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Part 19 - Contact-Analysis of a hot cast Polyurethane
Wheel with MEANS V11

The model is of a small 95 Shore A hot cast polyurethane wheel with 56 MPa Young’s
Modulus, 0.498 Poisson's Ratio and 96 MPa Tensile Yield Strength. To keep the FEM
model as small as possible we analyzing 1/4 of the wheel with a symmetry surface.

Full Model

The inner diameter is fixed, it would be bonded to ball bearings. The wheel is loaded
with a steel road at 2225N.

Half Model:
Load = 2225N = 222.5kg = 490.521b

Surface Load = 2225N/1800mm?*= 1.236Mpa

Steel-Road
Young's modulus = 210 000 MPa
Poisson Ratio = 0.3

PUR-Wheel
Young's modulus = 56 MPa
Poisson Ratio = 0.498
Yield Strength = 96 MPa

Clamped fixed in x-, y- and z-direction

Load 2225 N
Surface Load of 1/2 model = = = 1.236 MPa

Surface Area 1800 mm?
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Quarter Model

Surface Load =1112.5 N /900 mm==1.236 Mpa

e

Y R,

Symmetric Boudary Condition
clamped in z direction

Load 1112.5N
Surface Load of 1/4 model = = = 1.236 MPa

Surface Area 900 mm?
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Mesh Generation

First an FEM mesh is generated from the CAD Step model assembly.

s NEW PROJECT = (| x

(@) 3D Tetrahedral Meshing with STL, STEP or IGES
() Create a new Model with Beam-Line-Modus

() Mesh Generator for Container or Silos
(") Bearing Mesh Generator

() Screw Mesh Generator

NEW PROJECT

Select the "Files" tab and select "New" to create a new FEM project.

Select "3D Tetrahedral Meshing with STL, STEP or IGES for the following formats:

STL this 3D model consists of a triangular outer shell for the 3D
Mesh generation, this flexibel format can also be imported and exported.
STL Files with holes or gaps, it can also be repaired before meshing.

STEP today it is the Standard format, note that no CAD assemblies but only
single parts can be meshed. Assemblies can be combined via the
“Boolean operations” or with “Screw Models” into one part.

IGES like STEP format but is not as common anymore

Use the "Browser" button to select the "wheel road.step" STEP file and click on menu
"Start Mesh Generator No. 2 with CAD File" to display it in the mesh generator.
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85 Mesh Generation == O >

Directory: |C:‘\projekte\wheel_road\ | | Browser |
Diefaut

(® STEP () IGES () STL/AST (ASCH) |:|

Ouarter Wheel and Huad for FEA assembl}' E-irnlcmmeier step

STL Optimization and Repair
Optimize STL File before stating Mesh Generation
| Optimization with all tests

Mesh Generator Mo. 2 with OpenGL-nterface

Start Mesh Generator No.2 wth CAD File || __with error messages || Hep |

Mesh Generator No. 3 with automatic repair function

I. Start Mesh Generator No. 3 ] Mesh Density: |0 w [ Help |

The model can now be seen in the mesh generator and can be rotated as required.

76 NETGEN - filestp = m} X
File Geometry Mesh View Refinement Special Help

Qui‘tl Generate Mesh | Stop Geometry —I | Zoom All | Centerl

Pointst 0 Elements: 0 Surf Elements: 0
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First select the "Mesh" menu and "Mesh-Size" tab and generate with the following
setting and a Refinement an FEM Mesh with 174 176 tetrahedral elements with 42 824
nodes. The contact surfaces is also very fine meshed by a contact surface distance of
0.0084 mm or 8.4 Micrometer (could be too much).

