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Part 13: Nonlinear Analysis with MEANS V11

A flat spring clamped on both sides is loaded with 6 kg or 60 N in the z direction. How
different are the displacements and stresses v.Mises, S1 and S3 between a linear
FEM-Analysis and a nonlinear FEM-Analysis with the add-on modul MEANS-NONLIN.
Please visit the website www.fem-infos.com for a free demo from HTA-Software.

Clamped fixed

: 6 Kg=60N
N *
o — - Clamped fixed
fifssi —-———_____'___'__'_-_-- I
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Currently, the following limitations for NONLIN must be observed:

- Only a point load in z-direction with max. 5000 nodes

- Surface loads must be converted into a point load

- only Dr.Kuhn-Solver can be used (Quick-Solver is not possible)
- max. 30 Load Increments are possible

Change Y- and Z-Coordinate Axes

For the point load in z direction we must change the Y- and Z-Axes with
menu “Edit FEM Projekt”, “Nodal Coordinates” and “Coordinate Factor”.

Edit FEM Project | Infos
| Modal Coordinates v Edit Coordinates

Element Groups Coordinate Factor |f
Element MNodes
Material Datas

Choose “Change y-values with z-values” and “OK” to change the y- with z-axes.


http://www.fem-infos.com
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Coordinate Factor

Input Factor

& Multiply ) Divide
O Add () Feplace
Change Axis

{7} Change x-values with y-values

() Change #-values with z-values

(%) Change y-values with z-values

Change Coardinates

# Coordinates ' Coordinates Z Coordinates

from node: [1 [] Using the selected nodes
tor hincle [1a071 |

Coordinate Factar. |4

[] toving point 0 /0 / 0 through the node: [1

Create the Surface Model

Create a moderate surface model with icon ﬂ and menu “Generate Surface Model”
with 30 surfaces.

il O - | B - P - -
Select Surfaces and Edges

Select Modes

| Gererate Surface Model |
Show Edge Model
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Create a Point Load

Select menu “Point Loads” and “Step 2: Create Point Load” and input the value of “-1”

ISR BRRskE R -

| Point Loads ’ | Step 1: Select Modes
Line Loads » Step 2: Create Point Load |
Surface Loads >

in “z Direction”. Choose “Select Surfaces” and “Create Point Loads” and click on the
surface 24 with a Double Click.

Create Point Loads

#ctual Load Case 1
Murnber of Loads :_U : Mew
Value of Load ‘||

| [forexample: M)
Degree of Freedom
() in¥ Direction & inZ Direction
) in*f Direction
[Colour of Azis: BLACK: X-Aais; BLUE: Y-fais: RED: 2-Axis)

Selection:

(%) Select Sufaces ) Dragaing a model region
() Select Nodes

() Define a coordinate range

Show the Loads: 'DDD1 | inorm;a.i =2

Cancel ] [ E ditar l [ Create Point Loads ]

’ Delete Loads ]

Select in the selectbox “Create” to create the point load with 113 nodes.

| Ziselection |- [O[X]
Surface 24 DELETE
[#] Nodes Sufaces
Elements Edaes

| canceL | [ cReatE |
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Edit the load values

Select menu “Edit FEM Project” and”Point Loads / Surface Loads” to edit the load

values.

Edit FEM Project | Infos

Modal Coordinates
Element Groups
Element Modes
Material Datas

| Boundary Conditions

Point Loads / Surface Loads

Optimization

| Delete

Calculate the load value by dividing the load of 60 N by the number of loads
113 to the load value of -0.53088 N.

of

Select “Load Factor” and input the Factor “-0.53008” and choose “replace” in order to
replace the load values.

Actual Load Cage: |_1 v <
Factor: |E1K|
) rultiply O divide
) add *) replace
[ CencEL | [ ok |

| hr. Mode FHG Value ~
, 13 3 |-0.53088
2 [14 |3 |-0.52088 b |
3 |15 E |-053088
4 |16 |3 |-0.53088
5 | 245 E |-0.53088
B 246 3 |-0.53088
7 | 247 |2 |-0.53088
8 |248 |3 |-0.53088
g | 249 |3 |-0.53088
10 | 250 3 |-053088
1 | 251 [3 |-0.53088
12 | 252 3 |-0.53028 =
Load Casze: |_1 (_ |}_ Load Cazes: 7 |
Mumber of Loads: |T13_| Load Type: |1 Faint Load
[ Mew Load Caze ] [ Combine Load Cazes ]
[ Delete Load Caze ] ’ Copy Load Caze ]
l Load Factar ] [ Convert Temperature to a Load Caze ]
[ Pressure-»Paint Load ]
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Create the Boundary Conditions

The flat spring is clamped fixed on both sides now select menu “Boundary Conditions”
and “Step 2: Create Boundary Conditions”.

