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Part 10: Bending and torsional moments an a shaft
with MEANS V12

The shaft consists of 2 shaft sections with D = 50 mm and d = 25 mm and a shaft
radius of R = 2.5 mm.

50 mm

A=25mm

60 mm

The shaft is loaded with a tensile load of 10 000 N, a bending moment of 10 000 Nmm
and a torsional moment of 10 000 Nmm. How big are the deformations and stresses.

Tensile load = 10000 N Bending moment = 10000 Nmm Torsion moment = 10000 Nmm
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Create FEM model

The shaft can be generated with MEANS V12 in line mode as in a CAD.

First of all, a half-shaft cross-section is used to generate a 2D mesh with triangles or
quadrilaterals. From this, a pentahedron or hexahedral element mesh can be
generated with the 3D rotation generator.
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Red Line = Rotation axes Y =0

The lower line runs at Y = 0.1, which ensures that at Y = 0, the lower surfaces of the
hexahedron or pentahedron do not overlap each other incorrectly. Choose tab "File"
and "New" to create the model in line mode.
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Create nodes

First, 7 nodes must be entered. On the Line Mode tab, click “New” for Node 1 with the
coordinates X =0, Y = 0.1, Z = 0. With menu "Create single node" create node 1.

Create the remaining 6 nodes in the same way:

Node 2
Node 3
Node 4
Node 5
Node 6
Node 7

110/0,1/0)
110/25/0)
50/25/0)
50/15/0)
0/12.5/0)
47.5/12.5/0)

.~ N A~ A~

Now all nodes should be visible on the screen

Projekt bearbeiten FEM-Analyse Ergebnisauswertung Trainin g
Foige |
5 [10% = Zoom 0.1 - Trackball | ¢
i K 1. Hauptansicht |~ @ 1. Flachen-Modus - | - L ey L¢
eeeee Rotate X - | [v] Axis Cross
Linien-Modus aktiviert (P
) = [m] x
.
nzelknoten e
Linien erzeuas
Rechteck / Krei
Knoten manipulieres
Knotenbereich kopieres
4 : Knoten vereinen
Knoten pruf
Netzgeneratoren
"5 2DNetzgenerator
6 7

3D-Netzgitter

EG= [1 v New

= = DXF-Linien einladen

UNDO / REDO

Linien-Modus beenden

Save node model

Save the model in the directory C:\ Projects\shaft\cad1.fem or any other directory so
that the node model can be loaded again at any time.

Create arc

This is followed by the entry of the circular arc with the radius 2.5 mm, select the menu
"Rectangle / circle" and enter the center point 47.5 / 15/0, the radius = 2.5, the
screening = 4 and the start angle 270 and end angle 360 and select "Create arc" menu.
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85 Rechteck oder Kreisbogen

Kreisbogen  Rechteck

Neu REDO
Alduelle Elementgruppe:

Kreisbogen-Mittelpunkt:

*-Koordinate: 475

oot
Z-Koordinate: 0.00

Radius:

Rasterung:

Anfangswinkel: 270

Endwinkel: 160

Kreisbogen erzeugen

Cancel

There are now 10 nodes and 4 lines:

PITM -

datei | Ansicht  Metzgenerierung

\9 :
e ]
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FEM-Projekt bearbeiten  FEM-Analyse  Ergebnissuswertung  Training

FEM-Zuladung | Import: STL ~ | MEANS-

1. Chprojekte\wellenabsatz\cad1.fem
MPC-Kontakte | Export: DxF - || SHELL i

Einladen ry Sichern 1y Vereinen CAD Extern Pfade‘ Ta Zuletzt gedffnete FEM-Projekte
e
5
"5 .7-;9'0
=
Y
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Punkte und Linien erzeugen

o ..r"]

nur vorhandene Knoten

fur Selektion anzeigen

In line mode with menu "Create lines" you have to create 6 lines:

