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Part 43 - Deep-Drawing Simulation with the FEM System
MEANS V14

A deep-drawing process is simulated using the FEM system MEANS V14
(www.fem-infos.com). Mesh generation and the evaluation of results are performed
using the pre- and post-processor of MEANS V14, while the non-linear FEM
analysis is carried out via the open-source solver CalculiX with an FEM-INP
interface developed by HTA-Software.

Drawing force

Holding force

Die

For non-linear contact analyses, the implicit solvers from Abaqus or Ansys are
recommended. However, it is also possible to determine key parameters - such as
radii, clearances or material properties - using a cost-effective FEM system like
MEANS V14,
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1. Creating a DXF Model

Launch AutoCAD and insert the deep-drawing image shown above into your
AutoCAD drawing using the "Paste" command to serve as a template. Since the
model is symmetrical, it is sufficient to trace only the left half of the contour using
simple lines.
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Finally, remove the image using the "Cut" command and save the contour as a DXF
file for use with the MEANS DXF interface.
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2. Importing the Sheet blank in Line Mode

R
Launch MEANS V14 using the Desktop icon % and follow these steps:

® Use the "New" tab to import the DXF file.

3 | Import:

STL |Z| | |

Export: |

STL-ASCII/BINAER

CAD pxr14-2024

IMP-File Abaqus/Gmsh

~hg

® Go to the "View" tab and select "Node Mode" to edit the nodes.
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® Use the ,Node-Size“ and ,Number Nodes* options to display all 44 nodes
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® \While in "Line Mode," use the "Check Nodes" function with a capture radius of
0.1 to remove any overlapping nodes, leaving a total of 22 nodes.

o5 Please wait... 2 O ot

without Chech:

Structure model has 44 nodal points and 22 elements and 1 element groups

with Chech:

Structure model has 22 nodal points and 22 elements and 1 element groups

Tolerance: 0.1

Delete nodes which are not connected to an element

[] With comecting of loads and boundary conditions

Cancel only Hidden-Line Check nodal points

® Use the "Coordinate Factor" option to multiply the X-coordinates by -1

o5 Coordinate Factor - O o
Input Factor
(® Multiply (") Divide
() Add (") Replace
Change Axis

(O) Change s-values with y-values
(O) Change s-values with z-values

{0) Change y-values with z-values

Change Coordinates

X Coordinates [ | ¥ Coordinates  [] Z Coordinates

(] Using the selected nodes

from node:

to node:

. %) —
P

Coordinate Factor: 1|

[] Maoving point @ # 0 / Dthrough the node:

Change Coordinates with a Factor

® To shift the punch 15 mm upward, select the "Edit FEM Project" tab. Use the
"Element Groups" menu and drag a rectangle over the punch to assign it to
Element Group 2 (EG 2); then, click the color box to set the color of EG 2 to red.
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® To move the stamp upwards by 15 mm, select the "Edit FEM Project" tab and,
using the "Element Groups" menu and the "Draw Rectangle" tool, convert the
stamp to element group 2. Then, click the color box to assign the color red to

element group 2.
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® In "Node Mode," display all nodes belonging to Element Group 2, then use the
"Coordinate Factor" function to add "15" to the Y-coordinates of these nodes.

® Use the "Coordinate Factor" function to set the origin (zero point) at Node 2,
ensuring the blank is positioned precisely between 0.3 to 2.175.

() Change x-values with y-values

() Change x-values with z-values

() Change y-values with z-values

Change Coordinates

¥ Coordinates ¥ Coordinates Z Coordinates

[] Using the selected nodes

from node:

to node:

Coordinate Factor: | 1 |

Moving point 0 /0 / 0 through the node:

Change Coordinates with a Factor

-40/2.175 59 /2175
[ ]
-40/0.3 59/0.3

® Inline mode, select "New" to display a new node (node 23), enter the
coordinates -40/0.3, and select "Create single node." Repeat this process for
node 24 (59/0.3), node 25 (59/2.175), and node 26 (-40/2.175)
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Knotan manipulisren

Knotenbersich kopieren
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® Then, use the "Create lines" menu to connect the four nodes: 23-24, 24-25,
25-26, and 26-23

® Create all four element groups by "drawing a rectangle" so that the entire
structure can be generated in one step.
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® Use the “Coordinate Factor” menu to set the origin at node 23, ensuring that the
axis of rotation lies at X=0.

® Save the line model to the hard drive under a name of your choice.
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3. Triangular and Quadrilateral Meshing

® A triangular mesh is created first, serving as a template for generating a
quadrilateral mesh using NETGEN.

