (red). Valid for sections with
constant Young modulus.

o lyy = second moment of area, lyy [mm~”~4], y principal axes (blue). Valid for sections with
constant Young modulus.

o Orientation - orientation of the principal axes (red and blue) with respect to the 2D view
coordinate system [deg]

o Shear Stiffness — shear stiffness in [N]
For GAx - with respect to the principal x axis (red)
For GAx - with respect to the principal y axis (blue)

o Torsion Rotation Centre — position of the center of rotation in [mm] (for parallel rigid end
fixtures)

o Torsion Stiffness Glo — torsional stiffness of the Cross Section Glo in [Nmm~2] (for
parallel rigid end fixtures)
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Compare
Cross-Sections

Compare Cross Sections

The icon “"Compare Selected Cross Sections” is located on the main toolbar in the “Calculate
and Results section

Model Calculate and Results Analysis View Help
\_{\ I.-KI -\I 'q \'\‘ ‘f‘-\l If"\l ‘./.-\I Ifl i\l If’i\l @I Time 39 |:| Start Animation Server %“? E:.@ EI Save ac Load Case
888 K - AN N AN N\ I
Step 7800 m Add Animation Client E Repository Explorer
Processing Chart Compare GoTo Previous Reverse Play Stop MNext GoTo Loop - o Movie Screen | e
Unit Wizard |Cross-Sections Start Frame Play Frame End Frames No, | 100 L) Synchronize Views Shot . Visual Software Digitizer
Calculate tThere Animation Synchronization Capture Special

In order to open the Cross Section Comparison tool, click on the "Compare Cross Sections”.
Alternatively, select the Cross Sections branch on the Solution Explorer tree and right click on it.
From the drop-down list select the Compare Cross Sections tool.

A new window “"Compare Selected Cross Sections” will be visible on the screen. In this
window, in the left hand side column, you will find a list of all cross sections created in the
Solution.

IMOLR - Open Hat
IOLR - Closed Hat

[IoLR - Double Hat

180 [l 15-Double hat section

1;3 [ 19-Double hat & diaphgm
15,
140
120

Pesk Force [3a] 120
110

Specific Mass [%]
130

Squash Load [%]
~

DLR - Double Hat

18-Double hat section

15-Double hat & diaphragm
[20-Hexagonal double hat & diaphragm
121-Hexagonal section

A
Energy Absarption [%]

Mean Crushing Force [%]

| Peak Force
57.1994 [kN] - (100%)

|En Absorption
494379 [kNm] - (100%)

I Mean Crushing Force
49.4379 [kN] - (100%)

[ sEA
13 487 [<Nm/g] - (100%)
9.6 lkNm/kg] - (71.2%)

I Squash Load
52.8 [N] - (100%)
148.8 [kN] - (160.3%)

| Specific Mass
36656 kg/m] - (100%)
5.8776 [kg/m] - (160.3%)

DLR - Open Hat

DLR - Closed Hat 56.4252 [kN] - (174.1%) 56.4252 [kNm] - (114.7%) 140.3674 [kN] - (144.4%)

DLR - Double Hat
18-Double hat section
19-Double hat & diaphragm

5.8776 lka/m - (160.3%)
1.896 kag/m] - (51.7%)
1.877 [ka/m] - (51.2%)

148.8 kN1 - (160.3%)
53.3691 [kNJ - (57.5%)
827779 [<N] - (89.2%)

15.5518 [kNm/kg] - (115.3%)
13.2006 [khm k] - (97.9%)
12 7069 [chim eg] - (94 2%)

91.4073 [kN] - (184.9%)
25.0284 (kN] - (50.6%)
23.9508 (kN] - (48 2%)

91.4073 kN - {184,9%)
25.0284 kN - (50.6%)
238508 Nm] - (48 2%)

158.491 kN - (163.1%)
548056 kN - (56.4%)
72 4294 [N - (74 5%)

You can select as many Cross Sections as you wish to compare.

On the chart in the middle of the Compare Selected Cross Sections window you will see a
diagram illustrating the results of selected Cross Sections. On this diagram you will see the
comparison of results for Specific Mass, Squash Load, SEA, Mean Crushing Force, Energy
Absorption and Peak Force.

Each Cross Sections results will be illustrated by a line of a different color. The list of selected
Cross Sections and colors assigned to them is available in the column on the right-hand side.

Below the chart you can find a list of selected Cross Sections and their results for Specific Mass,
Squash Load, SEA, Mean Crushing Force, Energy Absorption and Peak Force.
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Compare Compare Cross Sections

Cross-Sections

COMPARE CROSS SECTIONS - CURVE COMPARISON

The "Compare Cross Sections” tool is enhanced with the functionality of curve comparison.
The user can compare result charts of number of selected cross sections.
The graphical comparison tool available in previous versions of VCS is accessible under the

"Radar” bookmark.

