Kapitel 17: Schrauben-Netzgenerator des FEM-Systems MEANS V11 173

Part 17: Screw Mesh Generator of FEM-System MEANS V11

With the new screw mesh generator, by entering a few data, screw models can be
meshed fully automatically and calculated using a contact analysis. Since most
screw models generally have a axisymmetrically geometry and load, the very
precise quatratic 2D axisymmetrical finite elements can be used, which require
considerably less computing and working time compared to the 3D-Screw-Thread
models.

Start the Screw Mesh Generator

The screw mesh generator is started with the register “Mesh Generation” and the
“Screw Mesh Generator” menu.
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Forces
Maximal Axial Force FA (N}
Preload FV {N)
Maximal Tangential Farce FT (N)
Safety Factor K5

Maximal Force FZin Z-Direction (N)

Maximal Force FR in R-Direction (M)

Number of Threads
Minimal Screw Diameter dmin {mm}

Thread-Length GL fmm)

Screw-Components

Screw Head Height KH {mm)

Screw Head Diameter KD (mm)

[sm0 |

Not Height MH frm) (0= Senkloch) [0 |

Mut Diameter MD {mm)

Clamping Part Height KL1 {mm)

Aerewlalahase Clamping Part Heigh KL2 {mm)

Load Srew-Database
Clamping Part Diameter (mm)

Save Screw-Database
Bore Diameter imm) 1186,

No Line Model available, please generate a Line Model!

Material Working Steps
¥ Youngs Modulus E (MPa) 210000 ‘
- 1. Generate Line Model
- Screw-Length L 658
oKL 2. Generate FEM Madel
Yield Strength S5 (MPa) 689
3. Create Loads with Load Case 1
Screw-Thread
4. Create Master-Surfaces with Load Case 2
Screw Thread Diameter d {mm) 16
! I 5. Create Slave-Sufaces with Load Case 3

6. Create Boundary Conditions

7. FEM-Analysis

Posiprocessing
v.Mises-Stresses
Screw-Thread-Stresses
Principal Stresses
Contact Stresses

Stress-Distance-Diagramm

OK

Forces

Only axisymmetrical loads can be calculated, but there is the option of converting a
moderate 2D rotation mesh into a 3D solid volume mesh for non-symmetrical loads.

Maximale Axial Force FA (N)

Preload FV (N)

Maximal Tangential Force FT (N)

Required Safety Factor KS

Maximal Force in the Z direction FZ = (FA - FV) * KS
Maximal Force in the R direction FR = FT * KS
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Screw-Thread

Screw-Thread Diameter d (mm)

Number of Threads (0 = no thread is created)
Minimal Screw Diameter dmin (mm)
Thread-Length GL (mm)

Screw-Components

KH = Screw-Head Height

KD = Screw-Head Diameter

MH = Nut Height

MD = Nut Diameter (0 = sinke hole without nut is created)
KL1 = Clamping Part Height of upper component

KL2 = Clamping Part Height of lower component

Working Steps

Perform the following 7 working steps one after the other to generate the 2D FEM
screw model fully automatically in a few seconds.

. Generate Line Model

. Generate FEM model

. Create Loads with Load Case 1

. Create Master-Surfaces with Load Case 2
. Create Slave-Surfaces with Load Case 3

. Create Boundary Conditions

. FEM-Analysis

~N O OB WN -

Postprocessing

After the FEM analysis, the following stresses can be evaluated and displayed in a
stress-displacement diagram:

1. v.Mises Stresses
Screw-Threads Stresses
Principal Stresses
Contact Stresses

A I A

Stress-Distance-Diagram

Screw Database
All screw datas can be saved in the screw database and loaded again.
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1. Create a Line Model

A beam line model with 3 element groups consisting of screw, thread and clamping
parts is created.