76 NETGEN - file.st & Meshing Options o O X
File Geometry Mesh View Refinement Special Help e
e | STL Charts 1 DOptimizer 1 Ingider 1 Debug |
Quit | Generate Mesh | Stop
max mesh-size: [1000 =
min mesh-size: C' =
mesh-size grading: [o.5 =
mesh-size file:
Browse]
1.5 :
I Elements per curvature radius
‘!'EI Elements per edge
0.2 P :
| [ v STL - chart distance
Ll ¥ STL - line length
8o GESS
| ¥ STL/IGES/STEP - close edges
0.3 r
- I STL - surface curvature
0.2
| [ I~ STL - edge angle
0.2
; [~ STL - surface mesh curv
&E ¥ STL - Recalc mesh size for surface optimization
r4
Calc New H
Points: 42824  Elements: 174176 Surf Elements: 30240 Apply Done
Export Mesh

After generating the mesh, the FEM mesh with the name "test.fem" must be exported
to MEANS V11. Select the menu "File" and "Export Mesh" and save the mesh
"test.fem" in the specified debug mesh path to start MEANS V11 automatically with the
FEM-Mesh and the Surface Model for selecting Nodes, Edges and Surfaces.

7& NETGEN - D/Program Files/FEM-System_ME

| File | Geometry Mesh  View Refinement

Load Geometry... <|><g>

Save Geometry...

Recent Files ¥

Load Mesh... <|><m>
Recent Meshes *
Save Mesh... <g><m>
Merge Mesh...

Import Mesh... Select the menu "File" and "Export Mesh"

—* and save the mesh "“test.femn” in the

Export Filetype » specified debug mesh path.
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Create Element Group 2

At first we must created Element Group 2 because we are calculated with the two
different material datas:

Element Group 1 with the PUR-Wheel and Element Group 2 with the Steel-Road.
Select the “Edit FEM-Project” and “Element-Groups” tab and choose in the new
element group menu “Create Element groups” and select in the new dialogbox the

option “Select several surfaces” to create EG 2.

Choose “Create EG” and create Element Group 2 with a click on Surface 4 and 8. At
least click on the color-box for a blue EG 2.

@ 076 -
Files View Mesh Generation Edit FEM-Project FEM-Analysis Postprocessing Training

Fl 3. Surface Load - D—+ 1. Boundary-Condition: + D :jl- | / ol - E:.:}

Loads Show Loads Boundary-Conditions Show Boundary-Conditions Element-Groups | Material-Datas | Editor Temperature
Surface Modus is active - Surface= 4 (]
ol EG= 2 = m} X
ON EG=1 Create EG with mouse and a depth

oN - =) Create Element group = 2

(O Dragging a Model Region
() Select all showing Modes

®) Select several sufaces

(O %Depth (O YDepth () Z-Depth

Toredit colours cick on to the frames ReiEe
Draw hidden EGs and
Sufaces as Wirsframe All elements get the element group 1

Create EG with a define range

Calculate Dimension
from X wtl: [100000 |
fromZ: [100000 urtil Z:

Create EG

LUNDO Element group

Change Element group

Mumber of Groupe=
|

Edit Number of Element Group

Edit Number of Elements:
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Check the Contact-Distance

The Contact-Distance is very important for the Contact-Analysis. Now we check it easy
with the FEM-Analysis and Model Dimension tabs for every Element Group.

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

: Structure Model :
ggg 1. Statics - Select FEM-Solver »
T — Medel Dimensions =

FEM-Analysis T Select FEM o Structurelnfo 3 FEM-Assistent

o Measures

Measures of the activated Element Groups

Width: from -15.875mm urtil 15.875mm

To edit colours ciick on to the frames
Draw hidden EGs and Height: from 0 mm uritil

Surfaces as Wirsframe

Deep: from Omm until 331 mm
e Waolume: 33184.83 mm?
Density: 7.8E-06 kg/mm?
WWeight : 0.26kg

[Jon EG=1

ON - EG=2

al Measures s O X
Measures of the activated Element Groups
Width: from -20 mm urtil 20mm
Toedit coiours ciick on tothe frames
Draw hidden EGs and Height: from pritil 41.52204 mm
Surfaces as Wirsframe
Deep: from Omm until 22 52031 mm
Walume: 0 mm?
Density: 7.8E-06 kg/mm?
Weight: D.00kg [
\

N

Now we are able to read the Contact-Distance 38.10681mm - 38.1mm = 0.00681mm
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Edit the Contact-Distance

But it is just as important that you know how to do it to reduce the distance. If the
contact distance is a little bit too much the Contact-Solver does not convergence and
canceled the calculation.

