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Part 5: Dynamic Analysis with FEM-System
MEANS V11

This is a FEM calculation with FEM-System MEANS V10 of a 440 Hz Tuning Fork
with which you can adjust the musical instruments according to the reference tone
or it are also used in the medicine for hearing tests.

Foot Connection Fork

The dimensions and material data must first be converted to metric units by USA
measurement units. The tuning fork model is produced in MEANS V10 without foot
and connection as follows:

US Measurement:

29595 0n
i: =i
: | i 01635 0n
0637 in 0327 in %)
¥
I 03185 in
' |
[] 0.155in
¥
E-Modulus = 29 msi = 29 000 psi
Poisson ratio = 0.29
Density = 0.283 Ib/in®
Thickness = 0.155 in
Metric Measurement:
- 7517 mm N
- Bl
| i 4153 mm
16.18 mm ! 53058 mm
| 809 mm

E-Modulus = 200 000 N/mm?
Poisson ratio = 0.29

Density = 7850 kg/m?
Thickness = 3.937 mm
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Create Arcs

P /]
Start the program "MEANS V12 for DirectX11" using the desktop icon 6
select the ,View" tab and menu , 3. Line-Modus* to switch to the Line Modus.

is Postprocessing

1. Main View

2 Line

.- $ . i Background
- 2. Mode-Modus 1 — .

is Cross
Nodes 1. |Surface-Modus
. I
2. MNode-Modus 2

Lad

Line-Modus
Create Surface Mode

. Bwitch Surfaces ON/OFF

[

A new menu will appear on the right, select menu "Create Arcs" to create two arcs:

Circular Arc 1:

Center: xm=0,ym=0,zm=0

Radius = 8.09
Number of Nodes = 16
Start Angle = 270

End Angle = 90

Circular Arc 2:

Center: xm=0,ym=0,zm =0
Radius = 4,153

Number of Nodes = 16

Start Angle = 270

End Angle = 90

Also, in Node Modus, switch on the node numbering to see the 34 nodes better:

O

o5 Create Rectangleor Ci.  —

Circle Retangle

New REDO
Middle-Pairt
X direction
Y direction
Z direction
Outer Radius:

Inner Radius

Mumber of Nodes: |15

Start Angel:

w@| [ra r
=4 ] =
=) o

0

End Angel:

Create Arc

Cancel

o
Suface MNodes Lines

Node D New

Create Nodes

Create Nodes
Create Lines

Circle / Rectangle

Mznipuizte Nodes
Copy Range of Modes

Unit Nodes
Check Nodes

Mesh Generators

2D Mesh Generator

3D Mesh Grid
EG= . Mew

Load DXF-Lines

UNDO / REDO

Quit Line-Modus

64



Part 5: Dynamic Analysis with FEM-System MEANS V12 65

Enter 4 single nodes

In line mode, enter the 4 single nodes of the left side one by one with "New" and
"Create Nodes":

Node 35 =X =-75.17Y = 8.09
Node 36 = X =-75.17Y =4.15
Node 37 =X =-75.17Y =-4.15
Node 38 = X =-75.17Y =-8.09

"35

36

Create Lines

In Lines Modus select menu "Create Lines" menu and create the lines by first
clicking on the first node, then clicking on the end node, and selecting "Create
Lines" and creating the following 6 lines:

Line 17-35, line 35-36, line 36-34, and line 18-37, line 37-38, line 38-1

C Lines - a X
®

Number of Nodes per Line:

Create Lines

Blement Groups:
Number of Nodes:
Number of Elements:
Delete Elemerts: I:l

o
=

o
=

o
=

o
=
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2D Mesh Generator with Extrusion
In Line Mode, select “2D Mesh Generator” with a Mesh Density of “200” and

“3D-Extrusion with Nodes in Z Direction of “7” and a Z-Depth of "3,931"
to first generate a triangular mesh and then to extrude a 3D model consisting of

11616 pentahedral elements and 8211 nodes.
gl 2D Mesh Generation — O w0

from Element Group: urttil Element Group:

Element Typ: |TF-!I38 v|

Mesh Density:

Snap Radius:

2

[] QUAD-Meshing

30-Extrusion

Medes in £ Direction: I:I

ZDepth: 3,931
Check Modes Refine Mesh
Cancsl Help MESH GENERATION
5 FEM-System MEANS V12 - Strukturdatei C2 projebte\fachwer\2dmesh fem _ x
@ @iM -
INNNNNNNNNNNNNNNNNNNANNNNANANNNNNNNNNNNNNNNNV LA L VA A LA )

VAYAAVAVAVAAAYAYAVAVAVAVAVAVAVAVAVAYAYAVAVAVAYAVAVAVAYA}
WAV VA VAVAVAVAAAYAYAYAYAVAYAYAYAYAYAVAYAYAVAVAVAYAVAVAVAYA
B A A R T S e KRRKKKKKKRKERRRKRK]
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QUAD Meshing

Select "2D Mesh Generator" again and select "QUAD-Meshing“ to generate a
triangular mesh for using it as a template in NETGEN.

a5 2D Mesh Generation

from Element Group: until Element Group:

Elemert Typ: |THI38 v|

Mesh Density: | 200 v|

Snap Radius: | .005

QUAD-Meshing

[ 2D-Extrusion

Cancel

£n

Check Modes Refine Mesh

Help MESH GENERATION

The generated triangular mesh is now displayed as a converted STL model in

NETGEN.

Triangle

[
—

oy Quad Meshing / Refine / Converter / Extrusion

Quads Refne Converter Extrusion Aotation Delete

(For generate a Guad mesh you need a 20 tiangle mesh or a STEF-Fie

[[] 2D Casads with STEP-File and NETGEN

[ Generate a QUAD Mesh with NETGEN

Please note: Export in Metgen the file test fem not in the Debug'mesh path but in the
Debug'quadmesh path to generate Cuads lonly by not full wnte pemission)
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Select ,Generate Mesh“ with the mesh density “very fine” and generate a QUAD
mesh with 5124 nodes and 5157 QUA4S elements.

- N
74 NETGEN - filestl SE——
File Geometry Mesh View Refinement Special Help
Quit | Generate Mesh | Stop Mesh — | Zoom Al\l Center

Lx Netgen 4.9.11

Points: 5124 Elements: 0  Surf Elements: 5173

Use menu "File" and "Export Mesh" to export the FEM mesh under the name
"test.fem" to the default debug quadmesh directory so that it can be automatically
converted and imported into MEANS V12.

. 1
74 Speichern unter u
@uv| . =« Programme » FEM-System_MEANS_ V10 » Debug » gquadmesh - | +y | | quadmesh durchsuchen 2 |

Organisieren + Meuer Ordner 3= - @
T - =
= Zuletzt besucht = Mame Anderungsdatum Typ Gralie l
ootk %) BinLPlugin.dll 10,09.2008 15:59 Anwendungserwe.., SKB H
ibliotheken
- — /%) BinPlugin.dll 10.09.2008 15:59 Anwendungserwe... SKB
ilder
%I . (%) BinTObjPlugin.dil 10.09.2008 15:59 Anwendungserwe... 13 KB
okumente
& e %) BinXCAFPlugin.dll 10.09.2008 15:59 Anwendungserwe... SKB
usi
B vid 7] dialog 19.06.2009 08:34 TCL-Datei 94 KB
ideos
= 7] drawing 11.09.2009 20:38 TCL-Datei 3KB
@ Hei file 0912.2016 14:49 Zertifikatvertrauen... 386 KB
eimnetzgruppe
L [} filestp 27.10.2016 16:25 STP-Datei ILKE
- C " file2 09.12.2016 14:49 Zertifikatvertrauen... 386 KB
1 omputer = .
3 b (%] FWOSPlugin.dll 10.09.2008 15:59 Anwendungserwe... 35KB
—u Lokaler Datentra ~ ]
— || menustat 11.09.2009 22:41 TCL-Datei 32 KB
& Lokaler Datentrac .
%] mscmd.dll 10.09.2008 16:01 Anwendungserwe... 24 KB
P - %) MSVCP70.DLL 0610.2002 20:37 Anwendungserwe.., 476 KB -
Dateiname: | test.fem =
Dateityp: | All Files (%) v
43 Drdner ausblenden [ Speichern ] [ Abbrechen ]
IS A

