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Part 23 - Eccentric Bolt with a local Refinement and Torsional Moment

1.0 Part 23 - Eccentric Bolt with a local Refinement and

a Torsional Moment

A hole with D = 50 mm is inserted into the eccentric bolt from Part 3. The hole is created by
re-meshing the FEM mesh with an additional node list. With this new mesh generation, areas
can be specifically refined or new element groups can be created.

1.1 Exact Results

The axial stress can be calculated exactly using the axial force and the cross section of the
circular ring and the torsional stress using the torsional moment and the polar moment of

inertia.

48 mm

Di=

50 mm Da=60mm

Axiallast
Fa

=100t

Torsionslast Ft =

B=H=124 mm

-10000 N / \

Torsionslast Ft
= -10000 N

L =192 mm

Axial Stress

\

Hebelarm 200 mm

Axial Force / cross section of circular ring

1000 000 N *4 /3.14159 * (602 - 502) mm2 = 1157.49 N/mm?

Torsional Stress = Torsional Moment / polar moment of inertia

=10000 N * 200 mm * 16 / 3.14154 * (60° - 50%) mm?

=111.93 N/mm?
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1.2 Generate the Eccentric Bolt

Select "New" and "3D Tetrahedral Mesh Generator MEANS V12" and generate an FEM mesh
from 2454 tetrahedra with the STEP file "Exzenterbolzen.step" from Part 3 with the mesh
density "1.6". Then the new dialog box for the local mesh refinement is called up with the menu
“Refining” in order to generate an 8x finer FEM mesh with 19632 tetrahedra with the menu
“‘Refine all Elements to 8x TET Mesh*. Please save the FEM file "tet4x8.fem" for later.

05 30-Mesh-Generation

GENERATE Mesh Parameters  Refining  Jacobi-Test  Infos

16 w

Step 1: Create a new Point-List and Surface-List of the actual FEM-Mesh

Elements: 15632
33

MNodes: 4

with Mesh

Refine with @ Range of Modes
[ Center-Paints of TET-Edges

Step 2: Create a Range of Nodes Step 3: Refine the Range of Nodes
Center-Points of TET-Surfaces

Meshing Opti ) L
SEi PRI Step 4: Generate with refined MNodes [ Center-Paint of TET-Volume

Create Sufaces
e Create or load an existing Point-List and create an additional Point-List
Refining
Coarsing Create an additional Point-List Load a Paint-List from a FEM File Load & Point-List from a Node-File

New

Generate with the additional Paint-List from Node: I:I until Node: I:I

Cancel
Repair and Refine Tools
Load a FEM mesh from ELE-File Refine all Elements to 8x TET Mesh | Refine TET Mesh with W11
Cancel oK
e
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1.3 Create a 3D Circular Ring

Create 2D Circular Ring

Select the register “File” and “New” as well as “2D/3D Beam Model with Line-Modus® to create
a 2D circular ring with Ra = 30 mm and Ri = 25 mm.

ol MEW PROJECT - O *

() 3D Tetrahedral Mesh Generator MEANS W12

() 3D Tetrahedral Mesh Generator MEANS V11
(@) 2D/3D Beam Model with Line-Modus

() 3D Shel Model with a Cortainer Mesh Genenerator
() 2D Plane Model with a Bearing Mesh Generator

i) 2D axialsym. Model with a Screw Mesh Generator

NEW PROJECT

o
Suface Modes Lines
ol Creste Rectangle or Ci... m]
o Node D New
A R
e e z o ]
Middle-Poirt Create Nodes
Circle / Rectangle
Comy e o i
LiET e = Copy Range of Nodes
L — i
rors
End Angel: 2D Mesh Generator
3D Mesh Grid
Create Arc
Cancel Load DXF-Lines

UNDO / REDO

Guit Line-Modus
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Create a 3D circular ring

Select "2D Mesh Generator” in the menu on the right and generate a 3D pentahedron model with a mesh density
in the X and Y direction of "50" and the "3D-Extrusion” option.

gl 20 Mesh Generation — O ™

from Element Group: urttil Element Group:

Elemert Typ: |TF~!IBS V|

Mesh Density: |5D I |

Snap Radius:

[] QUAD-Meshing

AD-Extrusion

Modes in Z Direction:

Z-Depth: 240
Check Nodes Refine Mesh
Cancel Help MESH GENERATION

The new FEM model with a Z-Depth of “240” mm and ,Nodes in Z Direction = 80” consists of
36972 PENG elements and 25920 nodes and is saved under the name “Circular Ring.fem”.
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1.4 Generate FEM mesh with an additional Node-List

Reload the refined Eccentric Bolt “tet4x8.fem” and select the dialogbox for Local Refinement
with the “Mesh Generation” and “Local Refinement” tab.

