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1. Create the Eccentric Bolt

The eccentric bolt made of steel consists of a cylinder with D = 60 mm and L = 192 mm which
is pressed with an axial force of 100t onto a quader with the dimensions 124 mm x 124 mm x 48
mm.

1.1 Exact result

The axial stresses in the cylinder can be calculated exactly with the cross-sectional area A.

|
B=H=|124mm'
48 mm
Axiallast = 100t /\
D =60 mm
L =192 mm | 62 mm|
\
Axial Stress = Fa/Az = 1000000N /3.1416*D?/4
=1000000N *4/3.1416 * 602 mm? = 353.7 N/mm?
1.2 CAD Model

In the CAD system, the eccentric bolt is generated with a cylinder and a quader. After united
both solids to a part, the eccentric bolt is saved in STEP format.
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1.3 Generate the FEM Mesh
o

: 1
Start MEANS V12 with the desktop icon m and select the “File” register and the “New”
menu and select ,3D Mesh Generator GMSH (STEP)“ to generate a FEM-Mesh from the
STEP-File ,Eccentric_Bolt.STEP” with the mesh generator GMSH.

B5 MEW PROJECT — | pd

() 3D Mesh Generator NETGEN (STEP, IGES, STL)
® 3D Mesh Generator GMSH (STEP)

() 2D/30 Beam Model with Line-Modus

() 3D Shel Model with a Container Mesh Genenerator
{3 2D Plane Mode! with a Bearing Mesh Generator

{3 2D axialsym. Model with a Screw Mesh Generator

NEW PROJECT
g 3D Mesh Generation e O *
Directory: |C:'-pn:ujekte'-.Exzenterbu:ulzen'-. Browser
Default
(®) STEP () IGES () STL/AST{ASCI)

exzenterbolzen step —l

I GMSH, first activate the mesh tab and select the 30 menu and the Refine by splitting menu.

Export the mesh with: File/Export in INP-Abagus format in order to display it in MEANS V12!

Start 30 Mesh Generator

Start 3D Tetrahedral Mesh Generator

Cancel
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In GMSH, the eccentric bolt is first shown in a blue wireframe. In the menu on the left, first
select "3D" and then "Refine by splitting" to refine the FEM mesh 8 times more finely. After 2

clicks you get an FEM mesh with 31 808 tetrahedra.

& Gmsh - filestp
File Tools Window Help

= Wodules
Geometry
& Wesh
Define

Optimize 3D
Optimize 3D (Netgen|
Set order 1
Set order 2
Set order 3
High-arder toals
Refine by splitting
Partition
Unpartition
Smooth 2D
Recombine 2D
Reclassify 20

Experimental

Reverse

Deleta
Inspect
Save

Solver

k-

=0 XY ZeuS.D

I Done reading file stp

B

==

4 x

Please also always look at the info line below, if no tetrahedra can be created "Warnings" and
"Errors" are displayed. In such cases, unfortunately, GMSH must be terminated and an attempt
must be made to mesh with NETGEN.

AG
File Tools Window Help

[ Modules
Geomeatry
1 Mesh

Define

Optimize 3D
Optimize 3D (Metgen)
Set order 1
Set order 2
Set order 3
High-order tools
Refine by splitting
Partition
Unpartition
Smooth 2D
Recombine 2D
Reclassify 2D

Experimental

Reverse

Delete
Inspect
Save

Solver

k]
SOXYEZR S HALD

Done refining mesh (Wall 0.0625339s. CPU 0.0625s)

A Statistics = X

Geometry Mesh Post-processing

6829 Nodes

10 Paints

276 Lines

5792 Triangles

0 Quadrangles

31808 Tetrahedra

0 Hexahedra

0 Prisms

0 Pyramids

0 Trihedra

0 Time for 1D mesh

0.0511837 Time for 2D mesh

00173123 Time for 30 mesh
Plot D
Plot kinj
Plot D

Compute statistics for visible entities only
Memory usage: 135 932Mb Update
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Now export the generated FEM mesh with the menu “File” and “Export” and select the format
“‘Mesh - Abaqus INP (* .inp)”.

Kk Gmesh - filestp

K8 Tools Window Help

Mew. .. Ctrl+M
Open... Ctrl+0
Open Recent 3
Merge. .. Ctri+5hit+0
Watch Pattern...