After the model check, a QUAD mesh with 6201 nodes is created.
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Hexahedral model

Select menu "QUAD-Meshes, Refine, Delete...“ again and the register "Extrusion" to

generate a Hexaeder mesh with 39944 HEX8 elements and 43407 nodes. Use the
following setting:

! Quad Meshing / Refine / Converter / Extrusion — O e

Trhangle Quads Refine Converter Bxtrusion  Ratation Delete

[For Extrusion you need a 20 mesh with Z=0)

Density in £ direction= |? |

Blevation in £ direction= |3.§31 |

DxF LUNDO Create a 30 Mesh Cancel

Create Boundary Conditions

Create a Range of Nodes in Node Modus and choose ,Edit FEM-Project* tab and
menu ,Boundary Conditions" and clamped fixed the Range of Nodes with the
Selection ,All displayed nodes” in the X, Y and Z direction.

: P = e ’ - o "
ErR Ty T rT————— 5
NEES QUEB d2-0¢ G - O-0 8- L-H-B:0- W3-8
' Fache. (=B X ]
Fachen | Knoten &

gz Eckinoten = 43407
Kocten
1

-
T e —
A )
L s S
i s S
i s
o
o SESSSES Sutsos 1
XSS
)
r——
[
P )
x
e

==
:‘,%
=25
Fi7
e

<5
£
=

G

L.

Knoten-Modus aktiviert Knoten= 9351 X-Koord:= 4155044 Y-Koord.= 519417 Z-Koord.= £551667
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Dynamic Analysis

Select the ,FEM Analysis" tab and "2. Dynamics" and calculate the lowest 15
eigenfrequencies with the Quick Solver with the following setting.

O R 2AOBE FEM Systern MEANS V11 - FEM Structure File C:

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

!E! 2. Dy 2 |—| Choose FEM-Solver Structure Model [ P
. Dynamics -
" ose Results Model Dimensicns U

e 1. |Statics
. Select FEM T Structure Info rn FEM-Assistentry
2. | Dynamics
3. |Temperature
4, |Buckling
5. | Geometric Nonlinear e FEM-Solver for Dynamics — O 4
6. | Contact-Analysis
7. | Material Monlinear C:\Program Files\FEM-System_MEANS_V11\FEM-Projects\Dynamic‘tunning_fark )
8. | Formoptimization Settings for the Simultan Eigenvalue Problem
9. |Fatique (AD-Merkblatt 5D2)
. . Mumber of Eigenvalues:
10, Casting-Analysis-Tool

Mumber of max. lterations:
Mumber of terations Step 1:

Mumber of terations Step 2:

Requested Accuracy: 0001

o o = | =
=N R~

Select Solver
(C) MEANS Solver with Eigenvalues

(® Cuick-Solver with Eigenvalues and Stresses .

| Step 2; Start FEM Solver |

Step 4: Postprocessing Eigenvalues

Step 1: Settings Quit

Calculate the eigenvalue with the quick quick solver:

#

ot INP-Interface for FE-Solvers

Normal Precision @ C3D8 (8-node linear isoparametric element)

() C3020 (20-node quadnic isoparametric element)

>

Pathfor INP-Solver:  D-\Program Files\FEM-System_MEANS_V10\Debuginpsolver\inpsolver3Zbit

|
Path far INP Files: C:\projekte’stimmgabel hex&8.INP
Select Solver -
@ InCore-Solver () Out-of-Core-Solver
| [ Start FEM-Solver with INP-interface l
| |
[ Settings ] [ Help + Infos ] [ Cancel ]
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Results comparison