Select “Step 1: Create a new Point-List and Surface-List of the actual FEM-Mesh* to save the
Node List of the Eccentric Bolt for the mesh generator.

Q@7 M -
Files View Mesh Generation Edit FEM-Project FEM-Analysis Postprocessing Training
3D Mesh Generators ) Check Mode Mumbering FEMM Mesh Bearing Generator
QUAD-Meshes, Refine, Delete...
Local Refinement Jacobi-Determinante Vessel Generator  Screw Generator
3D Mesh Generation ri| 2D Mesh Generation 1y Manipulate Meshes IFi Check Meshes P Special Mesh Generators P
5! 3D-Mesh-Generation - O X
GENERATE
Mesh Parameters Refining  Jacobi-Test = Infos
Elements:
Nodes: 0 Step 1: Create a new Paoint-List and Surface-List of the actual FEM-Mesh

with Mesh
% . Refine with a Range of Nodes

[ center-Paints of TET-Edges
Meshing Options

Step 2: Create a Range of Nodes Step 3: Refine the Range of Modes
Certer-Paints of TET-Surfaces
S TR Step 4: Generate with refined Nodes [ Center-Point of TET-Volume
Refining
Create orload an existing Poirt-List and create an additional Point-List
Coarsing é
New g: Create an additional Point-List Load & Point-List from a FEM File | Load a Point-List from a MNode-File
b
s
Cancel 'E Generate with the additional Point-List from Node: 4338 urtil Node: | 30257
Repair and Refine Tools
Load a FEM mesh from ELE-File Refine all Elements to 8x TET Mesh Refine TET Mesh with V11
Cancel oK

Then select the menu “Load a Point-List from a FEM File” and insert the FEM file “Circular

Ring.fem”. The nodes of the Circular Ring are now displayed in the rendering or wire frame
model.

In addition, the additional nodes from 4338 to 30257 are entered in the two node fields, which
can also be edited.
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GENERATE

maoderate w~

Elements: 0
=
0

Modes:

with Mesh

Meshing Options
Create Surfaces
Refining
Coarsing

New

Cancel

Generate with

the additional Node-List

Select the menu "Generate with the additional Node-List” to re-mesh the FEM mesh of the

Eccentric Bolt with the Circular Ring as an additional Node-List.

After about 10 minutes of computing time, an FEM model with 140 199 TET4 elements and
24 630 nodes generated and displayed.

B C\Program Files\FEM-System_MEAMNS_V12\Debughmeanstetep.exe

g file.1.smesh.
g file.1.node.
pening file.1.a.node.

Constructing Delaunay tetrahedralization.

r seconds: 1.43
surface mesh.
g vertices.
g segments.
Constraining facets.

segment and facet seconds: 1.173
emoving unwanted tetrahedra.

ole seconds: @.841

epairing mesh.

epair seconds: .83

Tnsert additional points into mesh.




Part 23 - Eccentric Bolt with a local Refinement and Torsional Moment

{8 FEM-System MEANS V12 - Strukturdatei Ci\projekte\ exzenterbelzen\neu' netz fem

! QiM -

Datei | Ansicht | Netzgenerierung  FEM-Projektbearbeiten  FEM-Analyse  Ergebnisauswertun

(O Rendering () Drshigitter  Schattierung: | 10% ~ g 3] N @ : - Hintergrund
i : \ |1, Gesamtansicht - 2. Knoten-Modus -
@ mitNetz  |mitkenten - | Hidden-Line neu R iy Axis Cross
LF|

aktueller Knoten 1029: X-Koord.= 62; ¥-Koord.= 46.48489; 7-Koord.= 240

Elemerie: 152083
Knoten: 27864 <]
[ mit Netz i
Enstellungen ‘égg&“
Riachermodel Vﬂ\‘ﬂﬂﬂ
ORI
Ve AN
e S
y i
Mirimal Net: E.'_%aﬂaaaa
Cancel A%‘ .
A
SR A )
2N
st
ANNDERR)
¥

The circle hole only goes through the entire eccentric bolt if the circular ring is exactly 240 mm
long. Annular nodes that lie outside the eccentric bolt are not generated.

Netzgenerierung

Blemente: 152093

K NN
%‘WWE D

= N
?y’?ggg‘iﬂ‘

LS
o

L

Minimal Netze

-

N

AN
AN
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1.5 Create circular element group 2

Select the register “Edit FEM-Project” and “Element-Groups” and the menu “Create Element-
Groups”. In the next dialogbox, select the option "Create element group with a Circular Arc"
and the button "Create Element Group" to create circular element group 2 with an outer radius
of "25.505" and a very high grid of "1500".