B3 C\Program Files\FEM-Systern_MEANS_V11\Debug cmd.exe - CAPROGRA~T\FEM-5Y ~1\DebughINPSOL~T\MPSOL~2.EXE Cf\projekte

Using up to 1 cpu(s) for the stress calculation.

Factoring the system of equations using the symmetric spooles solver
Using up to 1 cpu(s) for spooles.

Using up to 1 cpu(s) for the stress calculation.

average force= 8.833286

time avg. forc= 8.833286

largest residual force= 118.478796 in node 35433 and dof 2
largest increment of disp= 2.178683e+18

largest correction to disp= 2.178683e+18 in node 38887 and dof 2

ivergence allowed: number of contact elements stabilized
no convergence

iteration 6

number of contact spring elements=8

At first you must show all Nodes of Element Group 2 with the View and “Node-Modus”
tab. Then choose menu “Coordinte Factor” to add a Coordinate-Faktor of -0.0068mm.

LI Q)
Files View Mesh Generation Edit FEM-Project FEM-Analysis Postprocessing Training
@ (® without Mesh  (7) Wireframe  Light 10% - - — Zoom 0.1 ~+ || [] Tracl
S ; : l 1. Main View 2. Node-Modus - - !
Hidden-Line O with Mesh Edges Hidden-Line new 4 Rotate X - Axis

Node Modus is active

Suface MNodes | Lines
Number of Nodes = 42824

EGs ~

from:
until: |2 |
Show MNodes

Create 3 Range of Nodes

Create 3 Range of Nodes

Surface MNodes

Edge MNodes Surface

Delete 3 Range of Nodes
Delete Range of Nodes

Edit 2 Range of Nodes
Coordinate-Factar
Node: |1 | [EoiT

x. [15.75 |
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85! Coordinate Factor = O >
[nput Factor
() Multiply () Divide
® Add () Replace
Change Axis

() Change x-values with y-values

() Change x-values with z-values

() Change y-values with z-values
Change Coordinates

[] ®Coordinates  [] ¥ Coordinates  [] Z Coordinates

Lzing the selected nodes

from node:
to node:

Coordinate Factar: | 00068 |

[ ] Moving paint 0 £ 0 / Othrough the node;

| Change Coordinates with a Factor |

CANCEL

Now the Contact-Distance is 0.000mm.
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Create Boundary Conditions

Clamped fixed

The inner diameter of the wheel is fixed, it would be bonded to ball bearings. Select
the tab ,Edit FEM-Project® and ,Boundary-Conditions® and create the fixed BCs on
Surface 9, 11, 12 and 14 with ,Create” in the selectbox.

NF fies  vew  MeshGeneron | EtfeMfroiect  FeMoAmyss  Posiprocessing Triing
Loads [ Show Loads Boundary-Conditions 4 Show Boundary-Conditions Material-Datas | Editor i

e Boundary Conditions

Number of Boundary Condiions
i S

Constraints displacement in
[ in X Direction [1 in Z Direction
[ in ¥ Direction [ Clamped fixed

Selection:
O Select Surfaces (O Dragging a model region
@ Select Nodes () Select all showing nodes
() Define a coordinate range. () Select all showing surfaces
Edit BC-Symbols-Size:
o
Carcel | | Edter | | Create BCs |

| Delete BCs |
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Symmetric-Boundary-Conditions

The nodes of Surface 3 and 4 must be constrained in z direction in order to take
advantage of the symmetry of the quartered model.

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

F 3. Surface Load - H 1. Boundary-Condition: ~ D __}[ / s |

Loads L[] Show Loads Boundary-Conditions Shew Boundary-Conditions Element-Groups | Material-Datas | Editor

Surface Modus is active - Surface= 4

" O X

Surface 3 i DELEI'E 1

Surface 4 =
CLEAR |

Nodes Surfaces
Elements Edges

[ canceL || create |

B8 Boundary Conditions

Number of Boundary Condtions 14778 ._ New _.

