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Part 39 - FEM-Analysis of a Rod End and Bearing Shell
using MPC-Elements

The rod end cannot be calculated accurately enough using a "normal" FEM analysis.
Therefore, the use of rigid beam elements, also known as MPC elements (multi-
point constraint elements), is required:

® To transfer the tensile load from the shaft to the bearing shell, a reference point
in the center of the shaft must be connected to a node area of the bearing shell
using MPC elements.

® To firmly connect the bearing housing to the bearing shell, surfaces of the
bearing housing can be connected to surfaces of the bearing shell using MPC
elements.

® |n addition, the bearing housing and bearing shell must be meshed separately
and combined using an FEM load to obtain two element groups for the elastic
moduli of the steel housing and the aluminum bearing shell.
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Tensile load acts outside the FEM mesh and must be transferred from the shaft
center to the FEM nodes of the bearing shell using MPC elements.
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LASTFALL= 1 [~ |
Contour of Stress Vergleichsspannung
von Mises Stress v.Mises
- 4761.03 - 510.75
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36258
267238 251.04
1992.83 21951
131268 14798
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Edit -

Bearbeiten  [-] [+

Lagergehduse und
Lagerschale sind
liber MPCs verbunden

Lagergehduse und
Lagerschale sind
nicht verbunden

V. Mises stress of the bearing housing and bearing shell without a connection (left)
and with MPCs of the bearing housing and bearing shell (right and below).

o5 MPC-Elemente = [m] x
FEM-Modell hat 18030 Elementen und 3868 MPCs

(@) Kontakte sutomatiech berechnen flangsam) max. Kontakt-Winkel:
(O Eingabe von 2 Kontakiflachen Abstand: Q<01 ®<=05 () >05
(O} Eingabe eines definieten Knotenbereiches minimle MPC-Lange: L5
maximale MPC-L3nge: | 4614623
Check MPCs with same nodes < 100

Check Numbering with Jacobi-Test 1

] MPC-Elemente ldschen

Kontaktberechnung starten Break Contact Anzahl Kortakte = 0
MPC-Element= 12031 K1= 2 L-2624 ”
MPC-Hemert= 18032 K 21-25% A bl
MPC-Element= 18033 K 2 =200
MPC-Element= 18034 K 2 1-3289
MPC-Element= 18035 K 2 [=4264 B
MPC-Bemert= K - 2 [-4235
21=3183 Sortiersn
K 2 1=203%
K 2 L-3.020
K 21=209 Léschen
MPC-Blement= K 2 =401
MPC-Element = K 2 1=3902
MPC-Blement= 18042 K = 2 L=2251 v [0 ]
MPC-Bemert= K 2 L-4016 o
MPC-Element= 18045 K 2 L=4440 e
MPC-Element= 13045 K 2 1-3698 :
MPC-Elemert= 18047 K 2 1-2847 Bersich loschen
MPC-Blement= 18048 K 21-4397
MPC-Blement= 13043 K 2 [=1823
MPC-Blemert= 12050 K 2 1=3012 Neue EG
MPC-Bemert= K 2-2278
MPC-Element= K 2 1=2290
MPC-Blement= 18053 K 2 =276 ¥

Help Cancel
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Meshing the Rod End

In MEANS V14, select the "New" tab and the "3D Mesh Generator GMSH (STEP)"
menu to generate an FEM mesh with 151,846 tetrahedra and 40,139 nodes using

the "3D" menu.

ﬁ_‘:

Q7 -

Datei Ansicht Netzgenerierung FEM-Projekt bearbeiten FEM-Analys:
| Ili " FEM-Zuladung | Import: STL ~ | | .
‘ K / MPC-Kontakte | Export: DXF ~ e
Meu 15 Einladen ra Sichern rz Vereinen CAD Pfade o
sl MEUES PROJEKT = m| X

(@ 3D-Netzgenerator GMSH {STEP)

() 2DCFD-Simulationen mit FLOWDXF (DXF)

NEUES PROJEKT

() 3D-Metzgenerator NETGEN V1 (STEF, IGES, 5TL)

() 2D-Netzgenerator NETGEN V2 fir komlexe Strukturen
() 2D-Netzgenerator FEMM fiir komplexe Elementgruppen

() Neues FEM-Projekt mit Balken-Linien-Modus erstellen

The FEM mesh must be exported in "Abaqus-INP" format, which can then be
imported into MEANS V14.