@7 -

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

F 3. Surface Load - D—+ 1. Boundary-Condition: - D I_JJ / 6. Loads -

Loads L] Show Loads Boundary-Conditions Show Boundary-Cenditions Element-Groups || Material-Datas | Editor
Info Line
EG= 1
BB Element Groups = 2 — O X
ON EG=1

[m|
X

ol Create Rectangle or Ci..  —
Create Element Group . 9

Create Element Group = kel (=715 .
(O Dragging a Model Region MNew REDO |
(O Select all showing Nodes Middle-Poirt
(O Select several sufaces X direction:

(O Create Element Group with a Coordinate Range Y direction:

o (@ Create Element Group with a Circular Arc Z direction:

as Wireframe visible
from: (-100000 urtil: 100000

Create Hement Group

Inner Radius:

Refresh Hidden-Lins

=TT

Number of Nodes: (1000|

Mumber of Groups=

Edit Mumber of Element Group | | new: |

Edit Number of Elements: 140159

Start Angel:

T A O XDepth O YDepth O ZDepth Outer Radius: | 25.505

End Angel: 160

Create Arc

Edit

Cancel

EG= 2 =

ON EG-1

& oN - G2

To edit colours ok on 1o theframes.

s Viireframe visiie

Refresh Hidden-Line

Creste Element Groups




Part 23 - Eccentric Bolt with a local Refinement and Torsional Moment 10

1.6 Simulate Drilling

Element group 1 is already preset for "Steel". In order to simulate the drilling, the material data
of element group 2 are simply set to a very small value of "0.1". To do this, select the “Edit FEM
Project” tab and “Material Data”.

85 Edit Material Datas = O »

BE| Edit Material Datas = O *
Material Datas Material Datas
Youngs modulus Youngs modulus
Poisson Ratio 3 Poisson Ratio 3
Density 7.3E-06 Densty 0
Heat Coefficient Heat Coefficient 0

Blemert Group: | 1 Blemert TET4 < - > Element Group: | 2 Element TET4 < >

(® Isotrop O Anisotrop (®) lsotrop () Anisotrop

| Material Data Base | | Material Data Base |

| Copy Material Data | |

Copy Material Data |

1.7 Delete element group 2

To create the hole, element group 2 must be deleted. Select the “Mesh Generation” tab and
“Quad Meshes, Refine, Delete” and then “Delete” again to delete element group 2 with a
subsequent mesh check.

w Files View

Mesh Generaticn Edit FEM-Project FEM-Analysis Postprocessing Training

3D Mesh Generators

Local Refinement Jacobi-Determinante Vessel Generator  Screw Generator

Check Node Numbering H FEMM Mesh Bearing Generator

H QUAD-Meshes, Refine, Delete.. ‘

3D Mesh Generation fu | 2D Mesh Generation o Manipulate Meshes I Check Meshes I} Special Mesh Generators P

BE Quad Meshing / Refine / Converter / Extrusion — O * BY Delete nodes and elements... — O %
Quads Refine Converter Extrusion Rotation Delete  Tum
® Delete element groups
O Delete elements

(O Delete nodes

Delete Nodes and Elements () Delete all showing nodes

(O Delete with mouse and a depth
(O Delete with several surfaces

() ¥Depth () Y-Depth () Z-Depth

from: until:

— [ ok ]
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ON EG=1

DéN [ | EG:% %‘

RS
Aﬁﬁz\‘\v
AN Ny S

SRS

S
i

A0
al
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%
N/

W
S
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Fir neus Farbe auf Farbrahmen Kicken

als Drahtgitter sichtbar

Refresh Hidden Line

Gruppen 1- 7 ~

Neus Elementgruppen srzsugen

o
Al
iV
Aﬁ%’i’ﬂ

1.8 Boundary Conditions

With the “Edit FEM-Project” and “Boundary Condition” tab, the front surface of the quader is
clamped fix in the X, Y and Z directions.

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

1. Boundary-Condition: - e _/
oundary-Condition D = 6. Loads i i

F 3. Surface Load -
Boundary-Conditions ] Show Boundary-Conditions | Flement-Groups ~ Material-Datas | Editor e

Loads [ Show Loads

Info Line

B Boundary Conditions

Number of Boundary Conditions 725 New

Walue of Boundary 1E-10

Constrairts displacement in

[] in X Direction [ in Z Direction
[ in Y Direction Clamped fixed
Selection

QO Select Surfaces (@) Dragging a model region

(O Define a coordinate range

Edit BC-Symbols-Size

— ] —y
Tum EC-Symbols coors: [

Cancel
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1.9 Create Surface Load

To create the surface load, first hide EG 2 and refresh the Hidden-Line so that Surface 3 is
selected for the Surface Load with 100t or ,1 000 000 N. Select "Edit FEM-Project" and
"Surface load® to create the load with surface 3.