Line 1: connect node 1 to node 2
Line 2: connect node 2 to node 3
Line 3: Connect node 3 to node 4
Line 4: Connect node 4 to node 5
Line 5: Connect node 6 to node 7
Line 6: Connect node 1 to node 6

gt — ] X
Flachen Knoten  Linien

Anzahl Eckknoten = 10

Knoten ~

Knotenbersich erzeugen

Knotenbereich erzeugen
Flachenknoten
Flachen-Randknaten

Knotenbersich i5schen
Knotenbersich l5schen

Knotenbarsich Snderm
Koordinaten-Fakior
Knoten: [ 6 EDIT

x [0

v [12
Knoten numerieren
[ Bemente numeriersn

[ Bementgruppen numerieren
[ Lastwerte anzsigen
Knoten-Size editiersn

Sze= [romal
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Enter line 6

Activate the upper option "Point" and double-click on the node 6 on the model so that
its coordinates are displayed in the Dialogbox, then activate the lower option "Point"
and click on node 1. Finally, with the menu "Line generate" create line 1-6. It may also
be useful to enter the node and element numbering.

ol
Omie [E]
Y-Koordinate: 125
|
® e
() oder mit allen angezeigte Knoten verbinden
[ i 1 T =
Anzahl Knoten pro Linie: 2 |
Linie erzeugen
Anzahl Elementgruppen: | 4 oK
1
Anzahl Knoten: 10 oK
Anzahl Elemente: 5 | QK
Element léschen: oK
Cancel

o o O 4
Fachen HKnoten | Linien

Anzahl Eckknoten = 10

Knoten w
Knoten anzeigen
Knotenberaich arzaugen
Knetenbereich erzeugen

Flachenknoten

Flachen-Randknoten

Knotenbereich loschen

Knotenbereich loschen

Knotenbereich Sndem
Koordinaten-Faktor

Knoten: EDIT
X i)
¥ i
Knaten numeriersn
Elemerte numerieren

|:| Elementgruppen numerieren
|:| Lastwerte anzeigen

Knoten-Size edtieren:

Grifie= | .00

Size=  |nomal w

The border of the half 2D shaft now consists of 10 nodes and 11 lines and a triangle

mesh can be created.
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=]

= [m] x

Flachen Knoten = Linien

Knoten: Neu
% |49.3097
¥ 1404329

Knaten erzeugen

Einzeknoten erzeugen
Linien erzsugen

Rechteck / Kreis

4 3 Knoten manipulieren
Knotenbereich kopieren

Knoten versinen
Knoten prifen

10 Netzgeneratoren

2D-Netzgenerstor

30 Netagter

G- [1 ~] [ e

DXF-Linien einladen

LUNDO # REDO

v Linien-Modus beenden

Select either the "Mesh Generation" tab or the "2D Mesh Generator" line mode menu
and generate with a mesh density = 100 a not too fine triangle mesh of 1028 TRI3S
elements and 574 nodes for the next step.

o5 2D-Metzgenerator — O X

vaon Elementagruppe: bis Elementgruppe: | 1

Elementtyp: |THI35 v |

Metzdichte:

100 v|

Fanaradius: rEE-SE

(] QuUAD-Viersckenetz erzeugsn

[] 30-Modell extrudiersn

&n

Knoten prifen Metzverfeinerung

Cancel Tutonal FEM NETZE GENERIEREN
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Create 3D volume mesh

This 2D mesh now serves as a template to generate a rotation mesh of pentahedron
elements. Select the "Mesh Generation" tab and the "Quad Mesh, Refine, Delete"
menu and in the next dialog box the "Rotate" tab to generate a rotation mesh.

