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Part 14. FEM-Simulation of a Hydro-Casing with
MEANS V10

A Hydro-Casing made of steel is loaded with a pressure load of 30 tons on each flange
surface. Calculate the displacements and the v.Mises-stresses in the five bolt holes?

Because the STEP model is available, the Hydro-Casing can be meshing with the
automatic 3D mesh generator and be calculating with the Quick-Solver very fast.

Start by double-clicking on the desktop icon to start “MEANS V10 for DirectX9”.
Select "New Project” and "3D Unstructured Tetrahedral Meshing” to load the CAD file
into the 3D mesh generator.

B8 NEW PROJECT

(%) 3D Unstructured Tetrahedral Meshing

() 2D Unstructured Triangle Meshing

) 20/3D Stiuctured Rectangle and Hexhedral Meshing
() 2D Extrudates in Z direction to 30 Stuctures

) Mesh manipulations or edit Element groups

) Starting MEAMS-SHELL for Beame, Plates and Shells

| NEW PROJECT |



http://www.novapdf.com/
http://www.novapdf.com/

Part 14: FEM-Simulation of a Hydro-Casing with MEANS V10 111

Generate Mesh

Or select in the view bar the icon ™~ and the drop-down menu ,3D Tetrahedral
Mesh Generator*.

B -3 O M-

| 3D Tetrahedral Mesh Generator
Local Refinement for Tetrahedral
Refinerment of Elerment Stresses
2D Meshing / Quads [/ Converter [/ Extrusion

B-&

to show a new dialogbox for mesh generation with the supported CAD formats:

DXF mainly for 2D mesh generation or for 3D beam elements

STL consists of triangle facets for 3D mesh generation

STEP consists of solid elements and is the most appropriate 3D format
IGES older CAD format but still in use

-
ol Mesh Generation I.':' =l ﬂ

Directory:  ‘\Program Files\FEM-System_MEANS_V10\FEM-Projects\Hydro-Casing\

@ STL/AST (ASCIl) @ STEP ©) IGES

Mesh Generator Mo. 2 with OpenGL-Interface

Start Mesh Generator Mo .2 with CAD File I [ ..with emor messages ] [ Help ]
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Mesh Generator No. 2

Choose “STEP” and set with menu “Browser” the the step file path:

C:\Programs\FEM-System_MEANS_V10\FEM_Projects\Hydro-Casing
and select the STEP file "hydro-casing.stp and menu "Start Mesh generator No. 2 start

with CAD file" to start Netgen.

Mesh granularity

Selct the register “Mesh-Size” with menu ,Mesh* and ,Meshing Options* in order to

make following setting:

74 Meshing Options

=aeey X

=

mesh-size file:

1.4
Ay
0.2
15
0.5

i
10
EE

10
EE

2.0

1]

General  Mesh Size | STL Charts | Optimizer | |mzider ] Debug ‘

: v STL/GES/STEP - close edges

¥ STL - Recalc mesh size for surface optimization

max mesh-size: (1000

min mesh-size: (0

Ak A4

mesh-size grading: 0.5

Browse I

Elements per curvature radius

Elements per edge

¥ STL - chart distance
¥ STL - line length
6.5
[ STL - surface curvature
[ STL - edge angle

[~ STL - surface mesh curv

Calc Mew H

Apply

Done

Generate Mesh

After setting choose ,Generate Mesh*® to create a FEM model with 29 887 nodes and

121 564 tetrahedral elements.
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EasyFEM-Limit

In order to reach the allowable limit for the MEANS-Light Version EasyFEM until
120 000 elements we must selected additionally the register “Optimizer” to edit the
“Worst element measure” from “2” to “8”.

-
74 Meshing Options L=

General | Meszh Size | STL Chartz i 0ptimizer;

Inzider | Debug |

Surface opt steps: |3_ =
Velume opt steps: IS_ =
Element size weight: irﬁ =
Worst element measure: !8_ =
175
bad element criterion | 1

After a new generation we reach the limit with 119 465 tetrahedral elemens just below.

