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Part 28: Heavy duty trailer with a weight and inertial force

An excavator with a dead weight of 15t is transported with a heavy-duty trailer. How
high are the deformations and stresses when braking hard on the beam girders of
S355 structural steel.

15t excavator with heavy-duty trailer
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Weight and Inertial Force
Emergency braking in the direction of travel with a forward mass inertia of 2g and a

downward weight of 1g.

2g =300 000 N
«—) sP

1g=150 000 N

FEM mesh generation

First the CAD assembly is converted into a part since only a part and not an
assembly can be meshed and export it in STEP format
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Start MEANS V12 via the desktop icon and select "New" to use the 3D mesh
generator "Mesh Generator MEANSMES V2 for complex Structures" available from
August 1st, 2022 and select the desired STEP file.
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N [ Fies | View  MeshGeneration  EditFEM-Project.  FEM-Analysic |

| .ﬂ FEM-Merge Import: [STL - | | o
._ / MPC-Contact | Export: DXF - L :

New Open 3 Save o Unit CAD

sl MEW PROJECT — O ho4

() 3D Mesh Generator MEANSMES Y1 {STEP, IGES, 5TL)
() 3D Mesh Generator GMSH {(STEP)
(®) Mesh Generator MEANSMES W2 for comlex Structures install

() 2D/30 Beam Model with Line-Modus

() 3D Shel Model with a Container Mesh Genenerator

MEW PROJECT

Select the "Start mesh generator with CAD file" menu to display the STEP model in
the 3D mesh generator in a new frame window.

ol 3D Mesh Generation

s B
Directory: |C:'-projekte'-anhaenger'-. | Browser
Defaut
@ STEP O IGES O STL/AST (ASCIl) e

car_trailer_part step
FRAC TAMK.STEP
FRAC TAMK_part.step
plstep

Start 3D Mesh Generator

Start 3D Tetrahedral Mesh Generator

Cancel
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Since the trailer consists of very thin U-profiles and a moderate FEM mesh of
approx. 450,000 tetrahedrons is to be generated, the following setting must first be
set with the Mesh/Meshing Options menu:

# Mezhing Options — O x
g g

General Mesh Size STL Charts Optimizer Debug

ST
max mesh-zize| 1000 =
! e =
min mesh-zize |0 =
mesh-size grading| 1.0 =
mesh-size file:
| | Browse
C5G mesh-size
I LC'.E Elements per curvature radius
I 0.2 | Elements per edge

5TL mesh-zize
0.2 STL - chart distance
0.2 STL - line length

I [2.0 STL/IGES/STEP - close edges

0.2: [ STL - surface curvature

0.2 [] STL - edge angle

0.2 | [ 5TL - surface mesh curv

STL - Recalc mesh size for surface optimization

Calc Mew H

Apply o

Select "Generate Mesh" to create a mesh with 166054 nodes and 457400 elements.

File Geometry Mesh View Refinement Special Help Solve
Quit : Stop Visual Soclve PDE Recent Mesh v | Zoom All Center

L

Points: 166054 Elements: 457480 Surf Elements: 332418
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Export the FEM mesh either in Neutral format with *.FEM or in Abaqus format with
*.INP. Then switch back to MEANS V12 and open this FEM mesh with the "Open"
menu. The surface model will only be needed later for the middle section.
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So that the dimensions can be adopted on page 1, a ,Node of Range“ must first be
created in the lower right corner with the icon from the View tab in order to be able
to read corner node 87, then carry out a zero point shift with the "Coordinate Factor"
menu.
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MEANS version

Unfortunately, this model is too large for the user with a MEANS LITE version with
up to 400,000 nodes and elements. In the CAD the user would have to try to
decimate the trailer in non-relevant parts or switch to a higher MEANS version such
as MEANS DESIGN up to 999,000 nodes and elements or MEANS HIGH END with
unlimited nodes and elements.

Create Element Group 2

Only the most heavily loaded center section from X= 1392 mm to X= 4208 mm is
now used. To do this, element group 2 is created from the middle part and the rest
of the trailer is hidden. Select the "Edit FEM project" tab and the "Element groups"
menu and create element group 2 using a coordinate range.