Pm g H-le-e
| Boundary Conditions > Step 1) Choose Selection g
Y| Show Boundary Conditions Step 2: Create Boundary Conditions I

In the next dialogbox select “Clamped fixed” and “Select Surfaces” and create with
“Create BCs” the BCs with a Double Click on the surface 14, 15, 17, 20, 27 and 30.

Murber of Boundary Conditions |U | [ Mew ]

Walue of Boundary |'IE'I D

Constraintz dizplacement in
[ in Direction [ in Z Direction

1 in'¥ Direction Clamped fixed

[Colour of Axis: BLACK: X-Axis: BLUE: Y-fuis: RED: Z-Axis]

Selection:
%) Select Surfaces () Dragging a model region

) Select Modes

) Define a coordinate range

Show the Boundary Conditions: | 0.00034 | g_normal el |
Cahcel l ’ Editar l I Create BCs l
[ Delete BCs l

Select in the selectbox “Create” to create the Boundary Conditions.

Selection E|@|g|
[Suface 30 A |
| Surface 14 {

| Surface 17 i CLEAR
| Surface 20 —|
|sutace 18 | |_EDIT

Nodes Surfaces
Elements Edges
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Input Material Datas

Select the menu ,Edit FEM Project” and ,Material Datas“ and input the material datas
for steel or other material.

| Edit FEM Project | Irfos
q " Modal Coordinates . Oo-
Elernent Groups
| Elerment MNodes
| Material Datas |
| Boundary Conditions

Linear FEM-Analysis

First save the FEM file und the name “spring_linear.fem” and then choose FEM
Analysis and begin with menu “Step 1: Starting FEM Analysis® to calculate the
displacements and stresses.

8 FEM System MEANS V9 - FEM Structure Fild

File | FEM Analysis | Edit FEM Project  Infos
i Statics FD ap
- Cynamics
Temperature
Maonlinear
Cptmization
Beulen und Knicken
Kontak thedingungen

| T FEM Analysis

= MEANS Eir tei:  C:\projekte\palinkas\SPRING-2.FEM

Ergebniadatel Temperatur C:\projekteypalinia s’ SEATNG-1. TEM
Pfad fuer temporaere Datelen (*.tmp) C:\DOKUME~l1yhta)LOKALE~1%Temp

Struktur mit 62783 Elementen und 13071 Enoten

—————— Statikherechnung - - - — - —

besetzte Freihsitsgrade Statik W VW VE

Zahl der Freiheitgrade 39213

Maximele Frontbreite iiio

Zahl der Eliminations-COperationen 772000

Speicherplatz Gleichungssystem: Festplatte: 181 MB
Houptapeicher: 5 MB

Heuptepeicher fuer alle dynamischen Felder: 25 MB

path_scrateh: C:y\DOKUME~LYhtas, LOKALE~14Temp
=cratoch_file:C:\DOKUME~LWhta LOKALE~L\Tempimeans-0. tmp

StrukTur: YVolumern: «B4T7E+06 mm"~3 Masae: LZTI9E+0L kg
Liste Elementgruppen | Anzahl 1 Anzahl I Anzahl |
Humme & |1=D=Elemente|2=-D=-Elemente | 3=D=Elemente|
1 I o 1 o | ©2783 |
Lastfell: 1 Iteration 0O
PRt 59.98 N reaction force
VE ity Wa

Max «157138E+01L .242142E+00 - l06795E+00

Min  -.158170E+0L -.233875E+00 -.3T0525E+02
Lastfall: 1 Iterar, Q ) Fragram Terrminated with exit code 0
Fumme Auflageckrasfte () . Exit Window?

EX FY F2
Normal =.265575E-05% .147586E-08 .5995094E+402

la
Lestfall: 1 Iterazion 0
maximale Spannungen Volumenelemente
SIG-EX SIG-YY SIG-Z22 STGE=-XY SIG-Y2 SIG-X2 Mises

Max .l123E+02 +L1ZE+D2 «111E4+02 +468E+D0 «538E+00 «S95E+00 -246E+01L
Min —.121E+02 -.l0BE+02 —,l05E+02 - .38LlE+00 —.S587E+00 -.&01E+00 . OODOE+0C

Laatfall: 1 Iteration O
Mitrelwerte in den Eckknoten
SIG-EX SIG-YY SIG-E2 SIG-XY SIG-%2 SIG-XE Mises

IMax .3T0E+0L .26lE+#01 .215E+0L .Z274E+00 .341E+00 .475E+00 .15%E+0L
Min —.395E401 -.264E+01 —.229E401 -.236E400 -.402E400 -.483E400 000E4+00
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Nonlinear FEM-Analysis

After the linear FEM-Analysis save the FEM file with name “spring_nonlinear.fem” and
edit the loads with new load increments as following.