Value of Boundary [1E10 |

Constraints displacement in

[ in X Direction in Z Direction
[ in ¥ Direction [ Clamped fixed
Selection:
(® Select Sufaces () Dragging a madel region
() Define a coordinate range Select all showing sufaces

Edit BC-Symbols-Size

Tum BC-Symbols 1 Colors: -

Ca.ncelu | Edrtor Credeﬂ:s

Delete BCs




Part 19: Contact-Analysis of a hot cast Polyurethane Wheel mit MEANS V11

207

Road clamped

The road is only moved in y-direction so we must constrained the displacements in the
x- and z-direction at the top and bottom side.

View

w Files
F 3. Surface Load
Loads L] Show Loads

g
Surface 1 DELETE
Surface 8
CLEAR
EDIT
Nodes Surfaces
Elements Edges
CANCEL CREATE

Mesh Generation

Boundary-Conditicns

Edit FEM-Project

1. Boundary-Cendition: -
Show Boundary-Conditions

FEM-Analysis

Training

Postprocessing

[ J

Material-Datas

7y
a

Temperature

/ 6. Loads

Element-Groups Editor

Surface Medus is active - Surface= 8

8 Boundary Conditions

Number of Boundary Conditions
Walue of Boundary ﬁE{D

Constraints displacement in
in X Direction
[ in Y Direction

Selection:
@ Select Surfaces
(©) Define a coordinate range

Edit BC-Symbols-Size
—_— '

Tum BC-Symbols

Cancel Editor

in Z Direction
[ Clamped fixed

(_) Dragging a model region

4
Colors: -

Create BCs

Delete BCs
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Create the Surface Load
The roller is loaded with 1.236 Mpa at the top side of the road in y direction.

Select the tab ,Edit FEM-Project” and ,Surface Load“ to create Load Case 1 with a
Surface Load of 1.236 Mpa and with a mouseclick on Surface 8 and ,Create” in the
selectbox.

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

F 3. Surface Load v D—+ 1. Boundary-Condition: ~ D | /
— = G = = 6. Loads

Loads Show Loads Boundary-Conditions [ Show Baundary-Conditions Element-Groups | Material-Datas | Editor

Surface Modus is active - Surface= 8

g
[Suface 8 | [ DELETE
CLEAR
EDIT

MNodes Surfaces
Elements Edges

CANCEL CREATE
B Lo
Curent Loadcase Li I:I 3
Number of Loads [ 663 New
_—

Value of Load |_‘|_235 ®inMPa CorinN
[ |unequal along Z Axis W2=

Dodees of (O inXDirection () in Z Direction
L O in Y Direction (®) Verttical to Surface
Selection:

@) Select Sufaces () Dragging a model region

() Select Nodes
() Define a coordinate range () Select all showing sufaces

Calculate Suface Load Value (MPA) from Load SLLolor:

Cancel Editor Create Surface Load

Delete Loads
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Create the Master-Contact-Surface

Now we must create the Master-Contact-Surface with Load Case 2.
Select the tab ,Edit FEM-Project” and ,Surface Load“ to create Load Case 2 with a
Surface Load and with a mouseclick on Surface 8 and ,Create” in the selectbox. A

value is not necessary.

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

F 3. Surface Load - D—+ 1. Boundary-Condition: ~ D || / S
—- = . Loads -
Loads Show Loads Boundary-Conditions [] Show Boundary-Canditians Element-Groups | Material-Datas | Editor

Surface Modus is active - Surface= 1

® - O *

Surface 1 |LDELETE |
| CLEAR |
| _EDT

MNodes Surfaces
Elements Edges

CANCEL || CREATE

ol Loads

Cument Loadcase - +
Number of Loads 13936 New

Value of Load l:l ®inMPa O orinN

[ |unequal along Z Axis W2=

Degeral O in X Direction (O in Z Direction
freedom: : S :
() in ¥ Direction @ Vertical to Suface

Selection:

(®) Select Surfaces () Dragaing a model region

() Select Nodes Select all showing nodes I"_ i)

e

() Define a coordinate range () Select all showing sufaces =

Calculate Surface Load Value (MPA) from Load SL-Color:

Cancel Editor Create Surface Load

Delete Loads
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Create the Slave-Contact-Surface

Now we must create the Slave-Contact-Surface with Load Case 3.