Clear

Rename... Ctri+R
Delete

FHemaote 2
Save Mesh Ctri+5hift+3
Save Model Options Ctri+d
Save Options As Default Ctrl+Shift+J
Export... Ctri+E
Quit Ctrl+Q

SMONTR A1)

If the mesh is saved in the same directory with the name "file", it is automatically imported and
displayed by MEANS V12.

j Grmsh - file.stp

A Export

Guess From Extension (.7}

Geometry - Gmsh Options (*.opt)
Geometry - Grsh Unrolled GEQ (. gec_unrolled)
T Geometry - OpenCASCADE BRep (*.brep)
Geometry - STEP (*.step)

Mesh - Grmsh MEH (*.msh)

Meuer Ord|Mesh - LSDVMNA KEY (*.key)

Mesh - CELUM (*.celum)

COracle Mesh - CGMS (Experimental) (".cgns}
Pack Mesh - Diffpack ?fD (*.diff)

Mesh - I-deas Universal (*.unv)
PerfLogs |Mesh - Iridum (%.ir3)

Mesh - MED (*.med]

ProgramBiprech - INRIA Medit (*.mesh)
Programm IMesh - CEA Triangulation (*.mail}
Mesh - Matlab (*.m]

Pregramm pesh - Nastran Bulk Data File (*.bdf)
Mesh - Plot3D Structured Mesh (*.p3d)
Mesh - STL Surface (*.stl}

100t Mesh - VRML Surface (*wrl)

Mesh - VTE [*.vtk)

beamtest Mesh - Tochneg (*.dat)

behaelted Mesh - PLYZ Surface (*.ply2)

) Mesh - 5U2 [*.zu2)

dino Mesh - GAMEBIT MNeutral File (*.neu)
Post-processing - Gmsh POS (*.pos)
Post-processing - X30 (X3D) (*x3d)

. Post-processing - MED (*.rmed)
Dateiname: Post-processing - Generic TXT (%.txt)

Dateityp: | Guess From Extension (*.%)

Crganisieren =

projekte

Exzenterl

A Ordner ausblenden
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After the GMSH export, select "Generate Surface Model" to be able to select the 8 main
surfaces of the eccentric bolt for the surface load and clamping.

a FEM Systern MEANS V12 - FEM Structure File  C\projektelexzenterbolzen\mesh.fem

@i -
| Files | View Mesh Generation Edit FEM-Project FEM-Analysis Postprocessing Training
I r |
"M | FEM-Merge | Import STL - | | . ) German
| L | 2. CAprojekte\exzenterbolzenitetd.fem -
| o | / MPC-Contact | Exporti DKF ~ ||| | <1| ® English
|| New m| Open[R] Save n Unit CAD Path Last opened FEM-Projects = Languagers
Mesh Generator V12
B Create Surface Model — (] *

[ cenemare |

Hemerts: 11573
Modes: 2546

[ with Mesh

| Meshing Octians |

O very course

(®) complete V12

ER— o

[ with more Edge-Checks but need longer runtime

® moderate (O veryfine () very much

() complete V8 () model region

| Cancal | |

Generate Surface Model
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1.4 Boundary Conditions

Use the "Edit FEM-Project" register and the menu "Boundary-Conditions" to create
with the selection "Surfaces" the BCs in the Z-direction on the front side of the quader with the
Surface 1. In the selectbox choose "Create" to create 144 Boundary Conditions.

w Files View Mesh Generation |E|:I|'t FEM-Project | FEM-Analysis Postprocessing Training

Element-Groups
Surface Modus is _actl've - Surface= 1

e

1.

Material-Datas

F 3. Surface Load - |

7 Boundary-Condition: ~
| Loads L[] Show Loads

Show Boundary-Conditions

€ 6. Loads -

Editor Tempera

Boundary-Conditions

® - 0O X
|| Surface 1 N L[EL_ErLJ gl Boundary Conditions = O >
| CLEAR |
- Nurber of Boundary Condtins [hen |
[ Nodes Surtaces Value of Boundary [1E10 |
& Bements e Constraints displacement in
| CANCEL || CREATE | [ in X Direction [ in Z Direction
[ in ¥ Direction [ Clamped fixed
Selection:
@ Select Sufaces O Dragging a model region
Select Nodes Select all showing nodes
() Define a coordinate range Select all showing surfaces

Edit BC-Symbols-Size

Tum BC-Symbols coors: [
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1.5 Axial Load

Choose the “Edit FEM project” register and the “Surface Load” menu.

In the next dialog box select Load case “1” and the option “or in N” and enter the value
“1000000” and the degree of freedom “vertical to Surface”.

With the selection “Surfaces” and the “Create a Surface Load” menu, generate a surface load
by clicking the front of the cylinder with the Surface 5. In the selectbox choose “Create” to
create 286 loads.

ﬁ FEM Systerm MEAMNS V12 - FEM Structure File  C\projekte\exzenterbolzen\mesh.fem
@7 -

Files View Mesh Generation Edit FEM-Project | FEM-Analysis Postprocessing Training

F o T |/ | I®
.3. Surface Load |_| D—+ 1. Boundary-Condition: ._| & [Dal . L._.

