crosssectionanalyzer

The fostest way uv Pre Design

Cross Section Analyzer is a tool for automatic creation and calculation
of various cross sectional design concepts

Cross sections are generated basing on user-defined design variables.
The software enables the definition of material, thickness and length
design variables.

One of the greatest advantages of the Cross Section Analyzer is the
speed of calculations.
Now it is possible to calculate thousands of design variants in seconds !

Search for the optimal solution with the usage of results filtering
functionality. Set the range of acceptable results values and find the
most suitable cross sectional designs.
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Cross Section Analyzer — MAIN VIEW 3

CSA main view is divder into 3 mail areas: Explorer window, cross section 2D view and
Properties widnow.

Main Toolbar Cross Section 2D View Properties window
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Explorer window

The Explorer window includes the basic cross section, list of imported materials, all defined
design variables and results reports. All elements of a CSA solution are grouped in appropriate
folders in the explorer tree.

Cross Section 2D View

In the cross section 2D view the geometry of an analyzed cross section is presented. It is
equipped with the selection and area selection tools which enable the user to select specific
elements of the cross section and assign them to chosen design variables.

Moreover, charts for axial response, bending response, torsion response etc. are available after
clicking on an appropriate bookmark at the bottom of the 2D view window.

Properties window

In the Properties window the user can view properties of any selected object od the Analyzer’s
solution. Results of the basic cross section can be checked as well as detailed parameters of
any plate or segment.

In case of materials, detailed characteristic of a selected material can be viewed

In case of a selected design variable the user can view, define and edit desired parameters.

Main Toolbar

File  Help Main toolbar located above the Explorer window
N ST TR guaranties easy access to main functionalities of the CSA.
Bw BB Ml X T Detailed description of CSA tools and functionalities will
. be given in later parts of this manual,
/ﬁ
Cross



MAIN VIEW - Explorer Window

The Explorer tree enables easy access to all elements of an analytical project.
All objects can be found in appropriate expandable folders.
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Cross Section - base for the analytical project
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Imported materials
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----- 1= Mild steel 325
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Double click on a chosen

material to open the Material

Editor window.

Detailed definition of a
selected material can be
viewed in the properties
window.
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Analytical Combination — set of design variables.
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Results Report

At the vary bottom of the
Explorer tree the analysis
Results Report can be found.

Double click on the report to
open the "Analyzer Report”
in which you can view and
filter results.

Thickness DV

Within the “"Analytical Combinations folder the user

can find separate folders for each available design

variable. All elements of a cross section assigned to

a design variable will be listed in the explorer tree.
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MAIN VIEW - Cross Section 2D view

In the cross section 2D view the geometry of the base cross section is displayed.
The window is equipped with selection tool — the user can easily select plates and points of the
cross section, view their definition in the properties window and assign them to a chosen

design variable.

N

Select Plates and Points of the
imported cross section

View result charts for mechanical
response of the cross section. Click on
an appropriate bookmark at the bottom
of the 2D view window.
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Area Selection

The user can select several plates
and points of a cross section
simultaneously by means of the
area selection tool.

Please note that all selected
plates will be marked by orange
color, all selected points will be
marked by red color.
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Material Editor

Double click on a chosen material in the Explorer
window to open the Material Editor window.

In the Material Editor the stress-strain curve is
displayed

Additionally, after selecting the appropriate
bookmark, you can view the strain rate
characteristic.

All information about detailed material definition are
available in the Properties window
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2D VIEW - Cross Section in Macro Element Method 6

Accordingly to the Macro Element Method (MEM) the VCS software enables the creation of a
simplified cross section model build of plates and segments based on Points.

All Cross Sections created in MEM consist of :

* Points
» Plates — created by connecting two Points
* Segments — build of Plates

« Super Folding Elements and possibly ¢ S—— ——

« Connections

- o
5 Cron Secton Edior [T, Asai g T 2 onang | I, Toron ] o LtwlCrning T Berira]

IMPORTANT NOTICE

Please note that a cross section purposed for analysis in the CSA needs to be defined with
accordance to the Macro Element Method.

Incorrect or too dense discretization of a cross section can affect the overall results.

In the picture on the left you can see an example
of a Cross Section modelled in MEM. Please note
that each segment has been marked in different
color.

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

The problem of radius modelling at the Cross
Section level is related to the definition of Super
Folding Element (SFE) and corresponding
modelling methodology (quite different then in FE
programs). 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 picture on the
right you can see the
comparison of a
simplified MEM model
(gray) and a typical
model created in
accordance to the FE
methodology.
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MAIN VIEW - Properties Window

In the Properties window the user can view detailed definition of any selected object from a

current CSA solution.

After selecting an object in the Explorer window all its
properties will be automatically displayed.

In case of a cross section the Properties window
includes not only information about the geometry and
assigned material but also detailed results.

[B=41 |3
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For any selected plate information concerning
thickness, assigned material and length are available.
Those data can be treated as reference when defining

design variables.
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In CSA it is possible to work with ductile isotropic
materials which can be defined in form of elastic-
plastic piecewise characteristic .

The Material is described by five groups of data in

HardeningFactor

Ductilelsotropic

216.007

108.004

WMassDensity

PoissonRatio
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YoungModulus

StressStrainCharacteristic

A=343. n=0.41, epsf=0.2, AD=ProofStress

StressStrainCharacteristicType
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Available the Properties window:

» Material Constants

» Stress Strain Characteristic
» Strain Rate Characteristic

* Hardening Factor

e Fracture Indicator



18 1) Open Cross Section for Analysis 8

File  Help
A A Y

Import a Thin Walled Cross Section previously created in any VCS or CCC solution.
All materials assigned to plates of the imported cross section will be automatically added to the
Analyzer Project.