@7 -
Datei Ansicht Metzgenerierung FEM-Projekt bearbeiten FEM-Analyse Ergebnisauswertung Training
F 1. Knotenbelastung - D—+ 1. Randbedingungen - D 5!

i

Belastungen Belastungen darstellen Randbedingungen Randbedingungen darstellen Elementgruppen | Materialdat
Flachen-Modus aktiviert - Flache= 42

g EG= 2 - O X
[ on EG=1
Elementgruppen erzeugen
ON EG=2
Elementgruppe erzeugen:
() EG mit aufgespannten Rechteck und einer Tisfe erzeugen
() EG mit allen angezeigten Knoten erzeugen
(") Elementgruppe aus mehreren Flachen erzeugen
(® Hlementgruppe mit Koordinatenbersich erzeugen
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Define the coordinate range with the following limits values plus a tolerance of 0.5:

o5 Koordinatenbereich

II D
x

von X; 13915 biz X: |42085
von Y: bis " 244
von £ -358 his £ 2123

Then first hide element group 1 and create the surface model of element group 2
with the "View" tab and Menu ,Surface Modus®.
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Create a Surface Load

The weight load of 15t can be generated as a surface load. Select the tab "Edit FEM
project and "Surface Load" and enter the value of the loading with "150000" N and
select menu "Create Load" and click on the surface 33.
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Create Boundary Conditions

The trailer is clamped fixed on the lower surfaces. Select the "Edit FEM Project" tab
and create the Boundary Condtions on the Surface 38 and 64.
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Dotei  Ansicht  Metgenerieung | FEM-Projektbearbeiten | FEM-Analyse  Ergebnissuswertung  Training
I F 3. Fischenbelastung B |>—+ 1. Randbedingungen - | (B | / | !'"'!.
‘ : g | - dingung | [] B | 6. Belastungen v‘ Pt
Belastungen /] Belastungen darstellen | Randbedingungen 4] Randbedingungen darstellen | Elementgruppen | Materialdaten | Editer Temperatur
‘ Flachen-Modus aktiviert - Flache= 164 &
ol = O X

Surface 38 DELETE
Surface 164 m
[ clear |

Knoten Flachen
Blemente [ Kanten

[ cANCEL | [ ERZEUGEN |

Material Data

The material steel S355 is always preset with a modulus of elasticity of 210 000
MPa and a Poisson number of 0.3 like all other types of steel.

FEM Analysis

After saving the FEM model under any name, select the "FEM Analysis" tab and the
"Statics" menu to use the Quick Solver to calculate the deformations and stresses.

ad FEM-Analyse = O X

Cprojekte’heavy duty trailer'tetd fem

Select Solver
() MEANS-Solver (® Quick-Salver

Schritt 1:: FEM-Salver starten

Schritt 2: Postprocessing statten

FEM-Salver auswahlen Ergebnisgrélien einstellen

Cancel




Part 28: Heavy duty trailer with a weight and inertial force 76

Postprocessing

The displacements and stresses are evaluated graphically with the
"Postprocessing” tab.

Displacements

max. Displacements in Y direction = -4.0713 mm
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gl ik = A 2 Ermidungsnachweis F -
Knoterwerte picken Disgramm1 - | Valus-Animation -| || STA FRD

I Dateienlisten ;. Bemessung/Nachweise 13




Part 28: Heavy duty trailer with a weight and inertial force 77

Generate mass inertia forces
The mass inertia forces act in the center of gravity SP and must be evenly projected
onto the center part of the trailer using MPC elements. The downward Y inertia

forces are 1g with FGy = -150,000 N and the forward X inertia forces are 2g with
FGx = 300,000 N.

Fgx = 20 = 300 000 N SP

FGy= 1g=-150 000 N

First, the surface load is shown with the View tab and Node-Modus menu, as well as
the side menus ,Load” and ,Show Nodes* to create an ,Range of Nodes" of the load.

SUHace Modes | Lines

Number of Nodes = 166054

|Load V|

until: | 9255

Edit 2 Range of Nodes
| Coordinate-Factor |

[] Node numbering

A [] Element numbering

[] Blement groups
(I b - S P B e M

With the ,Edit FEM-Project® tab and the,Bending and Torsional Moment* menu

& e View  Mesh Generation | Edit FEM-Project |

F . [7. Bending and TorsionH| D—+ ':‘I. Bo

| Loads | Point Load i-Conditions [ She
Line Load I current Nede 21
. |Surface Load -

Gravitation Load

Centrifugal Load
. | Temperature Load

e e W o

Bending and Torsicnal Moment
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all nodes of the ,Range of Nodes* are listed. With "Inner Nodes" only the 4798
inside nodes are shown. The internal nodes must then be reduced to 100 nodes
using the "Reduce" menu, since only 100 nodes can be calculated with an MP node
in the FEM solver.