[ N
74 NETGEN - filestp = | B s

File Geometry Mesh View Refinement Special Help

Quit | Generate Mesh | Stopl Mesh — | Zoom All | Centerl

Ez

Points: 29421  Elements: 119465 Surf Elements: 36108
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Export with "test.fem"

Now export the mesh under the name "test.fem" with the menu "File" and "Export
Mesh". The path name must not be changed, otherwise the automatic loading of the
mesh into MEANS does not work. The mesh generator window can be closed.

I!E Geometry  Mesh Wiew Re
Load Geometry...

Save Geometry...
Recent Fles ¥

<|z<g>

Load Mesh, .. <l=<mz
Recent Meshes 5
Save Mesh... <gEIm>
Merge Mesh...

Irnpaort Mesh, .,

Export Mesh...

Speichern unter

Speichem in: l_} mesh :_J ek ERv

D

Luletzt
verwendete D

Desktop

cJ

Eigene Dateien

o

Arbeitzplatz

Metzmerumgeb  Dateiname:

ung

I BinLPlugin.dl

A BinPlugin.dl

& BinTCbjPlugin.dl
| 2 BirxCAFPlugin.d
dialog. tel

= drawing tcl

l file

|ﬂ file

= FWOSPILgn.d
i menLstat,

& mscmd.d
AIMSVCP70 DLL
) msvep?1.dl

{

G‘H rswver 70.dl
A msver7 1. dl
EEretgen
netgen.ocf
dng

ng.tcl
#]ng_alt
nghelp. tl
ngicon. tcl
“¥ngmesh
ngshell tcl
ngtestng. tcl
ngvisuial. tcl

[®]ocemesh
parameters, tcl
EpthreadviC2.di
EPTKernel dl

B runibat

run4s

runigs

B runigsbat
runst

B runstbat
rUnstp

B3 runstpbat
sockets, tl

?

1test.fem

D ateityp:

| &1 Files %

_v:_] Speichern |
=l

Abbrechen
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Create a Surface Model

Choose menu ,,Generate Surface Model” in order to create a surface model for
selecting single surfaces for loads and boundary conditions. Also you can show or hide
surfaces from the model so it is possible to select the inside surfaces.

T - [ e
| Select Surfaces and Edges
Select Modes

| Generate Surface Model |
| | Show Edge Model

For create the surface model select ,very course” in order to create a surface model
with 76 surfaces.

Generate Surface Model

(¥ wery course ) moderate () verpfine ) very much

Surface Accuracy: iEI.F" | [ Help ]

Cancel l Generate Surface bodel ]

Hidden-Line %3 [Click herg]

[Z3 FEM System MEANS V10 - FEM Structure File C:\projekte\Hydro-Casing\mesh. fem
Fle FEM Anyss EditFEM Project  Infos

NEH&S-QUHES +on¢ G -3-0- 8 LB I R [2-6

[ utSufacetodss |

Surface Modus is active Surface= 24
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Create surface load

Each of the 5 flange surface is loaded with a vertical pressure load of 30 tons.

Pressure Load 30 tons
vertical to surface

2 30t
30t

Calculate Cross-Sectional Area and Surface Load

At first we must calculate the surface load with the difference of 300 000 N and the
cross-sectional area in mm2. Select menu “Surface Loads / Step 2: Calculate Cross-
Sectionsal Area”

e -
Jopt- B2 g

M-t

Point Loads >

Line Loads b

Surface Loads 4 | Step 1: Select Surfaces

Gravitation Loads Step 2: Calculate Cross-Sectional Area |
Centrifugal Loads Step 3: Create Surface Load

Temperature Loads

¥ | Show Loads
Edit Load Case
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On the left side menu bar choose menu “Hide all Surfaces” and then click on the
surfaces 4, 13, 20, 30 und 46 in the list box. Now you can see only the 5 flange
surfaces on the screen. Activate “Calculate Total Area, Surface Load and Total

Weight” and input the Total Weight of 1 500 000 N in order to obtain a result for the
Surface Load of 19.492 MPa.