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

[imun
H TH

Knoten-Uberlagerung

Quad-Metze, Verfeinern, Laschen

Jacobi-Determinante testen

E::: i

iD-Netzgenerator mit STEP, STL, IGES = 2D-Netzgenerator o Metze manipulieren T Netze priifen

Metz aus Flachenmedell

Netz aus Fldchenmodell 2

/N

v
Nz

L]
e

[N/
h

Ay,
05
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o5 Quad-Metze, Verfeinern, Laschen.... — O

Vierecke  Verfeinem Konverer Extrudiersn  Rotieren  Laschen
Es wird ein Balken-, Dreiecks- oder Vierecksnetz mit Z=0 benctigt
- e Lage der Achse
Metzdichte dber Umfang = iz _
(®) harizontal
Y-Wert der Rotationsaches =
Anfangswinkel = :I Vorderansicht

(@ XY-Ebene
Endwinkel = 360 O ¥ZEbene
DOxF UNDO 3D-Rotationsmodell erzeugen Cancel

Select a mesh density of 32 and set the Y-value of the rotation axis to 0.0 to create a
model of 32896 PENG6 elements and 18368 nodes. This is followed by a review with a

new hidden line and surface model.

Ohne Dberprifung:

Strukturmodell hat 98688 Knotenpunkte und 32896 Elemente sowie 1 Bementgruppe

Mit Ubemprifung:
Strukturmodell hat 18368 Knotenpunkie und 32856 Elemente sowie 1 Elementgruppe

Fangradius: 0000001

] Einzelne Knotenpunkte chne eine Element-Verbindung laschen

Cancel MNumerierung prifen
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G FEM-System MEANS V11 - Strulturdtei Co\ projektelwellensbsatz\ netz  fem - x
e -
e g:‘“;‘(”m gi‘::‘::n' [10% -] ’ [ 1. Hauptansicht ~\i @ 1. Flachen-Modus -\i mi‘ ) gz::;
LE e S R S e il

Now enter a tensile force, a bending moment and a torsional moment using MPC
beam elements (yellow lines) in the line mode.

Fz1=-EmN Hebelarm = 20 mm

F>=10000 N
z Hebelarm = 20 mm Fyq=-500N Fﬁ*“"

F22= 500 M

) B S8

Tensile Load 10000 N Bending moment 10 000 Nmm  Torsional moment 10000 Nmm
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Create a Axial Load

Select the "Edit FEM project" and "Bending and torsional moment" tabs and define an
Axial Point Load in the X direction of -10000 N that is not loaded to an FEM node but
to an outside node point MP(-20, 0, 0).

-10000.00 N e
MP

Select the "Edit FEM Project" tab and select the "Bending and Torsional Moment" load
type from the drop-down menu.

- I
N il View  MeshGeneration | Edit FEM-Project

F .3. Surface Load M! D—+ 1. E

. |Point Load y-Conditions [ St

. |Line Load
. | Surface Load

Gravitation Load

Centrifugal Load

Temperature Load

Bending and Torsional Moment
Monuniform Loads

Edit Load Cases

- T R
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In the new dialog box, first select the "Step 1: Select Surfaces" menu and click on
surface 4 to list all nodes of this surface.

udl Bending and Torsional Moments = O X
® Paint Load () Bending Moment () Torsional Moment
Step 1: Select Sufaces
Fpq=-500N Hebelarm = 20 mm
= 21 — =
MP g Fz=10000N l wwawm=mrnm Fyy=-50N MP Fyg® 00N
| Al Edges | 4 =
7 B | —
- Knoten 7161 A506 =125 - _
043 - Knoten 7145 = X 0 Y -5.45392E-07 2125 Al Nodes ot i .
- Knoten 7155=X0Y 115353._-1 68258 k ' w =i [y, = =
- Knoten 7139 =X : - -
- Knoten 7160 = KDY 3t T
~Knoten 7144 =X0Y 23 B e )
i Loadcases = 'FL\
= Knnten 7143 KDY 593951 Z10.363 _ = "
~Knoten 7151 =X 0 Y-11 5898 7 4 68258 FRIOEIEE
- Knofen 7152 =X 0¥ 12
; 3 : Fx1 - [1000 o= | MPx = X Distance=
."-Kr t "147 X0Y-468258 2 11. 535
— = M- | M- | MPy- [2900232] YDitance= [0 |
FZ1= 10 FZ2 = MPz= [-3576275| Z Distance=
Step 3: Create a Point Load without Lever Am D - EI
- - AT SRR EI | Step 2: Calculate MP Coordinates |
REDD | | Concel | TleverAmNo.1=[0 | YlevermiNo2=[0 |
ZleverAmbo.1=[0 | ZleverAmNo2=[0 |

Define nodal load

Activate "Point Load" and enter only FX1= -10000 N. Since neither a force couple nor
a lever arm occur, all other fields must be zero.