Select the tab ,Edit FEM-Project” and ,Surface Load“ to create Load Case 3 with a
Surface Load and with a mouseclick on Surface 2 and ,Create” in the selectbox. A
value is not necessary.

' @i M
Files View Mesh Generation Edit FEM-Project FEM-Analysis Postprocessing Training
Fl 3. Surface Load A D—+ 1. Boundary-Condition: - D i | . /
b =] “ 6. Loads
Loads Show Loads Boundary-Conditions [] Show Boundary-Conditions Element-Groups | Material-Datas | Editor
Surface Modus is active - Surface= 2
I - ]
|[Suface 2 | DELETE |
CLEAR
EDIT

Nodes Surfaces
Elements Edges

CANCEL CREATE

o5 Loads

Curmrent Loadcase 3

Mumber of Loads !—_3245

Walue of Load ®inMPa O orinN

MNew

[T 1a g Z

Degiaea ol O inXDirection (O in Z Direction

aEE0s. () in ¥ Direction (@) Vertical to Suface

Selection: £

(@) Select Sufaces (O Dragaing a model region T

() Select Nodes o

() Define a coordinate range (O) Select all showing sufaces & =

Caleulate Surface Load Value (MPA) from Load SL-Color:

Cancel Editor Create Surface Load

Delete Loads
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Material Datas

Now we must input the Material Datas with the tab ,Edit FEM-Projects” and ,Material-
Datas®. Input for EG 1 with the Polyurethane Wheel the Youngs modulus of 56MPa
and Poisson Ratio of 0.498 and for EG 2 with the Steel-Road the Youngs modulus of
210000MPa and Poisson Ratio of 0.3.

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

FI 3. Surface Load - D—+ 1. Boundary-Condition: - D I--Il ] /

Loads Show Loads Boundary-Conditions [] Show Boundary-Conditions Element-Groups || Material-Datas || Editor

Info Line

ON EG=1

[~ oN - EG=2

To edit colours chick on to the frames

S talion Lo o Edit Material Datas = O *
Surfaces as Wireframe _- Name _Material Datas
Groups 1- 7 | Paisson Ratio 0.498
Density | 73206
Create Element groups Heat Coefficient 1.2E05
&
Blement Group: |1 Element TET4 < >
(®) Isotrop ) Anisotrop
| Material Data Base | 0K
Y ]
Copy Matenal Data
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FEM-Contact-Analysis

The contact model is ready for the FEM-Analysis. Select the tab ,FEM-Analysis“ and
»contact-Analysis® and start the calculation to solve the displacements and stresses
with the TET4 tetrahedral elements in a few minutes.

| 07F -

Files Wiew Mesh Generatich Edit FEM-Project FEM-Analysis Postprocessing T

: Structure Model | i
6. Contact-Analysis - Select FEM-Solver J
. Meodel Dimensions

FEM-Analysis s SelectFEM & Structure Info = | FEM-Assistent 5

o5l Contact-Pressure — | >

C\Projekte\wheel_road_contact‘roller1 fem

Swap Mastersurface <-> Slavesurface (Loadcase 2 - 3)

Start Contact-Calculation with Quick-Solver

Start Contact-Postprocessing

Cancel

Nomal Precision (@) show and solve with C3D4 (4-node linear tetrahedral elements)

' () show C304 and solve intem with a refining mesh of 8 x C304
() convert C3D4 -> C3D10 and show and solve with C3010 : |'I
il
Path for INP-Solver: |C:‘-.F'rograrn HIes‘xFEM-S:.'stern_MEANS_U'I'I‘-.Debug‘-dnpsolver\jnpsol\rerﬁ-dbit.E| Browser
Path for IMP Files: | C:\Projelte wheel_road_contact'roller INP |
Select Solver

® InCore-Solver () Out-of-Core-Solver

Start FEM-Solver with INP-Interface

Settings Help + Infos Cancel
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Postprocessing

After the calculation the results can be evulated. Select the tab ,Postprocessing” and
choose the ,Contour of Displacement” or ,Nodal Stress Contour®.