1. Open cross section for analysis

Objecs mport S s S B In the “Object Import”
[ oietle i D window select one thin
Hat section 1.2 mm x 0.8 mm | VC5_C5_ThinWalled = I':aterial = Wa//ed Cross SeCtlon for
Referencelength | 156.24 further analysis.
SpecificMass 2.528 [kg/m]
SummaryOfCressSec’ SummaryOfCrossSection . .
Thickness Multiple thicknesses On the right hand side of
! o 2Reals e T— the window a complete set
AxislCompressior 92 of cross sectional properties
EnergyAbsorption| 23.626 [lNm./m] 4 H
PeakForce 52.4648 [kN] Is dlsp/ayed'
SEA 9.3457 [kNm/ka]
e e B84\ You can import one cross
TriggeringDent | 7.42 [mm] section for each analytical
TriggeringForce  Not defined .
[» BendingMxx M« fred principal ads) prOJeCt'
> BendingMyy Myy (blue principal axis)
= NentinaR DNertinn cmishina data h I
Import Selected |
- S —

After the import is completed the cross section is added to the Explorer tree and is
displayed in the main 2D view.

In the Properties window you can find detailed information about the cross section.

After selecting a plate in the 2D view you will be able to view its Properties (along with the
information about assigned material and thickness).

All materials assigned to plates of the imported cross section will be automatically added to
the CSA solution and placed in appropriate folder in the Explorer window.

11 E0, 0 E0, 0 ED)
(15. 32)

(-15. 32)

30

0

o Maximalinfidth calculation not complete
Required\width |calculati0n not complete

| calculation not complete

Important Notice:

Imported cross section needs to be defined accordingly to the Macro
Element Method requirements.



2) Import Materials from other solutions 9

You can import materials from any VCS or CCC solution - afterwards they can be used to
define Material design variable.

All imported materials can be found in the Explorer window. Their definition can be viewed in
the Properties window.

In order to import a material click on File; from the

Impact Design - Cross Section Analyzer drop down list select the “Import Material From Other
—|Fi| e | Help Solution” option.
S Select a VCS or CCC file from which you wish to
Open import materials and press Open.
Save
Save As Objectslmport o w0 & =
- objects:
n - j ame | Obiect Type [ ,E‘_EEAl |_';I
Import Materials From Other Solution bz Name = =15
PD g g]¥g :lu;nt‘iglu&rtlmigmde %‘mzz:: StressStrainCharacter Armay: [7] peints define ~
. 2024-T35Taluminium VCS_Material StressStrainCharacter Aray
Exit AIS1 1006 Stes! \CS_Material Stress StrainHardening 100 [%] isotropic
AIS] 4340 Steel WCS_Material Stress StrainHardening lsotropic
7033 aluminium WCS5_Material tres: Engi i
304 Stainless Steel WCS_Material 4 4_Strain- Rate Effects
5056 aluminium CS_Materal StrsinRsteCharacteris D=1.01 E+7 . p=7.531
AlS| 1045 VCS_Material :
. o 1 \CS fisen | SrerkeeTye  ComperSymonds
Mild steel 250 \VCS_Materizl - Fracture Indicator
In the "Object Import” list of all B stecl 250 i MesReducion O
H i i P Mid steel 325 VCSMaterizl D 1
materials included in the selected file | [t e 0 L
is displayed. _ _ HSLAT0 (12mm) | VCS_Mateid  —
On the right hand side of the window 30 ez Ml VS Mataid Guid 11674935 7bc47Tbbald:
. . . er Default
material properties can be viewed. Nes Mild steel 460 _
Select all materials you wish to import import Selected imporiAl_ | I impertDependent Objcts
and click on the "Import Selected” |
button.
' Impact Design - Crass Section Analyzer VCS MaterialEditor Farm [~ | E=
File Help . -
BB MEEEL @ i e e ‘ by e
E'JEIIQ Anatytical Project 381.497 HardeningFactor 1
P MassDensity 7900
e IM;t;":A‘satena\ 400 326.997 P;z:m;l‘;ltin 0.3
1% 1-Matenal 425 ProofStrain 0.002
 Materia ProofSt 400
- II/Z:: imzena: E HE Y;ungl‘a::ilm 200000
i L4 gahmcal Combination LR Stress StrainCharacteristic A=20. n=0.3. epsf=0.4. AD=P
E| Material Design Varables StressStrainCharacteristiy PowerLaw
i i M= Matenial Design Vaniable 163.400 StressStrainHardeninglay 100 [%] i
l? E' H'ﬁ:’;:::g:;;?i’t:::b‘e SlressStrainHardeningTﬂ lsulmpu:
- EI Centh Design Varizbles 108,999 Stress StrainMeasure Engineering
1 L&, Langth Design Variable : e
=28 Anar,mcm Combination 545 StrainRateCharacteristic D=0 E+0 , p=0
1 Eﬂlﬁ Material Design Variables StrainRateType | CowperSymonds
{2 Thickness Design Variables o' o . e = o = P‘““%{% :
- H‘e‘:?s Length Design Variables E pefined s,‘s(En‘ginearing‘) (=] énergy Equivalent s/s (Engineering) ’ grBaReduc‘tIDn ':
x=0.133 y=421.841 E

Sinass - Sirain || Rate Effects |

All imported materials can be found in the Explorer window.
Detailed definition of a material can be viewed in the Properties window.

Double click on a selected material to open the Material Editor window in which stress-strain
and strain rate characteristics are displayed.

CroOsSS C’
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Define set of design variables for an analytical combination

10

For each “Analytical Combination” you can define four types of design variables: material,
thickness, length and move point design variables.

EJE!I:% Analytical Project

id -Hewagonal hat

i 1=, Materials

E| = Comblnatmns

INCRE"4 Anahytical Combination
b0 Material Design Variables
----- IE| Thickness Design Varables
----- IE| Length Design Varables
----- {23 Move Points Desian Variables

Material Design Variable

Thickness Design Variable

Length Design Variable

Move Point Design Variable
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Design variables folders are located under the
“"Analytical Combinations” branch of the Explorer tree.