[ Loads! 1. |Point Load Boundary-Conditions Show Boundary-Conditions Element-Groups | Material-Datas | Editor | Tempera
: | 2. |Line Load Surface Modus is active - Surface= 5
3. |Surface Load
5. | Gravitation Load BE| Loads - O 4
4, |Centrifugal Load T
6. | Temperature Load G Dadcan: = [l
7. |Nonuniform Loads Anzahl Lastwerte: | New |
Edi =
El| EicToad Case Wert der Flachenlast: | 357 4226 OinMPa @ orinN
9. |Editor
Lo [ ]
usl = O X D
rees:
— e () in X Direction () in Z Direction
Surface 5 DELETE |
— in Y Direction vertical to Surface
CLEAR | = © ®
—_— Selection:
EDIT | . S
! (@) Select Sufaces (O) Draaging a model region
Nodes Surfaces () Select Nodes Select all showing nodes
| Blemerts || Ed
i S () Define a coordinate range () Select all showing surfaces
| CANCEL || CREATE |
Calculate Value of Suface Load | stcoor: [
Cancel
¥
Z
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1.6. FEM-Analysis

Choose the Register ,FEM-Analysis® and the Icon === to start a FEM-Calculation with the
MEANS-Solvers or the Quick-Solver.

w Files View Mesh Generation Edit FEM-Project FEM-Analysis Postprocessing

- Structure Model s 3
1. Statics - Select FEM-Solver !
: Medel Dimensions

FEM-Analysis T Select FEM = tructure Info || FEM-Assistent s

85 Finite Element Analysis = O X

Cprojekteexzenterbolzen ‘\mesh fem

Select Solver
(®) MEANS-Solver () Quick-Solver
Step 1: Starting FEM Analysis
Step 2: Starting Postprocessing
Select FEM Solvers Define Results

Cancel

1.6.1 MEANS-Solver

The MEANS-Solver developed by HTA-Software, which needs a longer time to calculate than
the Quick-Solver, is started.

i (i e T =E =
Ergebnisdatei Temperatur C:\projekte\EXZENT~1\tet4.TEM

Pfad fuer temporaere Dateien (*.tmp) C:\Users\info\AppData\Local\Temp

Struktur mit 11573 Elementen und 2546 Knoten

—————— Statikberechnung - — — — — —
besetzte Freiheitsgrade Statik VX VY Va2

Zahl der Freiheitgrade 7638
Maximale Frontbreitce 474
Zahl der Eliminations-Operationen 136000
Speicherplatz Gleichungssystem: Festplatte: 22 MB

Hauptspeicher: 1 MB
Hauptspeicher fuer alle dynamischen Felder: & MB

path _scratch:C:\Usersh\info\AppDatai\Local\Temp
scratch file:C:\Users\info\AppData\Local\Temp\means—0.tmp

Struktur: Volumen: .123E+07 mm~3 Masse: -.863E+01 kg

Liste Elementgruppen | Anzahl | Anzahl I Anzahl |
Nummer |1-D-Elemente | 2-D-Elemente | 3-D-Elemente |
L 1 0 | 0 I 11573 |
Lastfall: 1 Iteration O
Verschiebungen (m) meansk
VX N VZ
Max -151700E-01 -152478E-01 -33999BE+00 . ;
Min  —.161633E-01 —.158505E-01 —.125325E-02 e lenale A S Lote
i it Window?
Lastfall: 1 Iteration 0
Summe Auflagerkraefte (N)
Normal -161390E-08 -103850E-08 -.100000E+07
Lastfall: 15 Iteration 0
maximale Spannungen Volumenelemente
SIG—XX SIG-YY S5IG-ZZ SIG-XY SIG-YZ SIG-XZ Mises

Max -135E+03 -135E+03 -316E+03 -842E+02 -323E+03 -288E+03 -809E+03
Min —.438E+03 -.383E+03 —-.774E+03 —.514E+02 - .228E+03 -.232E+03 -703E+00

Lastfall: 1 Iteration 0O
Mittelwerte in den Eckknoten
SIG-XX SIG-YY S5IG-ZZ SIG- N SIG-YZ S5IG-XZ Mises
Max .334E+02 -325E+02 -872E+02 -387E+02 -105E+03 -144E+03 -S505E+03
Min — 15AF403 — 173F+03 — GCAF4NT — IECE4LN? — 113F403 — 145F4L02 1AAFLM

Running
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1.6.2 Quick-Solver with Tetrahedral Element TET4
The Quick-Solver with the linear Tetrahedral Element TET4 is started.