76 Surfaces FIEX

Sot Sufaces | Check Surfaces

Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface

2 OFF 1524423 ~
14 OFF £3443.95 i
E OFF E8535.75

24 OFF 33044.34

43 OFF 23054.66

3 OFF 133833

20 OM  15338.64

13 OM 1533447

4 0OW 153333

46 0N 15391.92

30 0N 1537721

43 0OFF 1133203

12 OFF 1187657

8 OFF 1187647

5 OFF 1187117

1 OFF 1185833

33 OFF EB31ZE1

55 OFF £311.503

21 OFF E310.63

|Suface 68 OFF B310.375 ¥

[ Hide all Surfaces ] [ Show all ]

Draw hidden Surfaces az Wireframe

Search Surface: i1 |

(%) Calculate Surface Area with mmé
) Sort after Element Stresses

Calculate Taotal Area, Suface Load
and T otal Weight

Tatal Area [mnf)= [?5955.54

Total Weight [N)= 1500000

Surface Load [MPa)= !_'I 349177 |

Create Surface Load

Now select menu “Surface Loads” and “Step 3: Create Surface” and input a surface
load of 19.492 MPa in the direction “Vertikal to Surface”.

are
—=

4

b+~ D8 22 ] -

Paint Loads
- Line Loads

o -

]

7-&

| Surface Loads

|

(Gravitation Loads
Centrifugal Loads
Temperature Loads

Show Loads

Edit Load Case

Step 1) Select Surfaces

Step 2: Calculate Cross-Sectonal Area

Step 3: Create Surface Load
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Create Surface Loads
Actual Load Caze 1
Mumber of Loads 1] Mew

Walue of Load 19.452 [far example: MPA]

Degree of Freedom

) in ¥ Direction ) inZ Direction

i) in'Y Direction (%) Wertical to Surface
[Colour of Axiz: BLACK: X-fuis; BLUE: Y-2uis; RED: Z-A4is]
Selection:
() Select Sufaces () Dragging a model region
() Select Modes

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

Cancel I [ E ditor ] [ Create Surface Loads ]

[ Delete Loads ]

Choose the new Selection-Option “Select all showing surfaces” and select “Create
Surface Load” to create the load. Now we can see the the 5 black surface loads:
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Create a Line Load

The Load Case 2 is a line load of 10 tons which is loaded on the inner and outer edge
line of surface 24.

Step 1: Select Nodes

Select menu “Line Loads / Step 1: Select Nodes” or choose in the right menu bar

fes4-B - 14-%9-&
Point Loads ’

| Line Loads v | Step 1: Select MNodes
Surface Loads ’ Step 2 Calculate Length of Edges
Gravitation Loads Step 3! Create Line Load
Centrifugal Loads

the register “Node Modus” and select “Edge Nodes Surface” in order to show the edge
nodes of surface 24.

Surfaces... [ |[B)X]
Suiface Modus | “”E‘EM“K Switch between

Number of Nodes= 23421 = Register
Nodss | Surface Modus
voe |1 ] and Node Modus
bis (S0 |

| _» Deletea
Range of Nodes

Sufface= [24

-. . Show the Edge
! Nodes of Surface 24
\

Node: 1576 | [ OK_|
1
1 % [e8
] v, [15.48263
2 [1o30747 |
[ Wode numbering {j:%ﬁ
[ Element numbering
[[] Element groups
[ Lods waluss
Value- | 1205157
= /

Then choose menu “Delete Range of Nodes” and delete the edge nodes of the 5 holes
which are not loaded.
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Step 2: Calculate Length of Edges

The next step is to obtain the value of line load by dividing the weight load of 10 tons
by the length of edges.

PSRN L IRASRA RN RAR BN -
Point: Loads v
| Line Loads b || Step 1: Select MNodes

Surface Loads 3 |
Gravitation Loads
Centrifugal Loads

Step 2: Calculate Length of Edges
Step 3 Create Line Load

Select menu “Step 2: Calculate Length of Edges” and we can see the length of the

edges is 421.54 mm. Now input the load of 100000 N and select “Calculate” in order to
obtain a line load of 237.22 N/mm.