In order to open and define a chosen design variable
select the appropriate folder in the Explorer window.
Afterwards click on the design variable icon available
in the CSA main toolbar.

Newly created design variable will be added to the
fitting folder in the Explorer window.

Assign various materials to a selected plate or a group
of plates

Assign various thickness values within the defined
range to a selected plate or a group of plates.

Assign various length values within the defined range to
a selected plate or a group of plates.

Additionally define moving and/or restricted points of
the cross section

Change coordinates of selected points along a
predefined vector. Analyze various geometry variants

Create additional Analytical Projects

You can create number of analytical combinations within a single Analyzer Project. This enables
you to analyze even more design option within one Analyzer Project.

Ma Le Mg

B 1=
£ EEIEEIEEEII

[y

E] {Z2) Combinations

In order to create additional Analytical Combination simply
click on the icon in CSA main menu.

New Analytical Combination branch will be added to the
Explorer tree together with a set of folders for four types

of design variables.

Cross {}
ectl
znalyzer

2-£& Analytical Combination
{) Material Design Variables
i) Thickness Design Variables
4;_‘1 Length Desngn Vanables

) Material Design Vanables

42) Thickness Design Variables
{3 Length Design Variables
{Z2) Move Points Design Variables




ms  Material Design Variable 11

In order to open and define a chosen design variable select the appropriate folder in the
Explorer window. Afterwards click on the design variable icon available in the CSA main

toolbar.
s BB |iEne
Izl‘é"'zl ANanTcal Froject
-+ (HHexagonal hat In order to create a Material Design Variable click on its
E-1%, Materials

folder in the Explorer window.

Afterwards click on the appropriate icon in the main
toolbar.

Automatically a new Material Design Variable will appear
in the explorer tree.

L—“_llE] Combinations
EIM Anahytical Combination
I'L Material D:--uqn Variables

----- E] Length Design Variables

. “[) Move Points Design Variables E‘ A Combinations
-2 Analytical Combination E| & Analytical Combination
M5 P EWanables
L Repots [
P Ma

After selecting the Material Design Variable (double click in the Explorer tree) a “"Browse for
Material” window will appear on the screen.

In this window you can browse for all materials you wish to be automatically assigned to
chosen plates during the analysis procedure.

P e (Mifm~2]

"Browse for Material”
e S window includes a list of all
e imported materials.
For each selected material
the user can view its stress-
strain chart and properties.

E

Select number of required
materials and click on "OK”

After selecting a material design variable in
the explorer the its definition will be available
in the Properties window.

In the “Values” section of the Properties
window all defined material options are listed.

{Mild steel 460°, Mild steel 250, Mid steel 26
Mild steel 460
Mild steel 250
Mild steel 260
Mild steel 325

After the definition of Material Design Variable is completed a plate or a number of plates needs
to be assign to it.

The procedure of assigning plates to a design variable is described in later part of this manual.

~=| Each design variable can be removed from the CSA
‘ ]E” project after clicking on the “delete” icon in the main

Cﬂ n a Iyze r - toolbar.



. Thickness Design Variable 12

The Thickness Design Variable enables the user to assign various thickness values within the
defined range to a selected plate or a group of plates.

e
=-E& Analytical Project Ber HEE Y EEILEEE m=
-2 (FHexagonal hat ) ) i ) )
- E. Matena?s In order to create a Thickness Design Variable click on its
______ 1% Mid steel 325 folder in the Explorer window.
E+-E5) Combinations Afterwards click on the appropriate icon in the main
ElElL,? Anahtical Combination toolbar.

=1 Material Desian Variables Automatically a new Thickness Design Variable will appear
Wrsi] Thickness Design Variables in the explorer tree.

E| El Combinations
B- JI!& Analytical Combination
: El Matenal Demgn Warables

3 Move Poirts Design Variables
7] Reports

----- {E] Move Points Demgn Varables
1{] Reports

After selecting the Thickness Design Variable (double click in the Explorer tree) a “Thickness
Design Variable Editor” window will appear on the screen.

Thickness Design Variable Editor
[~ Define values: < In the “Thickness Design Variable Editor” you can set the
i Synthetic .. . .
i[5 minimum and maximum value of plate thickness.
g Additionally the increment needs to be defined.
Increment: IDS
l " Manual
?z <& Alternatively, after checking the “Manual” option, it is
z, possible to enter set of user defined thickness values.
3
In case the "Synthetic” option was selected, a list of all
thickness variants will be automatically displayed.
- The design variable definition procedure end by clicking
o« concel | [ ooy J€F———— ©ON the "Apply” button

Basing on the design variables definition the software will automatically create cross sectional
design variants, where prior selected plates will be given various thickness values.

In the Properties window you can view and edit the
design variable.

In the “Values” section a list of all thickness variants is
given.
{05115, 2,25 3}
Cption 1 05
Option 2 1
. . Option 3 15
Each design variable can be removed Opiion 2 >
G from the CSA project after clicking on Option § 25
ross L} the “delete” icon in the main toolbar. Optien & 3
SECt

gna'yzer



Assign Plates to previously defined design variables 13

Select plates and assign them to a selected design variable

=
» U ek rae o heploe V25,5 P

@ 0
23 Cotn Secon e [ i g | e | L= T | & Lo Gastirg | Doara]

Firstly select required
plate or number of
plates and afterwards
drag and drop them in
the appropriate design
variable (in the
Explorer window)

The procedure of assigning plates to a design variable done by means od a simple drag-and-

drop tool. The three steps of this activity are given below.

1) Select the required plate od number of plate in
the 2D view. You can use the area selection

/ \

/ \

option.