Calculate MP node

Choose menu "Select All" to select all nodes and deactivate the two center points of
the surface with the STRG key. Enter the MP distance in the X direction = -20 mm and
calculate the MP coordinates using the "Step 2: Calculate MP with distance" menu.

Generate a Point Load without a lever arm

Now select "Step 3: Create a Point Load without lever arm" to create the Axial Load in
the X-direction outside the FEM mesh.
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Create the Boundary Conditions

First, the lower surface is clamped with Surface 5 in the X, y, and z directions.

To do this, select the “Edit FEM project” tab and “Boundary conditions” and choose the
X-, Y- and Z Direction and “Select Surfaces” as well as “Create RBs” in the RB dialog
box and click on the Surface 5. This is displayed in the select box, create the boundary
conditions there with “Create”.

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

F 1. Point Load - D—+ 1. Boundary Conditions ~ D i / & [oad E'!
—- = ¥ . Loads % '
A Show Loads Boundary-Conditions Show Boundary-Conditions Element-Groups | Material-Datas | Editor Tempe

Surface Modus is active - Surface= 5

ey

Suface 5 DELETE
CLEAR
EDIT

- &
Nodes Surfaces \/

Elements Edges

CANCEL CREATE 85 Boundary Conditions

Mumber of Boundary Conditions 672
Value of Boundary | 1E-10

Constrairts displacement in

in ¥ Direction in Z Direction [ *f-Rotation Clamped fixed

in Y Direction [ X-Rotation [] Z-Rotation
Selection:
@ Select Surfaces (O Dragging a model region

(O Define a coordinate range

Edit BC-Symbols-Size

Tum BC-Symbols Colors -

Cancel Editor Create BCs |

Delete BCs

FEM-Analysis

Select the “FEM Analysis” tab and “Statics” to calculate the displacements and nodal
stresses with the quick solver.

In the quick solver dialogbox, select “C3D8 (8-node linear isoparametric element)” for a
quick FEM Analysis and the button “Start FEM solver with INP interface”.

After closing MEANS V12, the FEM analysis is started in a Windows window and ends
after a few seconds with a beep.

Then the button "Start Postprocessing MEANS V12 for DirectX11" can be clicked to
display the FEM model again in MEANS V12.
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@7

Files View Mesh Generation Edit FEM-Project FEM-Analysis Postprocessing
... T h TSR Structure Model
= . Statics elect FEM-Solver ' 3
§=E Model Dimensicns u
FEM-Analysis T Select FEM Structure Info ¢ FEM-Assistent 3
85 Finite Element Analysis — O X

C:hprojekte torsionsmoment penkl fem

Select Solver— oo o
) MEANS-Solver (®) Cuick-Salver

Step 1: Starting FEM Analysis

Step 2: Starting Postprocessing

Select FEM Solvers Define Resulis

Cancel

FEM-Projekt: C:\projekte \WELLEN ™1 pen&

Bitte warten: FEM-Analyzse von 32504 Elementen und 18631 Knotenpunkten. ..

Postprocessing MEANS V11 for DirectX11 starten

Rechenzeit: 0:0:0:5:350

STEP 1
Static analysis was selected
Decascading the MPC's

Determining the structure of the matrix:

number of equations

54783

number of nonzero lower triangular matrix elements
1591629

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.
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Postprocessing

P 4
Select the "Results evaluation" tab and the icon m to evaluate the displacements
and stresses graphically.