® Seclect the "Mesh Generation" and "2D Mesh Generator" tabs to mesh element

groups 1 through 4 with an element density of "5," and ensure the "QUAD-
Quadrilateral Mesh" option is checked.

w Fips Vi BApsh Generation Ediit FEBA F‘rc!jn:u:! FEM-=Analysic chmm«:quir.ﬂ
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g2 0 Mash Generaticn — ] S

tege Bemert Group. |1
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Blemem Ty | TRIZS

Wagh Density: | &

| w

Enap Radus __EE-:E

4] QUAD-Mesing

] 30:Estrsicn

Chask Madee Satna Mo

Cancel Help MESH GEMERATICN

® After the triangular meshing process, another dialog box will appear; select the
option "Generate QUAD mesh with NETGEN" from the menu.

o2 Quad Meshing / Refine / Converter / Extrusion

Quads Refine Converter Extrusion Rotation Delste Tum  Mimor

{For generate a Guad mesh you need a 20 triangle mesh or a STEP-File)

[] 2D Guads with STEP-File and NETGEN

Generate a QUAD Mesh with NETGEN

Please note: Export in MNetgen the file test fem not in the Debug'mesh path but in the

Debugiquadmesh path to generate Quads {only by nat full write pemission)
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® In NETGEN, the triangular mesh is displayed in blue; use "Generate Mesh" to
create a QUAD mesh, and then use "Export" to save the mesh as "test.fem" in
the "debug/quadmesh’ directory. Do not perform any mesh refinement, as this
may cause errors when importing the file into MEANS.

File Geometry Mesh View Refinement Special Help

Load Geemetry.., <l==g=

Save Geometry...
Recent Files 2

Load Mesh... <l am=
Recent Meshes L4
Save Mesh.., <5xam>
Merge Mesh...

Impert Mesh..,

Export Mesh...

Export Filetype L4

Save Solution...
Import Selution...
Show Demo...

Snapshot...
Video clip L4
Save Opticns

Run tests ...

Quit <g>

v

® Once the model has been verified, the QUAD mesh will be displayed in MEANS.
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4. Hexahedral model with 180-degree rotation

® Select the "Mesh Generation" tab, the "Quad Meshes, Refine, Delete" menus,
and the "Rotation" tab within the dialog box; then, create a revolved model with
a mesh density of "18" and an end angle of "180" degrees (for a half-model).

® Enter an X-value of "-0.1" for the axis of rotation to prevent the generation of
unstable pentahedral elements during the rotation process..

w Datei Ansicht | Metzgenerierung | FEM-Projekt bearbeiten FEM-Analyse Ergebnisauswe

3D-Netzgeneratoren EFH T : Knoten-
i’ e Quad-Metze, Verfeinern, Lischen i
Lokale Netzverfeinerung B Jacobi-|
|| 3D-Netzgenerator mit STEP, 5TL, IGES 5|/ 2D-Netzgenerator I Metze manipulieren M MNe
“E‘ Cuad-MNetze, Verfeinern, Laschen.... == O >

Vierecke Verdeinem Konverter Extrudieren  Potiersn  |gschem  Drehen  Spiegeln

Es wird ein Balken-, Dreiecks- oder Vierecksnetz mit Z=0 benctigt

Metzdichte Uber Umfang = (®) Vertikal um die Y-Achse
X-Wert der Rotationsachse () Horizortal um die X-Achse
Eroviks -

. b | | uwpo | [ 3D-Rotationsmodelereugen | | Cancel |

® Following a model review and a Y-Z axis swap with a coordinate factor, a
hexahedral model is obtained, consisting of 11,736 elements, 15,314 nodes,
and 4 element groups.
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5. Defining Boundary Conditions

® Create element groups using the surface model, ensuring that the sheet metal
blank (forming plate) is assigned to the final element group, EG 4.

Element Group Designation Boundary Conditions and Restraints
EG 1 Blank holder Fixed in X, Y, and Z directions
EG?2 Punch Fixed in X and Y directions;

prescribed displacement of -80 mm
in the Z direction (at the top)

EG3 Die Fixed in X, Y, and Z directions
EG4 Sheet metal blank Fixed in X and Y directions at the small

central surface; front surface fixed in
Y direction (due to symmetry)

® Display EG 1 and EG 3; apply fixed restraints in the X, Y, and Z directions to all
surfaces of the blank holder and the die.

® Display EG 2; apply fixed restraints to the punch in the X and Y directions, and
specify a displacement of -80 mm in the Z direction (at the top).