All selected elements of a cross section will be
marked in orange

(*) Please note that points are also
automatically selected when using the area

\
\.

selection. They will however not be assigned to
material nor thickness design variable

EIJ:’;.% Analytical Project
..... = (Hexagonal hat
EE Materials

at@ial Design Variables
- ickness Design Varables

= Design Variables
[ E| Move Points Design Variables
E| lﬂ F{eports
L B Analyzer Report

3) All assigned plates will be automatically added to the
chosen design variable in the Explorer tree.

After selecting a design variable in the Explorer window
all assigned to it plates will be highlighted in orange in
the 2D view window.

2) After selecting the required plates in the 2D view
drag and drop them in the appropriate design
variable in the Explorer tree.

=-{3) Combinations
=-£& Analytical Combination
) Materal Design Variables
E] {f;’J Thickness Design Varnables
E-gb T-DV-1

B L:) Move Ponts Des-gn Variables
&-Z] Reports
¥ Analyzer Report
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Length Design Variable 14

The Length Design Variable enables the user to assign various length values within the defined
range to a selected plate or a group of plates.

=-E& Analytical Project
it -Hewagonal hat
El-1%, Materials

Lol% Mild steel 325

E-L) Combinations

=- R!-i? Anahytical Combination
I E] I'u'Iate.-naI Des:gn ‘u’anables

Useful keyboard shortcuts:
Key: L — show lengths
Key: T - show thickness

B o
i

b= B o P
In order to create a Thickness Design Variable click on its
folder in the Explorer window.
Afterwards click on the appropriate icon in the main
toolbar.
Automatically a new Thickness Design Variable will appear
in the explorer tree.

EI IE] Combinations

i E| D@ Anahytical Combination

- JE] Material Design Varables
{El Thickness Design Varables

L45) Mave Paints Diesign Variables

Click on the cross section 2D view and use one of the presented

keyboard shortcuts in order to display plates length thicknesses
and / or lengths.

The Length Design Variable offers two definition options:
- Multiple Plates (the same length)

- Multiple Plates (slaves proportional length)

In the "Length Design Variable” window you can set the
minimum and maximum length value for chosen plate or
number of plates.

Additionally the increment needs to be defined.

Alternatively, after checking the “Manual” option, it is
possible to enter set of user defined thickness values.

g Length Design Variable (s o= bl
o ng sign Variable
—Variable type:
& Multiple Plates (the same length) <<
" Multiple Plates (slaves proportional length)
—Define ble values:
. <
& Synthetic: <
Minimum: I-i&
Maximum: IT-"5
Increment: |5
 Manual:
| 45 -
[ | |50
55
60
£ pd
70
75 D
oK Cancel Apply |
A

In case the "Synthetic” option was selected, a list of all
thickness variants will be automatically displayed.

Each design variable can be removed from the CSA project

after clicking on the "delete” icon in the main toolbar.



Le_ Length Design Variable

15

After the definition of Length Design Variable is completed a plate or a number of plates needs

to be assign to it, as well as a set of master and slave points.

The procedure of assigning plates to a design variable is described below.

1) Select Plate - during the analysis process CSA will
automatically create number of cross-sectional
design concepts in which this plates length will be
changed accordingly to the design variable’s
definition.

2) Drag and drop to previously defined Length
Design Variable in the Explorer window

El lEl Length Des:gn Wariables

Length Design Varables
EJ% L-Dv-2
& \ Bl 1-Plate

\ ----- M 2 -Point {20)

\ \ / 3) Select Master Point (moving point) - plates length

= will be changed in the direction of the selected
< point. In other words, only this selected point will
be "moved”.

4) Drag and drop to Plate in the Explorer tree

4\00

5) To one Length Design Variable several plates can
be assigned.

6) To each plate a moving point needs to be selected.

B, LDV-2

1 -Plate

.My 2 Point (2D)

B

3 -Flate

My 3 -Point (2D}

7) To each plate within a length design variable a slave point
be assigned. This point will be moved proportionally to the
movement of the master point.

The slave point will be moved along a vector parallel to the
master point’s plate.

c 0SS {.}
| t|
z2Nnalyzer

can

B3 Length Design Variables

L8y LDV-2

- # 15 -Point (2D)
E] — J-Plate
My 3 -Point (2D)




Le_ Length Design Variable 16

The Length Design Variable offers two options of multiple plate movement definition:
1. Multiple plates — the same length

2. Multiple plates - slaves proportional length

“anable type:
ultiple Plates (the same length) In case of the "the same length” option all plates

assigned to the design variable will share the same

length value.

You can assign several slave points to a selected plate

- (here marked in blue).

" Multiple Plates (slaves proportional length)

Slave points will change their position along a vector parallel to the master point’s plate
(see below).

@ Master Point j:,( /
®
O Slave Point
“ariable type:
" Multiple Plates (the same length) In case of the “slaves proportional length” the plate
@ultiple Plates (slaves proportional length) “attached” to a slave plate will change its length
proportionally to the master plate.

The slave point (marked below in blue) will change its position along a line tangent to its
original plate (see below).

Please note that in consequence of such plate-length change the angles between plates
of the cross section will remain the same.

/

— /

s/
@ Master Point /
O Slave Point -
@I‘ 0SS ~ 12

t| on
6] alyzer
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Move Point Design Variable

The Move Point Design Variable enables you to change coordinates of selected points along
a user-defined vector. This allows to analyze various geometry variants.

EI--";’E% Analytical Project

i (-Hexagonal hat

B-1% Materials

© LA Mild steel 325

EE] Combinations

E]El;lq Analytical Combination

--{) Material Design Variables
| Thickness Design Varables

Length Design Variables

{21 Move Points Design Variables

IE|1_£| Reparts
b1 Anatyzer Report

S

2w B eE s elelm)

In order to create a Thickness Design Variable click on its
folder in the Explorer window.

Afterwards click on the appropriate icon in the main
toolbar.

Automatically a new Thickness Design Variable will appear
in the explorer tree.