&1 Demo FEM System MEANS V11 - FEM Structure File C:\projekte\schrauben’ neul\ new.fem
@7 -

Files View Mesh Generation Edit FEM-Project FEM-Analysis

Postprocessing Training
F 3. Surface Load - D—+ 1. Boundary-Condition: ~ D : | s /
=
Loads Show Loads

Boundary-Conditions Show Boundary-Conditions | Element-Groups | Material-Datas | Editi

Info Line

& on - EG=1
Elon | | EG-2

To edit colours click on to the frames
[] Draw hidden EGs and
Surfaces as Wireframe

[] Weight per EG

|Groups 1-7 w

Creste Element groups
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2. Create a FEM Model

Mesh Generation follows the line model with element type “TRIX3” and the mesh
density “300” for a FEM mesh with 9046 nodes, 4875 TRIX3 elements and

3 element groups. The material data are also created with the entered Youngs
Modulus.

B85 2D-Netzgenerator = [m] >

von Blementgruppe: bis Elementgruppe:

Elemerttyp TRIX3 v
Netzdichte: 300 v

Fangradius: 5E06

[] QUAD-Vierscksnetz erzeugen
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Knaten prufen Netzverfeinerung

Cancel | Hep FEM-NETZE GENERIEREN
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3. Generate Axial Force

The resulting axial force FZ in the Z direction is generated with the entered value of
-73500 N in load case 1. The force acts directly on the thread, where clamping
forces, preload and frictional forces. A tangential load in the R direction can also be
calculated.

ﬁ FEM-5ystem MEANS V11 - Strukturdatei C\projekte’schrauben'neut2dmesh.fem
07 -

Datei Ansicht | Metzgenerierung . FEM-Projekt bearbeiten FEM-Analyse Ergebnisauswertung Training

. Knoten-Uberlagerung Schrauben-Netzgenerator  Behalter-Netzge
Cuad-hetze, Verfeinern, Loschen 7 ;
Jacobi-Determinante testen FEMM-Netzgenerator Wailzlager-Metzc
3D-Netzgenerator mit STEP, 5TL, IGES = | 2D-MNetzgenerator = Netze manipulieren [} Netze prifen F} Spezielle Netzgeneratoren

& on EG=1

= o - EG=2
& on - EG=3

Fir neve Farbe auf Farbrahmen kiicken

ausgeblendete EGs als
Drahtgitter darstellen

[ Gewicht fir jede EG

Gruppen 1-7 w

| Ne= Elementgruppen emeugen |

4. Master Contact Surface

The contact nodes between screw, thread and the clamping parts are determined
fully automatically and summarized in load case 2.
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5. Slave Contact Surface

Thecontact nodes between screw, thread and the clamping parts are determined
fully automatically and summarized in load case 3.

6. Generate boundary conditions

Clamping part 2 is firmly clamped at the bottom in the R and Z directions.

The boundary conditions and the loads can be edited or deleted at any time without
the screw mesh generator.

.FEMPS_nf-slmMEAMSVH—“ kturdatei C:ip 1' '. hrauben’, ”Idmsh.fem
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7. FEM-Analysis

Finally, the contact analysis is started in order to calculate the contact stresses.
Before the calculation, there is still the possibility to change master and slave

surface if a contact analysis should not converge.

g5 Contact-Pressure — O

C:projekteschrauben neu’2dmesh fem

5wap Mastersuface <-> Slavgsurface {Ll:u.Eu:h:.Eusn?T 1-2

Start Contact-Calculation with Guick-Solver

Start Contact-Postprocessing

Cancel

A numerically stable contact analysis converges after 8 to 15 iterations and requires

only a few minutes of computing time.

ot Cuick-Scolver

Nomal Precision (® Axisymmetric Elemerts CAXE or CAXE (6- or Bnode quadric element)

Path for INP-Salver: |C:'-.Pn:ugram FilesFEM-System_MEANS_\114Debugtinpsolverinpsolverbibit .E|

Path for INP Files: | C:projekteschrauben neu2dmeshb.INFP |

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

Start FEM-Solver with INP-Interface

Settings Help + Infos Cancel
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v. Mises Stresses

In the range of the nodes of the point load, very high secondary stresses occur,
which can be hidden with the next "Screw Thread Stresses" menu.