Enter a "Point Load" in Y direction of "-150000 N" and a MP distance in Y direction =
1000 mm and select menu "Step 2 - Calculate MP Coordinates" and menu

"Step 3 - Create a Point Load without Lever Arm*“ to generate a Point Load.

95 Bending and Torsional Moments = O X
® Point Load (O Bending Momert () Torsional Moment
Schit1: | Stepl:Select | | Knotenbewich | ) Sudace Nodes
Foq=-S00N Hebeiam = 20 mm
() Edge Modes MP § Fp= 1000 lz: F_:-so‘ou -
Knoten 141024 = X 26804 ¥ 238.5 7 1660.92 -~ - ﬁ“"’”:ﬂ""“ s o MP Fyp = 500N
Knoten 141025 = X 26804 Y 2385 Z 1674.623 @® Inner Nodes mp
Knoten 141026 = X 26804 Y 238.5 7 1688.539 F= S0ON
Knoten 141027 = X 2680.4 ¥ 2385 Z 1702.317

Knoten 141028 = X 26804 Y 2385 Z 1715.279 Comlte = 7 E -y
Knoten 141029 - X 26804 ¥ 2385 Z 1728.175 = G |@e> dEE Qﬂ.}

Knoten 141030 = X 2680.4 Y 2385 Z 174155 Activate =

Knoten 141031 = X 26804 Y 2385 Z 1754.977

Knoten 141032 <X 26804 Y 2385 7 1768.144 e |
Knoten 141033 = X 26804 Y 2385 Z 1781.357 B
Knoten 141034 - X 26304 Y 2385 Z 1795.064

Knoten 141035 = X 2680.4 Y 2335 Z 1808.355 Reduzieren auf
Knoten 141036 = X 2630.4 Y 233.5 7 1821544
Knoten 141037 = X 2680.4 Y 238.5 7 1835014 Reduzieren |

Knoten 141038 = X 26804 Y 2385 Z 1848.574
Knoten 141039 = X 26304 Y 2385 Z 1862.274
Knoten 141040 - X 26804 Y 2335 Z 1875.224
Knoten 141041 =X 26804 Y 2385 Z 1888.117
Knoten 141042 = X 26304 Y 2385 Z 1901.839

Knoten 141043 = X 2680 4 Y 2385 7 1315 556
Knoten 141044 = X 26804 Y 2385 Z 1528.429
Knoten 141045 = X 26804 Y 233 5 Z 1541.281
Knoten 141045 - X 26804 Y 2385 Z 1954867
Knoten 141047 = X 26804 Y 2335 Z 1968.321

Knoten 147048 = X 2680.4 Y 2385 Z 1981.797 RS |
Knoten 141049 = X 25804 Y 2385 Z 199506
Knoten 141050 = X 26304 Y 2385 Z 2008.362

Knoten 141051 = X 2680.4 Y 238.5 Z 2022.05 FX1 = Fx2= D Eristiiii
Knoten 141052 = X 2680.4 Y 2335 Z 2035.17 v
FYi= 2= o | MPx- [2753088| XDistace= [0 |

=,

Loadcases =

CHA [

0 FZ1= Fz2= ) :
\ Step 3: Create a Point Load without Lever Am | L] MEx= ¥ Distanca=
% Lever A No. 1= KlverAmMo.2= [0 | MPz - ZDstance= [0 |
| i3kl | | it | ¥ Lever Am No. 1= ¥ Lever Am No. 2= I:I | Step 2: Calculate MP Coordinates I
Z Lever Amn No. 1= ZleverAmMo.2:[0 |

A Point Load of -150000 N is generated at the MP node, which is connected to the
100 selected nodes via MPC elements.

Hachen | Mt | Lnien

Anzahl Eckknoten = 166054
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Knoten anzeigen
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g
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However, the MPC elements can also be created individually in the Line-Modus
by connecting the 100 nodes with lines to the MP node.

Repeat the input and use a second MP node to create load case 2 with a Point Load
of "300,000 N" in the X direction and carry out an FEM analysis with the Quick
Solver.

The result is load case 2 with superimposed load cases 1+2 with the following
v.Mises stress contour:

42857

266

2114

s —
\lg‘géﬂl."

-