A G

[ Modules
Geometry
G Mesh

[# Define

Optimize 3D

Set order 1
Set order 2
Set order 3
High-order tools

Partition
Unpariition
Smooth 20
Recomkine 2D
| Reclassify 2D
Experimental
Reverse

Eile Tools Windew Help

Optimize 3D (Hetgen)

Refine by splitting

[# Delete
Inspect
Save
Salver
A Export
& v 4 < fkm 5 gelenkkopf mit La

Organisieren = Neuer Ordner

fachwerke A Mame
fkern

autocad

ezenterbolzen

gelenkkopf mit Lagerscha

gelenkkopf ohne Lagersch

lagerbock v <

~ 0

gelenkkopf

Es wurden keine Suchergebnisse gefunden

Anderungsdatur|

Dateiname; | gelenkkopf_mit_lagerschale.inp

Dateityp: | Mesh - Abagus INP (%inp)

A Ordner ausblenden

0421875s)

Abbrechen

[\ statistics
‘ Geometry Mesh Post-processing
33270 Nodes
&4 Points
1640 Lines
34784 Triangles
0 Quadrangles
151848 Tetrahedra
0 Hexahedra
0 Prisms
0 Pyramids
0 Trihedra
0.0501304 Time for 1D mesh
176146 Time for 2D mesh
566211 Time for 3D mesh
Plat
Plot
Plot

3D
3D
D

Compute statistics for visible entities only

Memary usage: 422 078Mb

Update <
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Different Young's Moduli

If two different Young's Moduli are to be used for calculations, the bearing housing
and bearing shell must first be meshed separately with GMSH and then combined
using an FEM load.

Teil 2

Teil 1

w Datei Ansicht Netzgenerierung FEM-Projekt bearbeiten FEM-Analyse Ergebnisauswertung Training

| D - FEM-Zuladung | Import: STL - | | S —— =
’ Nprojekte\fkmigelenkkopf mit Lagerschale
K / MPC-Kontakte | Export: DXF - i l = J £ =
Meu | Einladen = Sichern i Vereinen CAD Pfade Zuletzt gedffnete FEM-Projel
! FEM-Zuladung — O b4

FEM-Zuladung starten
Cancel
|
|
= I
ON EG=1
ON EG=2

Fur neue Farbe auf Farbrahmen kiicken

ales Drahtgitter sichtbar

Rafresh Hidden-Line

Gruppen 1- 7 ~

MNeus Elementgruppen smzeugen |
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Creating a Tensile Load with a Node Area

Since the shaft is not meshed, the tensile load must be defined with a reference
point in the center of the shaft and connected to a nodal area of the bearing shell

using MPC elements.

Define and shorten the range of nodes

In Node Mode and the "Surface Nodes" menu, create a range of nodes area of the
Surface 6. Switch to "Wireframe" to shorten the Z-width to "31 mm to 47 mm" and

Knotenbereich erzeugen

Fachen Knoten  Linien

Anzahl Eckknoten = 40140

Knoten anzeigen
Knotenbereich erzougen

Knotenbereich erzeugen

Flachenknoten

Fachen-Randknoten
Knotenbaraich ldschen
Knotenbereich laschen

Selection

85 Knotenbereich erzeugen

Bitte mit der Maus ein Rechteck aufspannen oder einzelner Knoten anklicken!

Anzahl Knotenbereich = MNeu
Knotenbereich aus Knotenbereich erzeugen Help

() Rachenmodel

Knotenbereic-h sichem

Knotenbereich einladen

(® Koordinatenbersich

Knotenbereich erzeugen

Cancel
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Create MPC Elements

Now select the "Edit FEM Project" tab and the "Bending and Torsional Moment"
menu to connect the nodal area to a reference point.