T Hadarl I*4 Axial Crushing

+= Bending = Tursjonl A= Lateral Crushingl 4+ D&'ﬂingl

Compare Selected Cross Sections [ <]
End Cross Section ‘0 - SpineLine/0 '5m'°::'§:mgm:g '+ Radar [ [} Adal Crushin L=, Torsion | 4 Lateral Crushing | 4= Denting |
omifed T LTI x O NG A&
- Simplfied 2084
Simpified 084 gandinig Morient [Nii] \ /
1854
. \ /
J e \\ I/
a 10000
7500 \
5000 P —
| —
2500 V’
0
.
-2500 !
[
-5000 )
7500
-10000 /\\ /
-1
\\ /I
Y 1
- -2 Ritatio Angle [dea]
50 60 30 0 30 60 a0 120
e | End Cross Section 2 - SpineLine/ - Section'- Simplified - Mo (plane{¥z}) End Cross Section 2 - SpineLine/ - Section’ - Simplified - M (plane{¥z})
End Cross Section ‘2 - SpineLine/3 - Section'- Simplified - Myy (plane [X2}) End Cross Section'2 - SpineLine/3 - Section'- Simplified - Myy (plane PZ})
End Cross Section 2 - SpineLine/4- Section'- Simplified - Mioc(plane{¥2}) End Cross Section 2 - SpineLine/4 - Section' - Simplified - Mo (plane{tz})
End Cross Section 2 - SpineLine/4- Section’- Simplified - Myy (plane D&} End Cross Section 2 - SpineLing/4 - Section'- Simplified - Myy (plane £X23)
%=125.729 y=-800.004 E1
Name [ Specific Mass [ Squash Load [ sEA [ Mean Crushing Force [ Energy Absorption [ Peak Force [
End Cross Section ‘2 - SpineLine/3-5... 4.4503 [kg/m] - (100%) 451.2313 [kN] - (100%) 62.2946 [kNm/kg] - (100%) 2772297 [eN] - (100%) 277.2297 [kNm/m] - (100%) 5081196 kN] - (100%)
End Cross Section ‘2 - Spineline/4 - 5...  3.4498 kg/m] - (77.5%) 345794 [cN] - (77.5%) 58.2918 kNm/kg] - (93.6%)  201.0852 N] - (72.5%) 201.0952 fehim/m] - (72.5%) 3714845 kN] - (73.1%)

Click on the "Choose series” icon in order
to select the curves you wish to compare.

T Hadarl I Axial Crushing + Bending |T£, Torsion

OLELIXO|EID B LA

Choose series

8 .
¥~ Choose series

o N

Series Name | Series Color

Cross Section "2 - Spineline/3 -

End Cross Section "2 - SpineLing/3 -
End Cross Section ‘2 - Spineline/3 -
End Cross Section "2 - SpineLing/3 -
End Cross Section ‘2 - Spineline/4 -
End Cross Section "2 - SpineLing/4 -
End Cross Section ‘2 - Spineline/4 -
End Cross Section "2 - SpineLine/4 -

Check all results you wish to
compare. Only the chosen series will
be displayed in the comparison
window.

Double click on a selected series to
change its color for more efficient

comparison.
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Results Report - Cross Sections

The command sequence :

File —=> New —-> Report: Cross Section leads to opening the VCS Report
Wizard which will enable you to automatically create a report of the selected
Cross Sections and their results.

Impact Design - Visual Crash Studi 8.0 - 2020,12.14 x64 - New project file -

New

'VCS Solution Thin-Walled Cross-Section Solid Cross-Section

= 75
N R

&

Cross-Section Templates Characteristics 2D (Points) Characteristics 2D {Programming) Characteristics 30

Report: Cross-Section Report: Super-Folding-Elements

Below the procedure of creating a Cross Section :
Report Wizard — ] X

Results Report is described (step-by-step). e
C ion 1

Step 1:
Cross Secton 5
After selecting the “"Report: Cross Section” tool a Eross Secton £

"Report Wizard” window will appear.
Select the Cross Sections you wish to include into the
report and confirm by Next button.

. Report Wizard — a >

S—teM C:oose parameters to show :
] Pmax

In the "Report Wizard” select the parameters from the o o

list that will be included into the report. You can also zg*“

name the created report. [ MmaxPos_XZ
] MmaxNeg_XZ
[#] MmaxPos_YZ
[#] MmaxMeg_YZ
] MaxTorgue
Mplast:c_xz

Step 3: L il
Squasl.'lload

After pressing the “Finish” button a table containing ﬂ:gj:

the report of the results of selected Cross Sections will H Onertoten

be automatically created.

This Report can be easily saved in an XLS format. Nome:  [Report 1

Previous | | Finish |
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Results Report - Cross Sections

Report is generated in a new window
and added to the Solution Explorer
Tree.

i [] Honeycomb barmiers
- [] Characteristics
=N orts

- L[] Report 1
[ Contact Pairs

”

The Report can be easily saved in “.xls
format after clicking on the “"Save” icon.

If changes are made to a cross section
that belongs to the report, the data can
be refreshed

Report: 'Report 1'

=
.