B Combirations
. E=E£, Analytical Combination
L) Material Design Variables
{2 Thickness Design Variables
{1 Length Design Varables
Eoints Design Variables

El_ﬂ Reports
e & Analyzer Report

After the Move Point Design Variable is created select required points in the 2D view (use
the area selection tool) and drag and drop them to the Explorer window.
All points added to the design variable will be automatically listed in the explorer tree.

-3 Combinations

K

Thanks to the “"Move Point” design variable it is possible to define the change of selected

points coordinates.

Position of chosen points will change along a user-defined vector.
For each point an individual vector can be defined. Double click on a point in the explorer
window to open the "Move Point Design Variable Editor” (see below).

Vector values:
X josl
Y: 0.3

Increment:

N

Define the vector values (X and Y coordinates)

Define increment and number of steps

17



me. Move Point Design Variable 18

Vectors defined in the editor window are displayed in the main 2D view as blue lines.
After clicking on a Move Point Design Variable in the explorer tree all assigned to it points will
be marked (red) and all defined vectors displayed (see below)

Point assigned to a Move Point Design Variable

User defined vector

IncrementStep
Maovellectorx 1
Maovellectory

Point (20)
-15
32

Additionally a Move Point Design Variable settings
can be viewed and edited any time in the
Properties window.

As a result of a fully defined move point
design variable the CSA will
automatically generate number of cross
sectional design variants, where
coordinates of assigned points will be
changed along the defined vector.
Please see the example below:

Original cross section

N N\ e

Examples of automatically generated variants of
cross sectional geometry.



View the List of Combinations 19

After all design variables are defined and all required elements of the cross section are properly
assigned the further steps of analysis procedure can be done.

Before conducting the CSA calculations it is recommended to check the list analytical
combinations.

ElJE:g Anatytical Project

- 1-Double hat & diaphragm Double click on a selected "Analytical

E-1%, Materials Combination” in the Explorer window.
1% O-Material 400 In the “Analytical Combination” window
1% 1-Material 425 which will appear on the screen you will
1% 2-Material 450 be able to view details of the design
1%, 3-Material 460 variants.

o-Ed In appropriate columns values for
rT:"E”E" Uesign Variables thickness and length design variable
P Material Design Variable are given. Materials used for each

= E' Thickness Design Variables design variant are listed in the “Material

R T"' Thickness Design Yarable ; : ”
Design Variable Column”.
EI IEI Length Diesign Varables g

------ seg Length Design Varable
E]F:!E,@ Fﬂahftlcal Combination

.ll_J_TI Reports
A
Analytical Con)ination - ; =
>
Combination Status 'I'hir.:_lmess ] 'I'I'1ict.+mess ) Mat_erial Design =
Id Design Variable Design Variable Variable -
3 b Created |06 08 0-Material 400
001 Created |06 0.8 1-Material 425
002 Created |06 0.8 2-Material 450
003 Created |06 08 3-Material 460
010 Created |06 12 0-Material 400 I
on Created |06 12 1-Material 425
012 Created |06 12 2-Material 450
013 Created |06 12 3-Material 460
020 Created |06 16 0-Material 400
021 Created |06 16 1-Material 425
022 Created |06 16 2-Material 450 B
023 Created |06 16 3-Material 460
100 Created (0.8 0.8 O-Material 400
101 Created (0.8 08 1-Material 425
102 Created (0.8 0.8 2-Material 450
103 Created (0.8 0.8 3-Material 460 :
110 Created (0.8 12 0-Material 400
111 Created |08 12 1-Material 425 On the very bottom of the
112 Created  |0.8 12 2-Material 450 “"Analytical Combinations”
13 Created  |0.8 12 3-Material 460 window you can find total
120 Created |08 8 -Viaterial 400 number of combinations
121 Created (0.8 16 1-Material 425 and design variables
2 Created |08 1€ ZMateral 450 - 1 contained in the selected
Loaded 48 combinations based on 3 Design Variables. _:5| Ana/ytlca/ Comblnatlon

——

In the presented example 3 design variables were defined (two
thickness design variables, one material design variable). Basing
on those definitions the software created 43 combinations.



B Calculate

The Cross Section Analyzer automatica

20

lly creates and calculates cross sectional design

variants (combinations) basing on the previously defined design variables.

In order to start the
calculation routine you
need to select an
Analytical Combination
from the Explorer window
and click on the
“"Calculate icon in the
main toolbar.

ety

u

£

Hama
Uses ek nme of e e (S, C5 Pl

L) .
53 oo Scton Etr [ 298 Gt | - barcng | L= Tomsn | - Lt Costng | ¥~ Gerg

Important notice:

You need to save the CSA project before the calculations.

Analyzer - Start Calculations

P;
Number of Cross Sections to Calculate:

Number of Processor Threads to use during calculation:

Number of logical Processors available:

In the “Analyzer - Start
Calculations” window you can see
the number of cross sections that

File Path: ZNDEVANALYZER\MARKETING MATERIALS\exampl

e 1.vesa

are to be calculated. In the given

example the software created 168

Start | Close |
T

cross sections

One of the greatest advantages on the Analyzer
software is the speed of calculations.

In the given example calculation of 168

cross sections took slightly over 5 seconds.
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Results of the cross sectional analysis are available in the “"Analyzer Report” window.

E--Jijlj:l‘f’ Analytical Project

i (l-Hexagonal hat
7%, Materals
=- lE] Combinations
l B# Anahytical Combination
@ Analytical Combination
=- I£ EEDnrts

oo v

HAEBEEET N

Click on the "Report” icon in CSA main toolbar after the
calculations are done.

A new “Analyzer Report” will be automatically added to the
explorer tree.

Double click on it to view calculation results in the Analyzer
Report window.