ﬁ FEM-System EAMS -
@ 7 [ -
Anszicht

Datei MNetzgenerierung F

B D

dbedi

F ,(: [l (.
kKnotenbelastun
_.- by g

Belastungen knotenbelastung

Linienbelastung
Flagchenbelastung
Gravitationsbelastung
Flishkraftbelastung

Temperaturbelastung

Biege- und Torsionsmoment
UngleichmaeBige Radiallast

Lastfall einstellen

Use "Create Range of Nodes" to display the points in the dialog box and reduce the
number to "100" because the Quick Solver can "only" calculate 100 beam elements
with a common node. Then use "Step 2" to create the MP point and "Step 3" to
create the MPC elements. Without much input, you have now generated an
extended FEM model with reference point 40 140 and element group 3 consisting of
beam elements.

85 Bending and Torsional Moments — (] %

(®) Point Load/Fivot Bearing () Bending Moment () Torsional Moment

Schritt 1 Step 1: Select Knotenbereich (® Surface Nodes

1r2, =500 N Hebelarm = 20 mm

Edge Nodes -
() Edg fggoeam = 20mm Fyy=-50N Mp Fyp 500N

WoN

Knoten 5583 = X 60.21854 ¥ 141.3014 7 32 61394 ~

Knoten 5392 = X 56.51177 ¥ 1452701 Z 3481174
Knoten 5395 = X 58.96133 Y 143.234 7 31 51579
Knoten 600D = X 57.54126 Y 144.5121 Z 34.81667
Knoten 6006 = X 54.29166 Y 1465313 Z 43.60639
Knoten 6119 = X 57.02745 Y 144.906 Z 38.11335
Knoten BU26 = X 51.91827 Y 147.4243 7 3478979
Knoten 6051 = X 53.12076 Y 1470248 Z 39.21513
Knoten 055 = X 57.01707 Y 1449136 Z 42 51018
Knoten BUG3 = X 58.02094 Y 1441136 7 42 51986
Knoten B0G7 = X 58.95035 Y 143 2451 Z 44 72596
Knoten B071=X 5338177 Y 142 7919 Z 45 82303
Knoten 6080 = X 60.20141 Y 141.8235 7 45.82616
Knoten 6100 = X 60.58117 Y 1413181 Z 44.72866
Knoten 114 = X 49.51603 Y 147.9267 Z 32.63036
Knoten 6118 = X 49.52911 Y 147.925 7 41.43647
Knoten £127 = X 48.41674 ¥ 148.0332 Z 34 56722
Knoten 6129 = X 48.32196 Y 148.0389 Z 45.96667
Knoten £130 = X 49 72271 Y 147.8383 7 36.94555
Knoten 6155 = X 49.2592 Y 147.9584 7 37 80129
Knoten 6182 = X 49.15755 Y 147.9698 Z 31.40004
Knoten 6183 = X 49.15381 Y 147.9702 7 40.2667
¥

Step 3: Create a Bending Moment with Lever Am

REDO Cancel

) Inner Modes

Complete = 405

Activate =

Select Al

Reduzieren auf

Reduzieren

Sort in X Direction ~

Loadcases =

Actual Loadcase=

FZ1= |-500

X lever Am No. 1= |10

Y Lever Am No. 1=

i

Z Lever Am No. 1=

Mpfrzn:

- e

MP
er:xmnN

% Lever Am No. 2=
¥ Lever Am No. 2=
Z Lever Am No. 2=

Elementgruppe =

X Distance= |0

MPy = | 145339 Y Distance=
MPz= | 39.24268 ZDigtance= |0

| Step 2: Calculate MP Coordinates
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A new element group 3 with the MPC elements is now available:

EG= 3
(o] EG=1
oN EG=2

m
o

Fir newe Farbe suf Farbrshmen kiicken

ale Drahtgitter sichtbar

| Refrach Hidden-Line |

|Gn.|p|:uen =7 b

| Meus Elementgruppsn ezeugsn |

A

Select "Edit FEM Project" and "Editor" as well as "Nodal Coordinates" and set
reference point 40141 to the shaft center with a Y value of "132" lower.