Create 12 load increments

Select menu “Edit FEM Project” and”Point Loads / Surface Loads” to edit the load
values.

Edlit FEM Project: | Infos
Modal Coordinates ’
Element Groups
Element Modes
Material Datas
Boundary Conditions

| Point Loads / Surface Loads

Optimization

Delete

Calculate the new load value by dividing “-0.53008” by the number of load increments
of “12” to the load value “-0.04424 N”.

Select “Load Factor” and input the Factor “-0.04424” and choose “replace” in order to

replace the load values.

E E‘E'?g

Mr. MNode FHG Walue S

2 14 3 |-0.04424

3 15 3 -0.04424

4 116 3 -0.04424

i} 245 3 -0.04424 o =

- 25 3 S Edit Load Case

7 247 3 -0.04424

8 | 245 3 |-D.04424 Actual Load Caser | 1 | v‘_ 2l =

9 243 3 -0.04424 ;

10 50 5 | 004424 Factar: |-0.04424

15 251 3 -0.04424

| | I I 3 mltiply O divide

12 | 282 K} -0.04424

| | | st () add (¥ replace

Load Caze: ILa) ( >_ Load Cases: ;_‘I 2
Murnber of Loads: 13 | Load Type: | 1 Pairt Load [ BallEEl ] [ Bl ]
[ MNew Load Case ] [ Combine Load Cases ]
[ Delete Load Caze ] [ Copy Load Case ]
[ Load Factor ] [ Conwvert Termperature to a Load Caze ] input Ioad cases 1 2
[ Pressure->Point Load ]
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Copy Load Case
Select “Copy Load Case” and input the new Load Cases from “2” to “12” and select
“Copy”. Also you must change the load cases to “12” and quit the editor with “OK”.

Copy Load Case

Load Case to be copied:

Mew Load Caze from: |2 | until: I'IE'I

Cancel

Check the loads again

It is better to queck the loads again with menu “Point Loads / Surface Loads” and now
you must have 12 load cases with the load value “-0.04424”.
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Nonlinear FEM-Analysis

Save again the FEM file under the name “spring_nonlinear.fem” and then select
“‘Nonlinear” and choose FEM Analysis to calculate the displacements and stresses with
12 load increments. Input the node 1519 from the 113 load points in order to evaluate
the results for each increment. Select “Start FEM-Analysis” to start NONLIN.

FEM Analysis | Edit FEM Praject

Statics

Oynarmics
Temperature
MNorlinear
Cptimization

Betlen und Knicken
Kontak thedingungen

| FEM Analysis

Geometrical Nonlinear, for large displacements

#-Dizplacement v-Dizplacement Z-Dizplacement Load Fx Load Fy Load Fz
START FEM-ANALYSIS
CAMNCEL
Select Streszes
) v bdi
(63 rides Murnber of Increments= 12 Actual Increment= a
O 51 N B
O 33 Calculation for Mode = 11519 - you must input a node of the 113 point loads
[ Save Results in a file ] [ Show Digplacements of all Increments ]
[ Load Monlinear Projekt ] [ Shiw Diagram with Gruplot ]
'WWIM-Error -» iz only a ‘windows-lnfo for Fortran -» Please click OF

After the nonlinear Calculation select “Show Displacements of all Increments”