Vergleichsspannung
v.Mises

m

25950.05
2452 53
1955.12
1457 66
96015

462.73

- 0.0831

Bearbeiten D +
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Screw Thread Stresses

With “Screw Thread Stresses” the stresses can be hidden and the primary v.Mises
stresses can be shown on the thread. The hidden R range goes from 0 mm - 5.65
mm and the Z range from 0 mm - 32.4 mm.

Define a neutral Stress-Range:

(®) Range switch OFF () Range switch ON
flomX: [0 ] tex [5658187
from 1k 324

Cancel Ok

LASTRALL= 1

Vergleichsspannung
v.Mises

- 516:99

43798
36413
25023
216.45
142,60

68.761

I
Bearbeiten D [+]
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v.Mises-Stresses-Distance Diagram

All stresses of the edge nodes along the Z axis are shown in a diagram. However,

any other range of nodes can also be defined with “Node Modus”.
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85 Diagramme mit Knotenbereich - O

Meuer Knotenbereich erzeugen Diagramm-Beizpiele Lastfal = 1

Mr. Knaten ¥Vedomung ¥-Verformung ZWefamung Spannung
1 w23 ~ 0.00 ~ |[-0.01271 ~ ||0.00 A 45841
2 5 0.00 0.0 0.00 458386
3 1708 0.00 0.00 0.00 657916
4 1794 0.00 0.00 0.00 15.710
5 3563 0.00 0.01 0.00 20427
6 3662 0.00 0.00 0.00 31.604
7 1709 0.00 0.00 0.00 6.25548
3 1292 0.00 0.00 0.00 250.91
5 137 0.00 -0.01303 0.00 20.000
10 1282 0.00 0.00 0.00 25091
11 1793 0.00 0.00 0.00 17.080
12 2 0.00 0.01 0.00 38.647
13 1710 0.00 0.00 0.00 6.03468
14 344 0.00 .M 0.00 145.05
15 1792 0.00 0.00 0.00 18.692
16 171 0.00 0.00 0.00 579464
17 46 0.00 0.0 0.00 37.086
18 1791 0.00 0.00 0.00 20.603
19 1712 0.00 0.00 0.00 5.57341
20 22 0.00 0.01 0.00 20.000
21 1790 0.00 0.00 0.00 22963
22 Belll3hed i 0.00 v ||-0.01 ¥ ||0.00 ™ 22453

Zeile-Nr. 16schen |1 | bis |1 |
Diagramm auswahlen und darstellen |Z—Kaor\:|inaten mit Spannungen ~
Cancsl

Distance-Stress-Diagramm
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Principal Stresses

The maximum and minimum principal stresses S1 and S2 are shown, where S1 is
the positive tensile stress and S2 the negative compressive stress.

LASTFALL= 1
Minimale
Hauptspannung 52
24523

-17.704

Exact solution according to Roloff-Matek:

Maximum tensile / compressive stress=F /A =Fz /(P * dmin?/4)
=73500N/(P*12.93 mm *12.93 mm / 4)
=559 N/ mm?

With this stresses and the minimum screw diameter, the actual screw stresses
cannot be determined, because the first thread turns bear the forces
disproportionately.
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This shows the great advantages of this FEM contact calculation, which reflects the
disproportionate stress distribution in the thread very well.

Fz=-73500N

disproportionately
Stress distribution

Principal Stress-Distance-Diagram

Distance-Stress-Diagramm
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Contact-Stresses

The contact stresses or Hertzian contact stress are the greatest stresses that arise
in the middle of the contact surface of the thread.

Kontakt-Spannungen
CPRESS

- 1025.72

86893

57587

Bearbeiten D <
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Contact-Stress-Diagram

Here you can see very well how the contact stresses decrease disproportionately

per thread.

ﬁ gnuplot graph
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