. - T e
Sanebedings paeh u /i Knotenkoordinaten |E|| .

l
Aandbedingungen [] Randbedingungen darstellen Elementgruppen | Materialdaten |

Elementgruppen Temperatur
Infozeile I
= Elementknoten
B8 Knotenkoordinaten — O Knotenkoordinaten
Nr. *-Koordinaten Y-Koordinaten Z-Koordinaten Materialdaten
40124 17.354738 139.789 3716368 Randbedingungen
4mzs 43.77436 7h.3408 52.29285 Belastungen
40126 26.82882 154.3176 46.96958 e hiiaring
4127 53.03777 50.68516 54 37554
40128 23.42978 105.6771 33.03%07 Lectiing
40123 30.52461 152.1665 36.45245
40130 48.44052 160.0263 44 45756
4013 67.81513 26.13568 4643423
40132 40.48217 8560816 36.58051
433 4312135 5764807 4241248
40134 58.78431 23141 2450636
40135 31.3464 97.53565 32.53728
40136 66.9746 32.91992 51.83716
40137 40.09093 29.63552 57.64174
40138 52.15054 90.49587 33.19142
40133 40.03788 75.15919 31.25525
40140 65.1213 41.6398 34 82817
. | | 5
ok ] Koordnger Faktor
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Edit Loads

Select "Editor" and "Loads" again and enter a value of "90000" N in the Y direction
at reference node 40141.

This menu can also be used to delete a load case or change the number of load
cases and the number of load values by clicking on the cells and entering a new
value.

[ Randbedingungen v i T
E_R dﬁ g da 5{ i -=Jl - f | Belastungen | - |
an ingungen darstellen £l & Materialdat Editar T
ngen ementgruppen aterialdaten itor Edmentarsban Temperatur
Infozeile Ta

Elementknoten

Knotenkoordinaten

B8 Belastungen

Materialdaten

Randbedingungen

Belastungsn

Formoptimierung

L&schung

Akctueller Lastfal < > Arzahl Lastfale:

B2 Knotenlast erzeugen

Auellr Lastfal B B

Anzahl Lasten/pro Lastial Lastyp: |1 Knoteniast

Meuer Lastfal erzeugen Lastfalle Gberdagem
Lastfall léschen Lestfalle addieren und kopieren drell e i [ Mew |
et der Knotenlast: EHHHN {Einheit z.B. in N)

Flachenlast->Knotenlast Knotenlast-=Vorgeschrebene RBs

Knotenlast-=Linienlast Freit andem

| | | |
| | |
| Lastfall-Faktor | Temperaturast einlesen |
| | | |
| | | |

() %-Richtung () Z-Richtung

Selektion
(®) Flschenmoddg (O Rechteck aufspannen

alle angezeigten Knoten

Cancel | | Editor ‘ ‘ Belastung erzeugen

| Belastung I5schen

Set Arrow Size and Arrow Color

F
—

To change the arrow size, click the load icon *“**™*" and use the slider to change

the arrow size. Click the color box to change the arrow color.
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Create Clamping

The rod end is clamped firmly at the bottom. Click the icon in the "Edit FEM Project"
tab to clamp Surface 8 firmly in the x, y, and z directions.

85! Flichenmodell erzeugen

() wenig Flachen

(®) gesamt mit V13

() gesamt mit V8

(® nomal () viele
Facheneinteilung=

Hinweis

[ ] mit Kanten-Ubemprifungen

() Guick mit Bersich

Cancel

MNeues Flachenmodell erzeugen

s

However, the surface model must first be created using "Surface Mode," otherwise

no surfaces can be selected.