Geometrical Nonlinear for large displacements

*-Displacement -Dizplacement Z-Dizplacement Load Fx Load Fy Load Fz
(1180140203 A |[ 146423003 o |[-1.477830e+00 A || 0.000000e+00 ~ || 0.000000e+00 A |[-2 3996642400 A |
115333003 || 1.343700e-03 || -1.469240=+00 — || 0.000000=+00 || 0.000000e+00 — || -2.399664=+00 — |
AR RE A R 1137330603 — || 121603003 — || 1.443060e+00 — || 0.000000e+00 — || 0.000000=+00 — || 2.3396642+00 -
1.132510=-03 1.087820e-03 -1.402040=+00 0.000000e+00 0.000000e-+00 -2 399664=+00
1.1380E0=-03 9 E46570=-04 -1.3501 70e+00 0.000000e+00 0.000000e+00 -2.399664+00
CAMCEL 1.151960e-03 || B.506860=-04 || -1.291680=+00 0.000000e+00 || 0.000000e+00 || -2.399664e+00
[ 1.171900e-03 ]| 7.479400e-04 M| 1.230320e+00 M}| 0.000000e+00 M| 0.0000005+00 M| -2 339664+00 ¥ |
Select Stresses | Gesamt: 327932802 1.297138e-02 -2 4271 5e+01 0.000000e+00 0.000000e+00  -B.999162e+01
g v.Mises Himbenpilneremer s 2 sum of z-displacements = -24.27 mm j'
51
O 53 Calculation for Mode = | 1519 sum of z-oads =60 N
[ Save Resultz in a file ] [ Show Displacements of all Increments ]
[ Load Monlinear Projekt ] [ Show Diagram with Gruplat ]
G'w/IM-Errar -> iz only aWindows-Infa for Fortran > Please click OF
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Postprocessing

Choose the menu ,Postprocessing“ to evaluate the displacements and stresses.

2@

| FPostprocessing

|"_| FPostprocessing is activate
Animation of Displacements
List Files 3

Please select following Postprocessing:

Results: Nodal Stress Contour
Load Case: 1

Edit Accuracy: 4

Result Component: von Mises

Postprocessing
Results

{3 Contour of Digplacements
{(*) Modal Stress Contour ") Feaction Forces
) Element Strezs Contour ) Showe Besult Files with E ditor

Accuracy

Edit Accuracy: Dizplacernent Factar

J Edit Calours for Legend

| Fick, Search, Save Yalues

Select Rezult Component

|w:|n Mizes Stressz

[ Cancel ] Start Pozstprocessing
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Linear Results:

max. Displacement = - 37.05 mm

LOAD CASE= 1, Displacements in z direction

—_
_
-37.059 -31.743 -26.440 21131 -15.821 -10.512 -5.2026 0.1068

max. v.Mises-Stress = 1.98 MPa

LOAD CASE= 1, Contour of Stress von Mises Stress

0.0000 0.2833 0.5679 Di%fﬂS 1.1357 14196 1.7036 1.9875

max. S1 = 3.7 MPa

LOAD CASE= 1, 1st principal Stress $1

22644 14111 -0.5577 0.2956 1.1483 202 2.8556 3.7089

max. S3 = -3.9 Mpa

LOADCASE= 1, 3 rd principal Stress S3

I AW E—

33681 3,097 2254 13541 4828 0.3885 12599 21312
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Nonlinear Results:

max. Displacement = - 24.39 mm

LOAD CASE= 1, Displacements in z direction

24391 20897 17403 13810 10416 59224 -34286 0.0651

max. v.Mises-Stress = 1.63 MPa

LOAD CASE= 1, Contour of Stress von Mises Stress

0.0000 0.2335 0.4670 0.7005 0.9339 1.1674 1.4009 1.6344

max. S1 =2.89 MPa

LOAD CASE= 1, 1st principal Stress $1

12821 06860 -0.0838 0.5063 11025 16985 22348 28909

max. S3 =- 3.3 Mpa

LOAD CASE= 1, 3 rd principal Stress S3

-3.3062 21891 10721 0.0450 1.1620 22791 33961 45132
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Show Diagramm with Gnuplot

Choose menu ,Show Diagramm with GNUPLOT* and edit the titel or the name for the
x- and y-axis. Choose “Start Diagramm” to start gnuplot.exe.

Titel!Uberschrift |KF|AFTMEG-VEF|LAUF FUER EMOTENPUNET 1519 MIT 12 LASTIMEREM | Mey
Diagramm Typ Werformung wahlen
(%) Diagramm Typ & ) in%-Richtung (#) inZ-Richtung
() Diagramm Typ B ) in'r-Richtung

Test Hdchse: i\h"eg in [rm] |

Text Y-hchse: 1 Kraft in [N] |

Choose ,,Open“ and select the File ,Diagram.plt* to show the displacments and the
loads for node 1519 in a diagram.

EEX

Functions General Axes

Plot  Expressions

Save ... chDir | Print | PrSc |
Cemos ... 2
Change Directory .. CEST 2004 T
show Current Directory biii

I8 enuplot graph FEX

KRAFTAWEG-VERLAUF FUER KNOTENPUNKT 1518 MIT 26 LASTINKREMENTEN

o0 R

E

Kraft in [M]

40 R

50

-25 -20 -4 -10 5 1)

Weg in [mm]

-8.69975, -40.6654
—_—
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