Calculate Lenght of Edges

Murnber of showing Edges = &0

Lenght of Edges = | 4215434 [ ]
Point or Weight Load = | 100000 1
Caloulated Line Load = | 237.2235 IRURETS

Cancel Calculate
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Step 3: Create Line Load

Select menu “Step 3: Create a Line Load” with Load Case 2 and input the load value
“237.22” in X-direction.

Create Point Loads Qlﬁl@

Actual Load Casze 2

Murnber of Loads 0 Mew

Yalue of Load |237.22 : [for example: M/mm)

Deqree of Freedom
(%) in ¥ Direction () inZ Direction

() in'r Direction

[Colour of Axiz: BLACE: X-feis; BLUE: Y-2ais; RED: £-8uis)

Selection:
) Select Surfaces () Dragging a model region
) Select Nodes (*) Select all showing nodes

) Define a coordinate range

Show the Loads: [ 00005 normal v

Cancel l [ Editor ] [ Create Point Loads l

[ Delete Loads l

Choose “Select all showing nodes” and we obtain 50 different single point loads.

= g7 1_1 .;5_ PROs 1S 4588_84@94741?3855‘1

61a8.26 3

lxxssooﬂ Ta40.64 j
" a8Ee 70
1450, BQ\BSJQJ

i & o7 2 T A

330,48

/828211
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Create Bounday Conditions

The casing is clamped fix on the bolt holes around the 5 flange surfaces. Select menu
in the view bar “Boundary Conditions” and “Step 2:Create Boundary Conditions”.

It a- W2 @
| Boundary Condiions 4 Step 1: Choose Selection »
| ¥ | Show Boundary Conditions Step 2: Create Boundary Conditions

Select “Clamped fixed” and the selection option “Select Surfaces” and choose the
button “Create BCs” and double click on the surfaces 7, 39, 53, 62 and 71.

Create Boundary Conditions EJ@|E|

Murnber af Boundary Conditions

Yalue of Boundary 1 E1EI

Consztraintz dizplacement in
[] in* Direction [] inZ Direction

[] in* Direction Clamped fixed
[Calour of Axis: BLACK: XK-fsis; BLUE: Y-2mis; RED: Z-&is]
Selection:
(%) Select Surfaces () Dragging a model region
() Select Nodes

(3 Define a coordinate range

Show the Boundar Conditions: 0.00034 | I.r‘u:rmal

Cancel l [ E ditar Create BCs

Delete BCs

In the Select Box on the left side above select menu “Create” to create the boundary
conditions or you can edit here a wrong input.
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FEM System MEANS V10 - FEM Structure File C:\projektell sing\neu.fem

5 Surfaces... (= [O)X

Surlace Modus | Node Modus

Number of Sufaces = 76

Sutface 1
- Suface 2

Sutface 3
Surface 4
Sutface 5
Surface €
Sutface 7
Suttace 8
- Sutface 9
Suttace 10
- Surface 11
Sutface 12
Surface 13
Sutface 14
Surface 15
Sutface 16
Suttace 17
- Sutface 18

Duit Suface Modus

"

Surface Modus is active Surface= 71

After this step you can see the Boundary Conditions on the bolt holes:

FEM System MEANS V10 - FEM Structure File C:\projektell asing\tetd qx8. fi

Surface Modus
Number of Surfaces = 76

- Suface 1
Suface 2
- Suface 3
Suface 4
Surface §
- Suface &
Suface 7
Surface 8
- Suface 9
Sutface 10
Surface 11
- Suface 12
Sutface 13
Surface 14
- Suface 15
Sutace 16
Surace 17
- Suface 18

Quit Suface Modus
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Input Material Datas

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

; ~E] F ct | Infos
q Modal Coordinates . o-
; Elernent Groups l
Elernent MNodes
‘ Material Datas |
I Boundary Conditions

Select “Material Date Base” and take up the material “steel” in the material data box.