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

Displacement-Factor Legend 1 v DXF-Postprocessing FEM INP e
B i Show Results FEM-FRi
Pick, Search Values Diagram 1 - Value-Animation - STA FRD
Postprocessing & Factor/Values = Legend/Diagram rz Animations: L | ListFiles Fati
o) Postprocessing - O *
Results:

() Contour of Displacement
(@) Modal Stress Contour
(") Blement Stress Cortour

Load Case:

{_) Reaction Forces
(") Contour of Forces

Accuracy:
Edit Accuracy: Digplacement Factor
' Edit Colours for Legend

Pick, Search, Save Values

1

(L]
P

Select Result Component:

v

von Mizes Stress
MNomal Stress Sigma x
MNomal 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
3rd principal Stress 53

Can

Define neutral Stress Range

Select “Element Stress Contour® to display the v.Mises Element Stresses. Since only
the element stresses in the shaft shoulder are of interest, the higher stresses on the
beam elements can be masked out either with a smaller maximum value or with a
neutral stress area.

To do this, select “Displacement Factor” and define the following neutral stress range
with an X range of -15 to +25 and a substitute value of 15:
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a5l Settings for Postprocessing = ] >

Displacements
() Structure only with Displacements
@) Structure with and without Displacements

Vireframe () Edge Model
without Displ.: - with Displace.: -

() Structure without Displacements

Displacement Factor

Stress-Value for Range: Accept

wihout | | Caleiate | [ Tumi | [ - ][+

Setting a Range of max. and min. Yalues

Max. Value: 5124633 Default
Min. Value: 0.53256 | Defauilt

[] Mo Secondary Stresses on Loads and BCs

Define a neutral Stress-Range:

®) Range switch OFF () Range switch ON
from X: -15.256 to X: 25
from " -25 oY 25

Range-Value: |1

from Z: -25 to Z:
K

Cancel [ oK

Exact result according to Roloff-Matek:

F= 10000 [N] !
D= 50  [mm] iNEEaN i e
= 25  [mm] s — fal- ol | —=
r= 25  [mm] H |

F [ & ] j Ill |
6, =—— — |
_od [mm iy I'.I
t 1
10000
BT
mE= ke
- LAl I
' N 1 wrE !Iil.l,l.hl;i'\‘-_ 13
- 20,37 L. IR RS
| i | 1Y LR e
= - &1 T H"'"*.' g o
* L R T e iy L
G =0 %y | — LY e e A
AN, A £ |-H”|I|I M.I:l\ “W;_ ‘:- = .: -
=2037#2 S =
- I'ﬁhl' - E
=40,74 | m— !
I nm- | !

quelle: mRoloff) watek Maschinemslemente; 15, aullage; sugust 2001; vieweq verlag
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The maximum v.Mises Stresses is 40.77 N/mm?, this value also agrees well with the
exact calculation according to Roloff-Matek with 40.74 N/mm?.

- LASTFALL= 1 nl
Vergleichsspannung
v.Mises

- 40.775
| _I 35.026
)
23523
17.779
12,01
- 62817
- 0.5329

Bearbeiten D [+
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Create a Bending Moment

The bending moment of 10,000 Nmm is defined as a force couple Fx1 = 500 N and

Fx2 =-500 N with a lever arm of 20 mm in Z direction.

-500.00 N

Select the "Edit FEM Project" tab and select the "Bending and Torsional Moment" load
type from the drop-down menu.