N Filec  View  MechGenerstion | EditFEM-Project | FEM-Analysic  Postprocessing  Training

F Siurfaie L:ad B 4 1. Boundary-Condition: - I / o - E'!'}
Loads | 41 Show Loads

Boundary-Conditions [Z] Show Boundary-Conditions | Flement-Groups | Material-Datas | Editor Temperature

Info Line

oN EG=1

Oon EG-2

To edit oolours click on to the frames.

a5 Wireframe visible

Curent Loadcase: [=

Number of Values: 463 New
Value of Load: 1185.945 OinMPa @ orinN
Craste Element Groups Loadin N 1000000 Info
Degrees:

(O in X Dirsction O in Z Direction

O inY Direction @ vertical to Surface
Selsction:

@ Select Sufaces O Dragging a model region
O Select Nodes

O Define = coordinate range O Select all showing sufaces

Caloulate Valus of Surface Load stcoor: [
Cancel Edtor Create a Surface Load
Delete Loads

-

1.10 Create the Torsional Moment

The torsional moment is a bit more complex because a beam model for the tetrahedron mesh
has to be generated. In the Line-Mode enter the node 24631 (0/0 / -50) with "New".

gl - a x

Fachen Knoten Linien

Knoten: (22631 | New

Knoten eczeugen
Einzelknoten erzeugen

Linien erzeugen

Rechteck / Kreis

Knoten manipulieren
Knoterbereich kopiersn

Netzgeneratoren

2D-Netagenerator

3D-Netzgiter
G- [2 V] W =

DXF-Linien einladen

UNDO / REDQ

Linien-Modus beenden
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13

Then use the “Surface Edge Node” menu to create a node range of surface 3.

o
()

- [m]

X

Flachen Knoten  Linien

Anzahl Eckknoten = 24631

big 24631

[] Knoten numerisren

[ Elemente numerieren

[ Elementaruppen numeriersn

[ Lastwerts anzsigen IEI

Knoten-Size ediieren:

sl Linien - O

O puns

¥-Koordinate: l:l
f-Koordinate: D
Z-Koordinate:

O Punkt 24630

*

X-Koordinate 27.0252
Y-Koordinate -7.91349
Z-Kpordinate 240

(® odermit allen angezsigte Knoten verbinden

Anzahl Knoten pro Linie

| Linie erzeugen |

Anzahl Elementgnippen:
Anzshl Knoten:
Anzahl Elemente:

Element lsschen 1]

Now create the nodes 24632 (-100/ 0 / -50) and 26633 (100/0 / -50) in the Line-Mode and
connect the two lines 24631/24632 and 24 631/24633 with "Create Lines".
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Flachen Knoten Linien

i

=

Enzeknaten ezeugen

Linien erzeugen

i

Rechteck / Kreis

Knoten manipulieren
Knotenbersich kopiersn

Knoten prifen

2D-Netzgenerator

3D-Netzgiter

co- (3] i

§ x
g §

3
i i

DXF-Linien einladen

UNDO / REDO

¥ Linien-Modus beenden

Select the “Edit FEM-Project” tab and “Editor” to create load case 1 with a nodal load. Edit a "2"
in the editor with "Number of loads/Load Case" and enter nodes 24632 and 24633 in the Y
direction with "FHG = 2" and a load value of "10000" and "-10000".

Load Case: Load Cases:

e—
Number of Loads/Load Case:[2___| Load Type: |1 Point Load

MNew Load Case

Combine Load Cases

Copy Load Case

Load Factor

Convert Temperature to a Load Case

|
[ Delete Load Case
|
|

Pressure->Point Load

Change FHG

-10000.00 N

10000.00 N
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1.11 Results Evaluation

S

[/ (]
After the FEM analysis, the "Result evaluation" tab and the icon menu @ can be used to
evaluate the axial and torsional stresses on the cylinder.

Load case 1: Axial Stress on the cylinder = 1159 MPa (exact = 1157 MPa)

Vergleichsspannung
vMises

649.83
428.05
206.26

1159.72 Nimm*

Load Case 2: Torsional Stress of the cylinder = 127 MPa (exact 111 MPa)

Vergleichsspannung
v.Mises

66729

127.24 Nimm?*

10000 M

-10000 N