Anzahl Randbedingungen aktuell
Wert der Randbedingung:
Freiheitsgrad spemen
in ¥-Richtung in Z-Richtung [ *f-Rotation Einspannung
in Y-Richtung ] *-Rotation [] Z-Rotation
Selectiersn
@ Flachenmodus (O Rechteck aufspannen

() Koordinatenbersich definisren

RB-Symbole anpassen

RB-Symbole umdrehen

Cancel Editor

a! = O

Fachen  Knoten = Linien

Anzahl Sufaces = 19

- Surface 9
- Surface 10
- Surface 11
- Surface 12
- Surface 13
- Surface 14
- Surface 15
- Surface 16
- Surface 17
- Surface 18 2

Hidden-Line erzeugen
Hachenmodell erzeugen
Flachen sortieren/optimieren
Einzelne Fachen ausblenden
Einzelne Flachen einblenden
Schnitt-Surfaces
Alle wieder einblenden

Netz aus Flaechenmodell
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First FEM Analysis

Finally, the elastic moduli and material data must be entered via the "Edit FEM
Project" tab:

Element Group 1
Elastic modulus for aluminum = 70,000 MPa
Poisson's ratio = 0.3

Element Group 2
Elastic modulus for steel = 210,000 MPa
Poisson's ratio = 0.3

For the first FEM analysis, select the "FEM Analysis" and "Statics" tabs to calculate
the deformations and stresses using the Quick Solver.

ﬁ; EAMS W13
@7 -
Datei Ansicht Metzgenerierung FEM-Projekt bearbeiten FEM-Analyse Ergebnisauswertu
- Infos zum FEM-Modell o9
Statik b FEM-Solver wahlen |
g Modell-Abmessungen
Statile
| st FEM-Ablauf 15 Infos Strukturmodell i FEM-Assistent 15
Crynamike
Temperatur
Beulen
ol FEM-Analyse o O *
Geometrisch Nic
Kontaktbedingur C:\projekte fkm'gelenkkopf mit Lagerschale'tstdeg? fem
iy et Select Solver
Material-Nichtlin O MEANS-Salver @) Guick-Solver

Formoptimierung

Schritt 1: FEM-Solver starten

Schritt 2: Postprocessing starten

FEM-5olver auswahlen Ergebnisgrafien einstellen

Cancel
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No plausible results

Due to the lack of contact with the bearing housing, the plain bearing shell has been
spherically displaced from the housing and is no longer visible. A maximum
deformation of 1E+11 mm is displayed.

Deformation Factor

In the "Result Evaluation" tab, select the "Deformation Factor" menu and "Adjust."
The bearing shell will become visible again with a very small deformation factor of
1E-11.

o5

|
Verformungen darstellen
(O verfomte Struktur allsine darstellen

(@ verformte und unverformte Struktur zusammen

ohne Verformung: - mit Viefammung: -

() unveromte Strukiur alleine darstellen
Verformungen mit einem Faktor Gberhoht darstellen

Verformungsfaktor = 4.419928E-11 Obemehmen

kein Faltor Drehen - +

Max/Min Werte sstzen {um untere Bereiche hervorzuheben)

Maximalwert: E+11 | Zunlicksetzen
Minimalwert: 0 Zunicksetzen
Sicherheitsfaktor Sf

Sichemeitsfaktor S5F = aktuelle Spannung/Streckgrenze
zul. Streckgrenze (N/mm3 = 355

[ Spitzenspannung oder Sekundirspannungen ausblenden

[] Spannungsbereich ein- oder ausblenden

Carcel
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Connect the bearing housing and bearing shell

In "Surface Mode," select the "Sort/Optimize Surfaces" menu and hide the second-
largest surface 1 of the bearing shell with "OFF" to fix surface 4 of the bearing
housing with one click. Surfaces 1 and 4 can now be connected with "rigid" MPC
elements.

gl
5 - = -
Flachen sortieren  Alachenlast
Flachen  Knoten = Linien
Surface mm?# ON/OFF
7 ON Anzahl Surfaces = 13
1 OFF
11 gn - Suface 1 ~
4 oN - Surface 2
16 ON - Surface 3
3 138335 ON ;
8 105280  ON | e —
13 70548  ON  Buface B
15 69539  ON P peR
7 69539  ON ' - Sutace 7
18 692.01 ON - Surface 8
5 632.01 ON - Surface 5
9 450.00 ON - Suface 10
17 450.00 ON
19 27138 ON ox Srtace: 1]
14 27138 ON - Surface 12
10 251.53 ON - Surface 13
12 25153 ON - Surface 14
5
Alle ausblenden Alle einblenden Suface 15
- Surface 16
Ausblendungen als Drahtgitter - Surface 17
- Suface 18 W
Suche Fische: 0K

Hidden-Line erzeugen
(@ Sortieren nach Flacheninhalt in mm?