List of calculated The "Radar” window.
Analytical Combinations In this window a radar graph is displayed illustrating the
You can view results for all comparison of selected cross sections (only chosen results
calculated Analytical are taken into account).
Combinations or only for a
chosen one
Analyzer Report - Analyzer Report —
Combination Name [ #Caloulated | #Combinat Fadar | Line Chart | scal Crushing | Bending | Torsion | Lateral Cushing | Denting |
[l Analytical Combination 48 a8
[# Analytical Combination 0 0 [M000 - 1-Double hat & disphragm
[022 - 1-Double hat & disphragm
[E111- 1-Double hat & disphragm
{203 - 1-Double hat & disphragm
L ! 310 - 1-Double hat & disphragm
Parameter Name [ Fiter Min___ | Fiter Max__| Min [ Max [#n
[ Arez 260 390 48
[ Specific Mass 206 308 48
[¥ Asial Response - Energy Absorption 3154373 6366831 48
] Axial Response - PeakForce 027062 15412436 48 .
2] il Rosponse - SEA 1469 e " Torsion Respanse - Torque Fully Plastic. spanse - Energy Absarption
(1 Axial Response - Squash Load 104000 163800 48
] Axial Response, Selected Folding 3154373 6366831 48
] Adal Response, Selected Folding 199 2438 48
[[] Axal Response, Selected Foiding 4% €0 48
(1 Bending Moo - Energy Neg 359.86 75064 48
[ Bending Moo - Energy Pos 38498 8412 48
[ Bending box - Fully Plastic Moment 124591 186041 48
(1 Bending Moo - Peak Momert Neg 182526 123843 48
[ Bending Mo - Peak Momert Pos 122216 185149 48 Torsion Rasp
] Bencing Myy - Energy Neg 30023 85418 48
1 Bending Myy - Energy Pos 23043 85184 48
1 Bending Myy - Fully Plastic Momert 1792 284039 48
] Bencing Myy - Peak Momert Neg 280047 170082 48
(1 Bending Myy - Peak Momert Pos 170088 282047 48
[ Elastic Propeties - Adal Stffness . 52000000 78000000 48
(] Blastic Properties - Bending Stffn 1413898.. 19024418 48
[[] Blastic Properties - Bending Stffn 1898000.. 29543333 . 43
] Blastic Properties - lo 165594.91 24283876 48 E A¥Ta REEp0 sl BETTIT
D Blastic Properties - boc 7069491 9512209 48 07 - 1-Double hat & diaphragm - Cloned 203 89034 84 181 721.03 1826.55
] Blastic: Properties - yy 84300 14771667 48 08 - 1-Double hat & diaphragm - Cloned 20 876703 12 693.27 1809.87
] Blastic Properties - Shear Stffness. 1292307... 20461538, 48 09 - 1-Double hat & diaphragm - Cloned 199 B6683.58 15.73 668.97 1790.74
(] Blastic Propeties - Shear Siffness 7076923... 953846154 48 16 - 1-Double hat & diaphragm - Cloned
] Btastic: Properties - Torsion Stffne. 5564417, 77363428, 48 17 - 1-Double hat & diaphragm - Cloned 206 9043499 16.18 753.01 1847.01
Torsmn Response - Peak Torgue: 73788 1129.79 48 18 - 1-Double hat & diaphragm - Cloned 203 88886 99 18.04 71823 1819.85
Tursinn Response - Torgue Fully 77168 1165.82 48 19 - 1-Double hat & diaphragm - Cloned 2 8759589 1785 694.13 181018
27 - 1-Double hat & diaphragm - Cloned 2.09 9190363 17.55 785.98 1863.34
28 - 1-Double hat & diaphragm - Cloned 206 9024172 18.04 749.94 184149
29 - 1-Double hat & diaphragm - Cloned 203 8875795 1801 71891 1819.91
38 - 1-Double hat & diaphragm - Cloned 208 91675.96 16.03 783.17 1859.21
39 - 1-Double hat & diaphragm - Cloned 205 '90067.93 17.99 748.02 1835.32
‘ 49 - 1-Double hat & diaphragm - Cloned 208 91467.06 1759 78025 1852.17
€« [ H 1)
List of all available results. List of calculated cross sections.
In columns you can find the Displays all cross sections which fulfill the filtering
minimum and maximum limitations, or all calculated cross sections if no filter has
values detected within the been defined.
group of calculated For each cross section selected results are shown.
combinations
In this are you can also
define filters.
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Apart from the "Radar” functionality the Results report includes the Line Chart bookmark
which enables more detailed analysis of selected cross sections.

In the center of the "line chart” view lines representing Colorful lines
results for number of selected cross sections are displayed. represent results for
prior selected
In the example presented below: response.
* Blue line represents results for axial response - peak In the given example
force. lines for 6 results are
displayed.

* Results are given for 4 selected cross sections.

* One selected cross section is treated as a reference point
to which other values are compared (in percentage rate).
In the given example the third cross section is selected
for reference, and therefore its results are given 100%

value.

Radar. Ling Char] ial Crushing | Bending I Tarsion | Lateral Crushing I Derting I

puip o
) ..'Speciﬁc Mass
.AX.E| Response - PeakForce
DAX.E| Responsa - 5EA
1 } *g .AX.E| Rasponse, Selected Folding Mode - Mean Crushir
.Eendlng Mz - Enargy Neg

.Eendlng M - Energy Pos
M 1]
100:00 4
I

100.5

' 100 %

S8405

«

e hat & diaphragn
e hat & diaphragn
o hat & diaphragm

e hat & diaphrag

On the "Y” axis percentage values are Chosen cross sections are listed on the "X”
given. axis.
In order to add or remove a cross section
simply check or uncheck it in the "List of
calculated cross sections” window.

”"I"OSS {3
SEC I
alyzer




' Results REPORT

Additionally the results report is enhanced with the
functionality of curve comparison

The user can compare charts for axial response,
bending or torsion of number of selected cross

sections

Each line represents
response curve of one
selected cross section.