w Files

@ Show Results
1

Postprocessing I

Wiew Mesh Generation

Displacement-Factor

Pick, Search Values

Factor/Values &

Edit FEM-Project

FEM-Analysis Postprocessing
Legend 1 b - - List FEP
- Value-Animation - :
Diagram 1 - List 5T#
Legend/Diagram = Animaticns = List F

! Postprocessing

Results:

() Cortour of Displacement
(® Modal Stress Contour
i) Element Stress Contour

Accuracy:
Edit Accuracy:
1 3 4

Select Result Component :

— | >

Load Case:

i) Reaction Forces
() Contour of Forces

Displacement Factor
B St Ion Ecndl

Pick, Search, Save Values

v

CPRESS
CSHEAR1
CSHEARZ

Momal Stress Sigma =
Momal Stress Sigma y
Momal Stress Sigma z
Shear Stress Tau xy
Shear Stress Tau yz
Shear Stress Tau zx
1st principal Stress 51
Znd principal Stress 52
Jrd principal Stress 53

& von MisesStress |

i
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Displacements

Max. Displacement in y direction is -1.458 mm

H FEM Systern MEANS V11 - FEM Structure File Chprojektelwheel_roadiroller].fem

Files View Mesh Generation ‘ Edit FEM-Project | FEM-Analysis Postprocessing Training
F_ 5 Suracetoad >4 1. Boundary-Condition: | | /
: = 2 ) tion: ~ s
‘ Bl st s HMICANE OIE R == 6. Loads
Loads [ Show Loads Boundary-Conditions [ Show Boundary-Cenditions Element-Groups | Material-Datas | Editor Temperature
Info Line ]
| Loap case= 1

Displacements
in y direction

0.1747

-0.0625

-0.2357

-0.5369

07742

-1.0114

-1.2486

-1.4853

Edit E| E
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1st principal Stresses S1 of the Wheel

Maximale 1st principal Stresses S1 of the Wheel is 21.9 MPa

- FEM System MEAMNS W11 - FEM Structure File C\projektetwheel_road\rollerl.fem

(-\ i 2 O

LOAD CASE= 1

1st princi)a! Stress
§1

21573
12592
32117
-6.1689
1554

24930
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3rd principal Stress S3 of the Wheel

Minimale 3rd principal Stresses S3 of the Wheel is -40.04MPa

- FEM System MEAMS V11 - FEM Structure File Chprojektetwheel_roadiroller] fem

LOAD CASE= 1

3rd principal Stress
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v.Mises Stresses of the Road

Maximale v.Mises Stress of the Road is 98.6 MPa

1) FEM System MEANS Y11 - FEM Structure File C:\projekte\wheel_road\roller.fem

07M -
Fils  View  Mesh Generation  EditFEM-Project  FEM-Analysis | Postprocessing | Training
Displacement-Factor | Legend 1 - - List FEM-File FEM-Modell
] 4[] Show Results Value-Animation - FKM-Richtlinie for we -
A Pick, Search Values Diagram 1 = List STA-File STA-/FRD-Modell
Postprocessing = FactorfValues 1 Legend/Diagram s Animations  ra  ListFiles i Fafique-Analysis 5 MEANS-Android 12

Contour of Stress
von Mises Stress

- 98.682

84,601

70521

56.441

42361

28280
- 14200
]

0.1197

Edit -

[ FEM System MEANS V11 - FEM Structure File C:\projekte\wheel_road\roller!.fem
e7TM -

Files  View  MeshGeneration  EditFEM-Project  FEM-Analysis | Postprocessing | Training

Displacement-Factor Legend 1 - - List FEM-File FEM-Modell
) Show Results. Value-Animation ~ FKM-Richtlinie for we ~
1 Pick Search Values Diagram 1 2 List STA-File STA-/FRD-Modell
Postprocessing i FactorfValuss 1= Legend/Disgram 1 Animations  fz | ListFiles 5 Fatique-Analysis 1z MEANS-Android =

Contour of Stress
von Mises Stress

- 98682

84.601

70521

56 441

42381

28.280
- 14.200
O

01187

Edit BB
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