In the new dialog box, first select the "Step 1: Select Surfaces" menu and click on
surface 4 to list all nodes of this surface.
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a5l Bending and Torsional Mements — O =
() Paint Load (®) Bending Moment () Tarsional Moment
Step 1: Select Sufaces |
Fyq=-500N Hebelarm = 20 mm
& Fys ——
: MP 4 Fz=10000N l fgream -2 Fyg=-50N P Frp 50N
All Edges | MP ™
' Ifzzzwun
Al Nodes | A
| FEE aAm dlEs
Sekct Al |

Y 4.68.
10.363 Z -6.38391
0.363 Z 6.98991

Loadcases = ‘,:_“
Actual Loadcase= 7 !
FYi= D FY2 = D MPy = Y Distance= EI
Step 3: Create a Bending Moment with Lever Am | o D - D T e e D
KleverAmNo.1=0 | XleverAmbo2=[0 | I R e VR R e |
~ REDD | [ cance | YileverAmio.1=[0_ | YileverAmNo.2-[0_ |

Z Lever Am No. 1= 10 ZleverAmNo.2- [10 |

Define Bending Moment

Activate "Bending Moment” and enter Fx1= -500 N and Fx2 = 500 N with a Lever Arm
in z direction No. 1= 10 mm and No. 2 =-10 mm, all other fields must be zero.
Calculate MP node

Choose menu "Select All" to select all nodes and deactivate the two center points of
the surface with the STRG key. Enter the MP distance in the X direction = -20 mm and
calculate the MP coordinates using the "Step 2: Calculate MP with distance" menu.

Generate Bending Moment with lever arm

Now select "Step 3: Create a Bending Moment with lever arm" to create the Bending
Moment.
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Exact result according to Roloff-Matek:

M= 10000 [N*mm]
D= 50 [mm]
d= 25 [mm]
r= 25 [mm]

M N
= - —
d nam”

r o )
=652 1
THm

]
¥ ]

7
min”

=652+176

=1147 N ]

e I_mm-

The v.Mises Stress is 11.99 N/mm?, this value also agrees well with the exact
calculation according to Roloff-Matek with 11.47 N/mm?.

| LASTFALL= 1

!
Vergleichsspannung
v.Mises

- 11.993

10.280
8.5664

6.8532

5.1400
34263

0.0005

Bearbeiten D 5

11.983 Nfmm?*
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Create a Torsional Moment

The torsional moment of 10000 Nmm can also be replaced by a pair of forces with two
equal forces FZ18370 = 500 N and FZ18371 = - 500 N and a lever arm of 20 mm.

-500.00N

500.00 N

You can easily generate this load from the previous load by changing the degree of
freedom in the X-direction FHG = 1 to the Y-direction FHG = 2 with “Editor”.

ung | FERI-Projektbearberten | FEM-Analyse Ergebnisauswertung Iraming
[1. Randbedingungen - | [ | P
Randbedingungen [¥] Randbedingungen darstellen Elementgruppen Materialdaten | Editor Termperatur
Knoten-Modus aktiviert I}
‘Q Belastungen - O N
Nr. Knoten FHG Wert
3l 18370 2 500
bl 500

Aktueller Lastfzll < > Anzahl Lastfale:
Anzahi Lasten/pro Lastfall: Lasttp: |1 Knoterlast

| Neuer Lastfall erzeugen | Lastialle tibetagem |
| Lastfall l6schen | | Lastialle addieren und kopieren |
| Lasffall-Faktor | Temperaturiast eirlesen |
| Flachenlast->Knotenlast | Freiheitsarade andem |
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Exact result according to Roloff-Matek:

30T T T T
Y r
= 10000 [N'mm]
= 50 [mm]
= 25 [mm] ¢
r= 25 [mm] H
r.7_ [X)
" d’ |_.lmn“_| 201
TF— -
16
_ Loooo
‘Tﬁz'_{:
16 -:lilll-l -;ll o
=326 —l
| mmi* |
F N3
T:.u=0'.3ﬂ'£' l_m_l -._L-I_ 1
=3.26+147 :

I}

ik

I

b=1
oo
= |
2=
—

The v.Mises Stresses is 5.08 N/mm?, this value also agrees well with the exact
calculation according to Roloff-Matek with 4.79 N/mm?,

Vergleichsspannung
v.Mises

- 74913

6.4220

5.3527
42834
32141 - 5.08 N/mm?
2.1443
- 1.0756

0.0063

Bearbeiten D +|
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