The eigenfrequencies calculated with different meshes and element types are
compared with the eigenfrequencies of the FEM system LS-DYNA. The result
comparison shows good agreement with almost all element types. The greatest
deviations occur with the linear tetrahedral element TET4. But if the same TET4
mesh is calculated with the TET4X8 developed by HTA software, the results will
improve over 30%

Eigenfrequenz Mr. 1 =450 Hz

Eigenfrguenz Mr. 3 = 7460 Hz

LS-DYNA

Eigenfrequenz Mr. 2 = 2823 Hz

= )

Eigenfrequenz Mr. 4 = B438 Hz

2 =

Elemerttyp Knoten Elemente 1. Biegesch. | 2.Biegesch. | 3. Biegesch. | Torsionssch.
LS-DYMA ? ? 450 HZ 2823 Hz 7460 Hz 8438 Hz
Dreieck 15379 g 764 452 Hz 2843 Hz F 539 Hz C
Yiereck 7 366 2 031 453 Hz 2 846 Hz 7 456 Hz -
TET4 15539 87 744 471 Hz 3072 Hz 8 149Hz 9659 Hz
TET4X8 132 085 701 952 456 Hz 2897 Hz 7594 Hz 8 600 Hz
TET10 132 085 87 744 449 Hz 2817 Hz 7 401 Hz g8413 Hz
HEXG 43 407 34 944 450 Hz 2 839 Hz 7 422 Hz g 400 Hz
HE*20 164 7&1 39944 449 Hz 2816 Hz 7 346 Hz § 322 Hz
PENE 59150 94 596 451 Hz 2 B39 Hz 7 446 Hz 8 444 Hz
PEM1S 278 301 a4 594 449 Hz 2 818 Hz 7 340 Hz 8 315 Hz
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Eigenfrequency No. 4 = 449 Hz (first bending Eigenfrequency)

@ TOM)- FEM System MEANS V11 - FEM Structure File C:\Program Files\FEM-System_MEANS_V11\FEM-Projects\Dynamic\tunning fork 440Hz fem - X
Files | View | Mesh Generation  Edit FEM-Project  FEM-Analysis  Postprocessing  Training
without Mesh () Wireframe 7] Lightin XYZ-Rotatien
® - o L 1. Main View - @ 1. Surface-Modus ~ ® 7(0
Hidden-Line O with Mesh Edges  Hidden-Line new O Xz¥-Ratation
Info Line ]

= 448.35Hz

13.960
= 89712

59824
1593

15853

-5.9841
- 95728 ——— ——
- -13962
i

L.,

Eigenfrequency No. 8 = 2817 Hz (second bending Eigenfrequency)

9 FEM-Gystem MEANS V10 - i CAproj £10 fern

Dates  FEM-Analyse  FEM-Projest bearbeten  Infos

IEES G-EHS 200 G-2-0- B-L-- WO - 9-8

Modalanalyse, Eigenfrequen Hr. § = 28174 Hz

-3511 89632 55958 -20381 1919 LT 58345 13742
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Eigenfrequency No. 12 = 7382 Hz (third bending Eigenfrequency)

U e MEARS VSt gt T

Dates  FEM-Anzlyse  FEM-Projekt bearbeten  Infos

DEHS QUHB +o-oe(F-0-0-B-L-0-:d-[H-2-8

Modalanalyse, EQEnITequent i, 12 = 7382.52 HZ

-11.58% -a1282 -5.0892 -1.8053 14507 47108 75706 1na

Eigenfrequency No. 13 = 8398 Hz (first torsion Eigenfrequency)

¥ FEM-System MEANS V10 - Strukturdstel Ol projekielst immagabel 210 fe
Dates  FEM-Anslyse  FEM-Projekt bearbetten  Infos

DEESG UCER +00e G -5 -0 B- LW - - 7-8

Modalanalyse, Eigeafrequent fis. 13 = 8398.41 Hz
I A |

0.0000 15542 31884 47827 63TES 91 55653 11160
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