[ Edit Material Datas
Maternial Dataz
210000
| Paisson R atio 03
Density 7,806

a
|

Taung: moduluz

Heat Coefficient

Element Group: |_‘|_ Elernent TET4 &
=) |zotrop ) Anisotrop 3 Temperatur
L I aterial Data Base J [ (1]:8 J

£® Material Data Base

Entries

IMaterial: |St99| | Density { kg [ mm™3 0 |D'DDDDD?8

Young Modulus { MPa ) |21DDDD | Heat Coefficient: |U-000012

Poisson Ratio: |U-3 | Heat Conductivity (W | mm K )t |D.015

Command Buttons

% g U ‘ ‘ Take Up
Add Edit ‘ Delete | | Cancel Save Material

Material Data Base
[ Material ] ! [ Young Modulus ] [ Poisson Ratio ] [ Ciensity ] [ Heat Coefficient
Palyoxymethylen (POM) 3100 0.35 0.0000014 0.00011
Polystyral |3200 50.35 |0.00000105 |0.00006
Polytetraﬂuorethglen, _(PTFE) 500 0.46 0,0000022 0,000z
Palyvinylchlorid, hart (PYC)  |3800 0,46 0.0000014 0.0001
Porzellan 58000 023 0,0000023 0,0000044
Silber :?QDDD 50.3? |0.0000105 |0.000019
Siliciurn 130000 0.4z 0,00000233 0.000002
_SiliciL_Im Anisatrop E11, E22, E 165640 (165640 | 165640 (63340
Silicium Anisotrop E23, E44, E £3340 79510 79510 79510
Skannic :SSDDD 50.33 |0.0000072 |0.000027
Steel :ZIDDDD 0.3 0,0000075 0.000012
_Stegl Refined 'ZIDDQD :D_.S |0.0000078 |0.000016
Tikan i 110000 :D._SE\ 0,0000045 0,000009
Tungstic 1390000 50.29 |0.0000193 |0.0000043
‘Wood 18000 0.2z 0,0000004 0.000008
inc 98000 10,25 0.000007 0.000027
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FEM-Analyse

First save the FEM file and then choose menu “FEM Analysis” and “FEM Analysis” and
in the next box select “Quick-Solver” and menu “Step 1: Starting FEM Analysis*.

Finite Element Analysis

FEM Analysis | Edit FEM Project
ot CAprojektetHydro-Cazinghtetdgqud.fem
: Select Sal
Crynarmics PRI ) MEANS Solver ® Quick-Solver
Temperature
Monlinear [ Step 1: Starting FEM Analysis l
Cptmizaton
Eellen und Kricken [ Step 2 Starting Postprocessing ]
Kontak bedingungen
- ’ Step 3 Refinement of the Element Streszes I
| FEM Analysis
[ Select FEM Salvers ] [ Define Results ]

Then choose “convert C3D4->C3D10 and show and solver with C3D10” or for
EasyFEM-User with the 120000 element limit menu “show C3D4 and solve intern
with a refining mesh of 8x C3D4” and select “Start FEM-Solver with INP-Interface”
to calculate the results. After the FEM Analysis evaluate the results with menu “Start
Postprocessor”.

INP-Interface for FE-Solvers =1E3
Middle Precision () show and solve with C304 [4-node inear tetiahedral elemerts) |
J = (%) show C304 and solve intern with a refining mesh of 8= C304

() convert C304 - C3010 and show and solve with C3010

Fath for INP-Solver: ;E:'\ngramme'\FEM-S_I,Istem_h"l EAMS_w10\Debughinpsalversinpsolver32bit ex | Brovwser

Path for INF Files: C:\projektetHydro-Casingitetdgua. INP

Select Solver
() In-Core-Salver ) Out-of-Core-Salver

FE b-&nalyziz with [ Start FEM-Salver with INP-Interface ] Help + Infoz
Salverwindow
Pozstproceszing: [ Start Postproceszor with DAT - or FRD-Results ]
[ Select FEM-Solver l [ Select Results ]

[ Convert Element Types ]
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Postprocessing