In order to add or remove
a cross section simply
check or uncheck it in the
“"List of calculated cross
sections” window

23

o T

8286.379

5524253

2762.126

——

————_ |
-2762.126 —

-50524.253

Y

-8286.379

\/

Rotation Angle [deg]

-25 0 25
E' 0-Thin Walled Cross Section (Part: 114_raillowerouterL)- Miox (plane{Yz}) ~[=] 0-Thin Walled Cross Section (Part: 114_raillowerouterL) - Myy (plane i@}
e atetlo n i =B n e e P

Double click on a selected cross section from the list to open its individual window

Cross Section Editor - 29 - 1-Double hat & diaphragm - Cloned

256.5421 fom 2]

/" TN\

O-Material 400

96.27

20267 kg/m] .
SummaryOfCrossSectionData

1

Axial erushing data
Mok fred principal ands)

Myy blue prncipal axis)

i

derting erushing data
esign flaws and

Elastic response data
Lateral crushing data
Torsion response data °

B per
LaterzlResponse
TorsionResponse

User defined name of the object.

Moreover, you can view properties
of any selected element of the

Ccross section.

View the geometry of the
selected design.

All results are available in
the Properties part of the
window

Additionally result charts
are available under
appropriate bookmarks.

Cross Section Editor - 10 - 1-Double hat & diaphragm

L-¢ro o BRE-XBOE[ 4N EKE

x=37.87 =180 Platels) intersections

L1
a
£
]!
3
4
H
5] Guid 55045020 603642100697 T6b2cas05c
‘l L Layer Defauit
‘ 1 1
o B @ o8 o
Name
User defined name ofthe segment (VCS_CS._Segment)
20 o 2

L Cross Section Edior | 12 Acal Crushing | * Bending | - Torsion | o~ Lateral Crushing | 4= Denting | ‘r




Results report - FILTERING

24

Double click on a selected parameter to define the results filter

Combination Name | #Calculated | #Combinations
Analytical Combination &0 &0 I
Analytical Combination o 1}
1. Double click on a selected
parameter
Parameter Name | Fitter Min | Fitter Max | Min | Max | Hin |
| P2 JR1.A41 10 £0)
Specific Mass 199 245 &0 :
|| Axial Response - Energy Absomption M24617 3882557 [51]
Auial Response - Peak Force 86683.58 11028293 &0
Auial Response - SEA 15.73 181 &0
[ Axial Response - Squash Load 100565.57 124000 60 L i
[ Axial Response, Selected Falding ... 324617 38829.57 Define Report Filter
[ #uial Response, Selected Folding .. 171 2216
[[] Axial Response, Selected Folding ... 0 54 —P:
| Filter Name: |Specic Mass
2. Define the acceptable minimum and e s
maximum Va/ue Maximum to accept: |2.1|
(the maximum and minimum results are Minimum: [1.5862
given for reference) Maximum: a9
2. Click "OK” oKk | cancel

The filter is now defined. You can see the number of cross sections within the filter’s range in

the “In#” column (see below).

In the "List of calculated cross sections” window only those cross sections which fulfill the
filter’s conditions will be listed (as long as the filtered parameter is checked).

Number of cross
section which are
contained within the
filter’s range.

On the top of the

report window
additional
information about
common set of

Parameter Mame | Fitter Min | Filter Manx | Miry | Max | Hin |-
[ Area 751 41 310
[v] Specific Mass 158 21 1.99 245 ( 15
|| Axial Response - Energy Absomption 324617 3882957
Ayial Responze - Peak Force 26683.58 110282593 60
Axial Response - SEA 15.73 18.1 &0
[[] &sial Response - Squash Load 10056557 124000 &0
Analyzer Report - Analyzer Report '
il Common Set: 80) Full Set: 450
Combination Name | #Calculated | #Combinations |
Anahytical Combination 450 450
Parameter Name | Fitter Min | Filter Max | Min | Mz | Hin |
Specific Mass 141 15 141 212 134
Modal Response - SEA 23 2445 16.94 24.46 153

cross sections is
displayed

"Common set” gives the number of cross sections which fulfil the

requirements of all defined filters.
In the example presented above 2 filters were defined (for specific

mass and SEA).
From the total number of 450 calculated cross sections 80 fit in the

range of both filters.




[1 Export - RESULTS REPORT 25

Selected results of the Analyzer Report can by easily exported after clicking on the “Export”
icon available in the report’s main toolbar.

e — =]
Combination Name
] Analytical Combination 450
Wecron2
Weci o
[lact. 0130
Wach, 0131

] E

Parameter Name [Fermin T Fier Max [ Min

5 FLH
] Spectic Mass 141 15 141
] Aial Response - Energy Absorption 075
[#] Axial Respanae - PeakForce 8581
[ Adel Response - SEA 2 2045 1694
[¥] Axinl Reaponse - Squash Load B267.
[ Avcal Response, Selected Folding . 75
] Avcal Response, Selected Folding . 179
[¥] Awial Respanse, Selected Folding ... 42

] Bending Mo« - Energy Neg 2832
] Bending M« - Eneray Pos 3371
Bending Mo -Fully Plastic Moment 9678
] Bending Mo: - Paak Moment Neg 16
] Bending Moc - Peak Moment Pos 1148
] Bencing Myy - Energy Neg 2694
[T Bending Myy - Energy Pos 298%
2 Bending Myy - Fully Plestic Mement 1397
[ Bending My - Peak Momert Neg 201
L] Bending Myy - Paak Moment Fos 1470
] Blastic Propeties - Ausi Stffness . 3581
[ Biastic Properties - Bending Stfin .. 7977
] Biastic Properties - Banding Stifn 1233
] Blastic Fropesties - lo 018

1. Select results which are to
be included in the
exported report.

Only the selected results will
be visible in the exported
document.