® Display EG 4; apply fixed restraints at the center in the X and Y directions, and
fix the front surface in the Y direction (due to symmetry).
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6. Creating Contact Surfaces

Point loads are treated as contact nodes, and surface loads as contact surfaces,
provided that "Contact Analysis" is enabled in the material non-linearity dialog box.
Under these conditions, the following three load cases are defined:

Load Case 1
Point or surface load representing the external load.

Load Case 2
Point loads (for 2D elements) involving MASTER contact nodes;
Surface loads (for 3D elements) involving MASTER contact surfaces.

Load Case 3
Point loads (for 2D elements) involving SLAVE contact nodes;
Surface loads (for 3D elements) involving SLAVE contact surfaces.

Follow these steps to define the contact surfaces:

® In the "Edit FEM Project" tab, define Load Case 1 by applying a small point load;
note that the external load is already defined via the specified punch
displacement of -80 mm.

® Define Load Case 2, which includes the MASTER contact surfaces, by applying
surface loads to the lower blank holder plate, the upper die plate, and the
underside of the punch.

w Files View Mesh Generation Edit FEM-Project

F ) .:Su rface Load :j D—+ Bound

Loads Point Load ndary-Conditicns Shor

Line Load

Surface Load

S S VN

® Load case 3, involving the SLAVE contact surfaces, is generated by applying a
surface load to the top and bottom sides of the sheet metal blank.
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7. Material Nonlinearity with Friction

® First, select "Edit FEM Project" and "Material Data," then enter a Young's
modulus of 210,000 MPa and a Poisson's ratio of 0.3 for all element groups.

'99. Edit Material Datas — m %
Mame Materal Datas

b 210000
Poigson Ratio 3
Density 7 600007E-DR

Heat Coefficient 1E05

Element Group: | 1 Element HEXS £ >
(®) |sotrop () Anisotrop
I Matenal Data Base I

| Copy Material Data |

® Next, select the "FEM Analysis" tab and choose "Material Nonlinearity."

Files Wiew Mesh Generation Edit FEM-Project | FEM-Analysis

4
e Structure Model
| Matenal Nonlinear Select FEM-5clver
]
i,

Muodel Dimensions
Statics

Select FEM 1o Structure Info 15

Dwvnamics
Temperature
Buckling

Geometric Monlinear
Contact-Analysis
Material Monlinear

Formoptimization

® Select “Nonlinear with Hardening Isotropic” or “Nonlinear with Hardening
Combined,” choose the “S700” stress-strain curve, accept the default settings,
and enter a friction coefficient of 0.1 for sliding friction between the contact
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o5l Add-Ons PLASTIC and COMTACT = O >

Material Laws:

() Linear Elastic

(") Monlinear with Hardening lsotrop
() Monlinear with Hardening Kinematic

{®) Monlinear with Hardening Combined

Hyperelastic Laws:
() MOONEY-RIVLIN () NEO HOOKE

() OGDEN () HYPERFOAM
Select a Stress-Strain-Curve from the Database Edit
Plat Stress-Strain-Curve Flot Stress-Displacement-Curve

Material: STEEL 5700

Large Displacements with MLGEOM

MNumber of Increments 300
Start Time: 02

_.
ol
-

Minimale Time:
Maximale Time: .[jef.au.ﬂ
Cortact Analysis

LOADS Loadcase:

MASTER Loadcase

SLAVE Loadcase:

[] with Friction

=]

CANCEL START NONLINEAR FEM-ANALYSIS
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8. Postprocessing

Select the "Postprocessing" tab and choose the final load case, 17, to display the
deformation and stress distribution.

8! Postprocessing B O X
Resuilts:
Loadcase: ‘v Fead all Loadcases
() Contour of Displacement 7
(@) Modal Stress Contour (R g orces
() Element Stress Cortour @E ‘; Forces
&
Accuracy’; g
Edit Accuracy: L ?[:- ment Factor
l L H ::; s for Legend
. 13
1 2 4 8 L Fid 14 n, Save Values
15 2
Cut-SuLle h Range of Nodes

Select Result Component:

von Mises Stress L

Cancel | | Startt Postprocessing

Max. Displacements in Z Direction on the Punch = -9.02 mm

'Q Demo FEM-System MEANS V14 - Strukturdatei C\projekte\tiefzichen\autocad\ hex8_gut3.fem
e7m -

Datsi  Ansicht  Netgenerierung  FEM-Projektbearbeiten  FEM-Analyse | Ergebnissuswertung | Training
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ion i Dateien listen s Bemessung/Nachweise 1
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inZ-Richtung