Choose the menu ,Postprocessing” or select in the FEM Assistance in the row of
Postprocessing the link “goto” to evaluated the results.

|2
| Fostprocessing
|"’_| Fostprocessing is activate
| Animation of Cisplacements
List Files >

Please select following Postprocessing:

Results: Nodal or Element Stress Contour
Load Case: 2

Edit Accuracy: 4

Result Component: von Mises Stress

F .
a-! Postpracessing E@g

Results
_ loadCase 2
() Cortour of Displacements @ =
@ Nodal Stress Contour 7 Reaction Forces
(C) Blement Stress Cortour ) Show Resutt Files with Editor
Accuracy
Edit Accuracy: [ Digplacement Factor ]
U [ Edit Colours for Legend ]
1 4 [ Fick, Seanch, Save Values ]

Select Result Component

on Mises Stress -

von Mises Stress I
MNomal Stress Sigma x
Momal Stress Sigma ¥
Car Nomnal Stress Sigma z
Shear Stress Tau xr
L Shear Stress Tauyz
S Shear Stress Tau 2 [r—
1st principal Stress 51
2nd principal Stress 52
Ird principal Stress 53
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v.Mises-Stresses

Max Value = 339.66 Mpa

& FEM System MEANS V10 - FEM Structure File C\projekte\hydrogehaeuseltetl0.fem lol@] = |
File FEMAnalysis EditFEM Project Infos
NEEHESQAEHB ¢2203p¢ F-0-0- &8-L-+-B]-H-2-8
LOAD CASE= 2 & & piding L= (@] = ]
Contour of Stress e
von Mises Stress st B
=
w7
e F]
19078
14230
- -
= 5318 3
254.74 MPa /
ez 266,01 MPa
Edit B8]
soracra
@) Soted in asoending order
O msot O unsorted
fort: AvBack v
Sz 10 -
Fabe: yelow =
Tet: WPs
Z\( !
X
Surface Modus s active Surface= 2
2 FEM System MEANS V10 - FEM Structure File CiprojekicihydrogehacuseltetiOfem =0l

File  FEM Analysis  EditFEM Project Infos.
DNSH&S-QAHA oy F-F-0-8-L-4-I3:]- {-2-8
LOAD CASE= 2 (5]

Displacements
inyand z direction

.

00283

Edit [

N

X

Surface Modus is active Surface= 14
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Displacement Factor
e Select Structure with and without Displacements
e Calculate a Displacement Factor of 592.14
e Set down the Range of Stresses from 339 to 220 Mpa, because 339 is a
“Secundary Point Stress” caused by a badly tetrahedral element.
f -l Settings for Postprocessing l‘:' = &J
Displacements
st it @ () Structure with Displacements
Contour of Stress @ Structure with and without Displacements
von Mises Stress - -
1 Wireframe @ Edge Model
- 43966 () Transparence -
28778
" Structure without Displacements
235.28
13079 Displacement Factor
I BT Factor= 592.1425 Accept |
Harizontale Legende
Max. Value wihout | [Caleulate | [ Tumit | [- | [=]
Show or Hide Surfaces
Picking Stress Values Setting a Range of max. and min. Values
Select a new Componente ] B0
| Displacement Factor o Yilee lﬂj
Edit U t] r Min. Value: 2230965 Default |
Cancel | oK |
Further select ,Picking Stress Values®, ,Search and Setting“ and menu “Hide and
Show Surfaces” and display only the bolt surfaces stresses.
2 FEM System MEANS V10 - FEM Structure File CAprojekte\hydrogehasusevteti0fem W B o |

File FEMAnalysis  EditFEM Project Infos

LOAD CASE= 2 (=] [ & Picking .\ = B | % |
Contour of Stress
von Mises Stress
=
19640
18501
12261
92213
- 60.817
.
02231
AlVaues
Sesrch and Seting
Save n ASCII e

@ Sorted in ascending order

ot () unsorted

Fort: AidlBack v

Farbe: black

Text:  MPa

=

D& QUEHS s F-5-0- B-L-H-D3 - M- 2
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