: Fachenmodell erzeugen
() Sortieren nach Blementspannungen -

[ Gesamtflache und Flachenlast Flachen sortieren /optimieran

oder Gewichtslast berechnen

R T T SR - T o

MPC Contacts

To generate the MPC contact analysis, which is a flexible alternative to surface-to-
surface contact analysis, select the "File" tab, the "MPC Contacts" menu, and then
select the "Input of 2 contact surfaces" option with area A =1 and area B = 4.
Furthermore, the maximum contact angle = 3 is a very important input parameter
that can often only be determined after several runs.

Start the calculation with the "Start Contact Calculation" menu. You can also cancel
it with the "Break Contact" menu.

@i -

Datei Ansicht Metzgenerierung FEM-Projekt bearbeiten FEM-&nz
L 4 M | FEM-Zuladung | Import: STL - .

| ;¥ / MPC-Kontakte | Export: DXF - |

Meu Einladen = Sichern YVereinen CAD Pfade 1o
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g5 MPC-Elemente

[ FEM -Modell hat 185753 Elementen und 37 MPCs [l

() Hontakte automatisch berechnen {langsam)

(@ Eingabe von 2 Kontaktflachen

{) Eingabe eines definieten Knotenbersiches

Check MPCs with same nodes < 100

max. kortakt-Winkel: |3

I I
|

ot

Bbstand: (O «=01 () «=05 (@ =05

minimle MPC-Lange; 1

maximale MPC-Lange: | 4856453

Il

Check Mumbering with Jacobi-Test Flache A:
Kontaktberechnung starten Break Contact Anzahl Kortakte = 2796
MPC-Blemert= 185754 K1= 40141 K2- 6184 EG= 3 L- 16.935 7 ' :
MPC-Element= 185755 K1= 40141 K2= 6141 EG= 3 L= 16.605 MECE e et
MPC-Elemert= 185756 K1= 40141 K2= 6119 EG= 3 L- 16.072
MPC-Elemert= 185757 K1= 40141 K2= £092 EG= 3 L= 17.092 STy
MPC-Element= 185758 K1= 40141 K2= 6066 EG= 3 L=17.038 ol
MPC-Hlemert= 185759 K1= 40141 K2= 6031 EG= 3 L- 16.160
MPC-Element= 185760 K1= 40141 K2= 6005 EG= 3 L= 16673 R
MPC-Elemert= 185761 K1= 40141 K2= 5383 EG= 3 L= 17.47 =
MPC-Blemert= 185762 K1= 40141 K2- 5861 EG= 3 L= 16.708 :
MPC-Element= 185763 K1= 40141 K2= 5808 EG= 3 L= 16.122 Lischen
MPC-Elemert= 185764 K1= 40141 K2- 5788 EG= 3 L- 16.520
MPC-Elemert= 185765 K1= 40141 K2= 5779 EG= 3 L= 16.426 -
MPC-Flemenfe 1BR7RE Ki= AM141 K722 R7RT FG= 1 1< 17815 | M

FEM model with 185,753 elements, 6,345 MPC elements, and 4 element groups:

ON EG=1
oM EG=2
ON - et
Fir neus Farbe suf Farbrahmen klicken

als Drahtgitter sichtbar

=

S I
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Postprocessing

After the FEM analysis, the following v.Mises stress distribution is obtained:

LASTRALL= 1
Vergleichsspannung
- v.Mises
]
|
=
211.25
168.43
.
22714
35,857
-
20625 30594
Bearbeiten D 674 90513
20612 304.87
20710 304 63
20770 303.54 v
| Gesamtes Modell |
| Beich || hinafiigen |
| Knotenwerte suchen |
| ASCl-Datei erzeugen |
[ 4 oder 2 Kommastellen
[] Wert = Dwenn < 0.0001
| Knotenwerte editisren

-