Blastic Propeties - box 3988 =
¥ Bt Popetes - by 6169 D‘ !|
Blastic Propeties - Shear Stffness. 2506 | 1ACT 0112 ki
] Eiastic Properties - Shear Stifiness. .. 5941, [LJACL 0113

] Biastic Properties - Torsion Siifne. 3524 | I ACT, 0121

] Tersion Respanse - Pesk Torque gaat |CJACIL 0122

2 |Oact.mz
Cact, 0124
EAct 0130
lact.on
[CAct. 013z
ClAct.o133
CAct. o140
CIact. 0141
Pl e
< " J 3

5] Torsion Response - Torque Fully ..

2. Choose cross sections which are to

be included in the exported report.
3. Click on the "Export” icon. The results of selected

cross sections will be exported in a .html
document.

M@@ The Exported document contains basic

clo o LI informati b h Iculated lytical
: information about the calculated analytica
Analyzer Report combination.
Analyieal Comeiations The list of prior selected results is available
Anaitical Combination Name Number of Calculated Cross Sections Number of Cross Sections . . . .
e = = together with information about filters
Fiters definition.
Filter Filter Numbaer of Cross
Filter Name Min Max Min Max Sections B
i v e e
Spectc Mass 6 18 16 212 194 o e — (i & b
[ test Zhemihemi XY -
Axial RESponse - Eneigy AbSofplion 30759.82 38511.09 450 = —
i 501 10y p! clo = @
PR e e e _ :
Cross Sections
TR D pm @ om O
Axial Axial
Axial Response - Squash Load 8267533 10892284 450 Response, Response, Axial
N Selected Selected Response,
Axial Resgonse, Selected Folding Moge - Mean Crushing 075982 3BS1109 450 Folding  Folding  Selected  Bending Bending
Force Axial Axial Axial Mode-  Mode-  Folding  Mxx-  Myy-
i T K s i e e e e N
s o o s g e wn s " e N ) \
Name Area  Mass  Absorption PeakForce -SEA Load Force Wave Angle Moment Moment - bxx H
Axial Re ted Folding M LT An 4 & 1
IR R R TS 2 = = ACY. 27368 143 33796.01 8702969 2365 8381037  33796.01 18.41 4 100684 141248 4360435
Bending M - Fully Plastic Moment 96768 1000.99 450 on2
Bending Myy - Fully Plastic Moment 13979 1855 34 450 Ac; 2298 142 2059308 8672132 2366 8350472 3359308 1841 4 100363 141045 4244181
Elastic Properties - lix 3908952 5390682 450 |
o O GO LD B oW e O Ok T oD Oony
Elastic Properties - Iy 6163852 978763 450 0130 |
S v e o Jh N G e WeE: G S S’ dan e oS sl Jesm
Torsion Response - Torque Fully Plastic 5T 6406 450
Radar Chart
@c oz
3 oo
[@cr. 0130
Wecr. 01

Afterwards you can find in the document a
table covering results for previously selected
cross sections.

Additionally the report contains the Radar
Chart, Line Chart and curve comparison view

ross .o .
_ection
analyzer




B Export - CROSS SECTION 2%

Each cross section generated during the analytical procedure can be saved and afterwards
opened in VCS of CCC solution.
The "Save Selected Cross Sections” icon is available in the main toolbar of the Analyzer Report.

Name | Speciic Mass | Awial Respanse - PeakForce | Axial Respanse - SEA | Bending M - Fully Plastic Moment | Bending My - Fully Plastic Moment |
107 - 1-Double hat & diaphragm - Cloned 203 ¥ 181 721.03 1826.55
108 - 1-Double hat & diaphragm - Cloned 2m 18 1809.87
109 - 1-Double hat & diaphragm - Cloned 1.99 . 15.73 1790.74
6 - 1-Double hat & diaphragm - Cloned g /.53 & 6
[[117 - 1-Double hat & diaphragm - Cloned 206 A 16.18 . 1847.01
118 - 1-Double hat & diaphragm - Cloned 203 . 18.04 . 1819.85
(119 - 1-Double hat & diaphragm - Cloned z . 17.95 3 1810.19
127 - 1-Double hat & diaphragm - Cloned 209 . 17.55 . 1863.34
128 - 1-Double hat & diaphragm - Cloned 206 18.04 1841439
25 - 1-Double hat & diaphragm - Cloned 203 . 18.01 A 1819.91
[[138 - 1-Double hat & diaphragm - Cloned 208 1603 1859.21
[[139 - 1-Double hat & diaphragm - Cloned 205 . 17.59 . 183532
[#] 49 - 1-Double hat & diaphragm - Cloned 208 17599 185217

Select all cross sections you wish to save. You can export several cross
sections simultaneously.

=8 Solution After opening the saved file in VCS or CCC you will find
E{:l Cross Sections all previously selected cross sections in the Solution
SR Thin-Waled Cross Sections Explorer tree.
{1 0-Double hat & diaphragm Additionally all materials assigned to plates of saved
E-IL ACT, 0112 cross sections will be automatically added to the
&I AC1, 0121 solution.
1 ACT 0130
- E-LL ACT, 0131 :
{El Solid Cross Sections
12| Materials o s A0 S - 8
MNodes h4-€-o A0 EE- x&u)ﬁﬁ*x;%@{zﬂ. mangi] }
=-{=] Beams I ‘5 fl
i lya| SuperBeams 2 |
- Solid Beams = f
..l #| User Defined Beams |2
Q SuperJoints y |
-7 Rigid Bodies |
@ Spheres e m—
@B{I}I{ES ~&-o o% B ~ (0] FHAXKBIE.IF -
...... 1. Cones
) Solution Explorer I[_C_J;' Search |_::.._..?" Layers |

rEHREPLDADS
L]

Double click on a chosen cross - -
section to open it in the Cross T »

Section Editor and to view its e P e FAT o )
definition in the properties e e S — R ]
window. D=l _