Normal Precision (®) show and solve with C3D4 (4-node linear tetrahedral elements) |

' (O show C3D4 and solve intem with a refining mesh of 8 x C304 |

() convert C3D4 -> C3010 and show and solve with C3010

Browser

Path for INP-Salver: |C: “Program Files"FEM-System_MEANS_Y12\Debugtinpsolverinpsalvert4bit .e|

Path for INP Files: |C:'-pr0jekte ‘\ewzenterbolzenexzenterl. INP |

Select Solver
(® InCore-Solver () Out-of Core-Salver

| Start FEM-Solver with INP-Interface |

Settings Help = Infos Cancel

1.6.3 Quick-Solver with Tetrahedral Element TET4X8

The Quick-Solver with the Tetrahedral Element TET4X8 developed by HTA-Software is started
and can calculate 8 times more accurately than TET4.

Middle Precision () show and solve with C2D4 (4-node linear tetrahedral elements)

' (® show C304 and solve intem with a refining mesh of 8x C3D4

(O convert 304 -> C3010 and show and solve with C3D10

Path for INP-Solver: |C:'-.P|Dgram Files\FEM-System_MEANS_V12"Debug inpsolvertinpsolverdbit .e| Browser
Path for IMP Files: |C:"\projekte'-e:t.zenterbolzen'-exzenter'l INP |
Select Solver

® InCors-Salver (O Out-of-Care-Solver

Start FEM-Solver with INP-Interface

Settings Help + Infos Cancel

1.6.4 Quick-Solver with Tetrahedral Element TET10
The Quick-Solver with the quadratic Tetrahedral Element TET10 is started.

High Precision () show and solve with C304 (4node linear tetrahedral elements)

' (7) show C304 and solve intem with a refining mesh of 8 x C304

(@ convert C3D4 - C3010 and show and solve with C3010

Path for INP-Salver: |C:'-.Pr0gram Files \FEM-System_M F_i‘-.l‘-lS_"v"12'-.Debug'-jnpsol\rer'-inpsolver&i.bi‘t.ei Browser
Path for INP Files: |C:"-pmjekte'-sxzenterbolzen'-szenteﬂ NP |
Select Solver

(@) In<Core-Salver () Out-of-Core-Solver

Start FEM-Solver with INP-Interface

Settings Help + Infos Cancel
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1.7 Results

S
Choose the Register ,Postprocessing“ and the Icon to display the results in color as a
displacement or stress distribution.

fﬁ‘*"”*' EANS V12 - Ff
0 7[ -

Files View Mesh Generation Edit FEM-Project FEM-Analysis Postprocessing Training

- L Dizplacement-Factor Legend 1 - DXF-Postprocessin List FEM-File
@ Show Results s g il g e

Pick, Search Values Diagram 1 - Value-Animaticn - List STA-Fil=
Postprocessing I Factor/Values 1= Legend/Diagram I Animations 2 List Files 1
! Postprocessing — O x
Results:
Load Case: |1 w
(") Contour of Displacement A ase -
(@ Modal Stress Contour (") Reaction Forces
(") Blement Stress Contour (") Contour of Forces
Accuracy:
Edit Accuracy: Displacement Factor

' Edit Colours for Legend

1 3 4 F‘ick_. Sea!'dm Save Values

Select Result Component:

Momal Stress Sigma x
Momal Stress Sigma y
Momal Stress Sigma z
Shear Stress Tau xy
Shear Stress Tau yz
Shear Stress Tau zx
1st principal Stress 51
2nd principal Stress 52
Ird principal Stress 53

Can

A comparison of the results with the different tetrahedral elements of MEANS V12 follows:

[ TET4
[ TET4X8
[ TET10

shows that the accuracy of TET4 to TET10 is getting more and more better, but the computing
time is getting longer and longer.
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v.Mises Nodal Stresses of TET4

Contour of Stress
von Mises Stress

I

42394
35262

281.30

209.98

g \

1.0162 357.43 MPa

Edit E| -

v.Mises Element Stresses of TET4

LOAD CASE= 1 n

Contour of Stress
von Mises Stress

- 667.15

565.31
470.14
37457
279.80
18463
89.458

0.9596
35751 MPa
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v.Mises Nodal Stresses of TET4X8

LOAD CASE= 1 n

Contour of Stress
von Mises Stress

- 707.12

539,14
498.24
296,43
19552
54517

0.7825

Edit E| +

357.43 MPa

v.Mises Nodal Stresses of TET10

Contour of Stress
von Mises Stress

- 115537

97383
813.84
648.85
433.86
318.87
153.89
04517

| Edit E| + \

357.44 MPa