1 - Cross Section 1

2 - Cross Section 2

3 - Cross Section 3

. i . s
=T - — = 7 _‘_\_\_‘_‘—..
: s yin
— \._________/ —

Pmaoc [kM] 1598 2206 1594 3578 474 9601
Pm [kM] 75.74 67.8785 271.7454
Mass [kg/m] 5.5503 43349 41821
SEA [kd/kg] 13.6461 15.6586 649732
2H [mm] 44 41 31.02 3585
WMaoe Max(+) [kNm | 50302 0275 23367
Maoc Max(-) [kNm] | -5.1083 43525 19,6149
Myy Max(+) [kMNm | 10,5747 7.1899 75032
Myy Max(-) [kNm] | -10.9715 73402 5549
Tmax [kNm] 4 4076 341 8.0%6
Masz [kNm] B 2642 4753 18589
Mayy [kHm] 10.1718 7.0506 7072
To [kNm] 46931 39871 59703
Pa [kM] 253 4867 2087772 424 0438
Centr. X [mm] 14.83 562 -012
Centr. ¥ [mm] 1.05 1.98 -1.68
alpha [deg] -5.52 -4.34 -1.55

Chart

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).

By default, the compared parameter is the Pm [N]. There is however a possibility to change

the parameter after clicking on the “"Choose series” icon. Note that in the Chart window you can

compare several parameters simultaneously.

e

Report: '‘Report - - -
OLEIEOXOKEI BD| %S
277.879 - =
¥~ Choose series »
N /
247.879 Series Name T —
[I:Pmax [N]
Pm [M]
] Mass [kg/m]
217879 .| ] SEA Nm/kg]
1 2H [mm]
[ Mex Mae(+) [Nm]
G heiot e
1 Myy Maei+) [Nm]
187.879 - O Myy Maxts [Nem]
1 Tmax [Nm]
[ Mosex [Nm]
1 Moyy [Nm]
157.879 -~ [ To [Nm]
[ Pa [N]
[ Centr. * [mm]
[ Centr. ¥ [mm]
127.878 -4 [] Orient. [deg] /
97.879 /
67.879 / .
Hemma
x=1.483 y=278.712
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Results Report - Super Folding Elements

The command sequence :

File —=> New -> Report: Super-Folding-Elements leads to opening the VCS Report Wizard
which will enable you to automatically create a Summary of Super Folding Element data.

Impact Design - Visual Crash Studio 8.0 - 14164 - New project file -

New

VCS Solution Material Thin-Walled Cross-Section Selid Cross-Section

— O 5%
=

Cross-Section Templates Characteristics 2D (Points) Characteristics 2D (Programming) Characteristics 2D

Report: Cross-Sectien Repert: Super-Folding-Elements
Below the procedure of creating a Cross Section Report Wizard - o X
Results Report is described (step-by-step). [EEEn bies 255 Is
Cross Section 1
St 1 Cross Section 2
e H Cross Section 3
=lep L: Cross Section 4
Cross Sect!on&
A new "Report Wizard” window will appear in Cross Section §
which you can select the Cross Section that will
be taken under consideration while creating the
Report.

Step 2:

Report Wizard - O X
In the next step you are requested to choose _“";‘“ -—
which parameters of the Super Folding Elements 1
are to be included in the final Report. ¥l eps
You can also define the name of the new Report. Eﬂ;ﬂ

[ eps

Step 3:

Name : |SummaryofSFEdata
After Clicking on the “Finish” button a new

Report - Summary of SFE data will be generated Previous | |  Finish
(as illustrated above).

Report: 'Summary of SFE data’ - |} X
=]
la) & .
Pmax [N] or [kN] P [N] or [kN] 2H [mm] o eps max [1] Def. Mode Prax [%] Pm [%] 2H %] eps max [%]
» | Elemz0 22.027 [kN] 10.4293 [kN] 31.13 [mam] 05298 1] 0.1789 (1) Asymmetric_A | 11.09[%) 14.86 (%] 112,34 %) 7403 %]
Elem# 1 17,5422 (kN 97391 [kN] 2712 [mm] 05298 1] 01783 [1] Bsymmetric_A | B.83[%] 1387 [%] 97.85[%] 7403 [%]
Elem# 2 52.0654 [kN] 20.2131 [kN] 32.52 [mm)] 0.7633 1] 0.26[1) Asymmetric_A 28.22[%) 28.8[%] 117.36[%) 107.58[%]
Elem#z 3 30.5433 [kN] 14,2804 [kN] 25.82 [mm] 0.82111] 0.2773[1] Symmetric 15.38[%) 20.43[%] 93.16 %] 114.74[%]
Elem# 4 29,8108 [kN] 14.4251 [kN] 25.23 [mm] 0.8733[1] 0.2343[1) Symmetric 15.011%) 2055[%] 91.05[%] 122.03[%]
Elem#5 46.6034 [kN] 19.2951 [kN] 30.04 [mm] 0.7699 1] 0.26[1) Asymmetric_B 2347[%) 27.49[%) 108.42[%) 107.59[%]
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