01630
-1.1493
24817
3770
50864
63987
- 90234

Bearbeiten  [] [+




Part 43 - Deep Drawing Simulation with the FEM-System MEANS V14 114

Max. Displacement in Z Direction on the blank = - 7.92 mm

Demo FEM-System MEANS V14 - Strukturdstei CAprojekteltiefzichen\autocad\hex8_gut3 fem = X
proj g
/ (2 OiEs

Datei  Ansicht FEM-P FEM-Analyse | Training

Knotenwerte picken Legende 1 - Verformungsfaktor FEM INP "
2 i ik 2k
[ Ergebnisse auswerten 4 [Dehnungen aus Span - |
Knotenwerte editieren “ Dag mml id Value-Animation ~ “ STA  FRD (f

ige 12 = i imation 1 Dateien listen 15 Bemessung/Nachweise 1=

LASTRALL= 16 B

Max. tensile stress = 1,945 MPa and max. compressive stress = -2,425 MPa

80 Demo FEM-System MEANS V14 - Strukturdstei C\projeld tifzichen! autocad! hexd_gut3 fem - 5

QfiM

Datei  Ansicht FEM-P! [ Training

‘ bi [ Ergebnisse auswerten ‘
6

Knotenwerts picken FEM NP

Knotenwerte editieren

[legende® |
\nagramml amm1 - |

Dehnungen aus Spanr ~ ‘

Bemessung/Nachweise &

STA FRD

Dateien listen 15

Skalieren/Animation 1z
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9. Diagram Evaluations

Select the "Result Evaluation" tab and the "Stress-Strain Diagram" option to clearly

evaluate the result progressions for load cases 1-17 in the form of diagrams.

neraticn Edit FEM-Project FEM-Analysis Postprocessing Trair
and Search Legend 1 - Displacement-Factor FEM INP
Jalues Diagram 1 |E| Value-Animaticn - STA  FRD
H]
it Values o List Table rfAnimation List Files a
Diagram 1

Stress-Strain-Ciagramm

Mew Diagram
The following diagrams can be displayed:

Stress-Strain
Stress-Displacement
Load-Displacement
Loadcase Displacement
Loadcase Strain
Loadcase Stress
Loadcase Load

85 Read Load Case 17/ 17

Anzahl Lastfalle = FEM-File:  C:\projekte\tiefziehen‘autocad'hex® gut_100mmfem
Ausgangslange L0 = Result-File: C:\projekte tiefzishen‘autocad hex8_gut_100mm.FRD
LF Knoten X-Verformung Y-Verformung ZNerformung Dehnung=Ver /L0 Knoten Spannung Last FX Last FY'

1 2527 0.00 0.00 0025 1 0.00 0.00 0.00

2 12034 0.00 0.00 005 11553 704.54 0.00 0.00

& 12027 0.00 0.00 0075 1482 1067.22 0.00 0.00

4 12027 0.00 0.00 o 33 0.00 0.00

5 12027 0.00 0.00 0125 0.00 0.00

6 12027 0.00 0.00 013125 0.00 0.00

7 12027 0.00 0.00 375 0.00 0.00

8 12027 0.00 0.00 01350624 0.00 0.00

9 12027 0.00 0.00 0140625 0.00 0.00

10 12027 0.00 0.00 01421876 0.00 0.00

1 12027 0.00 0.00 0445312 0.00 0.00

12 12027 0.00 0.00 01480468 0.00 0.00

13 12027 0.00 0.00 533204 0.00 0.00

14 12430 0.00 0.00 01612304 0.00 0.00

15 12430 0.00 0.00 01691406 0.00 0.00

16 12430 0.00 0.00 2 01770508 0.00 0.00

12040 oo fooo J[l855142 01790284 oo Jjooo |
Fertig, die Diagramme konnen nun dargestelit werden!
Cancel Start Stop Diagramm-Beispiels Diagramm darstellen und auswahlen mit
Stress-Strain
Load-Strain

Stress-Displacement
Load-Displacement

7

Loadcase-Digplacement
Loadease-Strain
Loadcase-Stress
Loadcase-Load

N
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® The material nonlinearity is clearly evident; the von Mises stresses increase
linearly up to the yield strength, then flatten out and cease to rise - the

deformations, on the other hand, become increasingly larger and more plastic
until failure.

Stress-Strain-Diagram

Stress-Strain-Diagram of the FE-Project:C:\projekte'tiefziehen\autocadihex8_gut_100mm.fem
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Stress-Displacement-Diagram

Stress-Displacement-Diagram of the FE-Project:C-\projekte'tiefziehen\autocadihex8_gut_100mm fem
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