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Part 37: Drop Test FEM Simulation of a 10-Ton Rock
falls onto Car Roof

The deformations and stresses are to be simulated using the Finite Element System
MEANS V13 ( www.femcad.de ) when a 10-ton rock falls onto a car roof.

The car body is made of lightweight aluminum, which is used in almost all electric
cars today due to the additional battery weight of 100 kg.

Disadvantages, however, are the higher plastic deformations and the lower yield
strength.

What are the:

® |mpact force

® Impact speed

® Fall height of the rock
® Fall time of the rock

when the A-pillar has deformed by -90 mm?
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FEM model of the car and FEM model of the rock for a nonlinear contact analysis


http://www.femcad.de
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Y-deformation of -90 mm in the A-pillar area

v. Mises stress distribution of 76 N/mm? in the A-pillar area.
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Calculating the impact force

The impact force can be read from the Load-Displacement Diagram for a
deformation in the Y direction of -90 mm at node 9515.
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The impact force of the rock is 3,600,000 N or 3,600 kN.

Calculating the impact velocity

First, the mass of the rock is calculated using a gravitational load, with a modulus of
elasticity of 19,000 N/mm? and a density of 2,000 kg/m?3. After the calculation, the
sum of the support forces in the Y direction can be read as 12,188 N, resulting in a
rock mass of 1,219 kg.

With the impact force, the mass, and the deformation of -90 mm, the impact speed
can be calculated using the braking distance formula:

F = impact force

m = rock mass
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S = distance traveled during an impact

v = average speed of the rock and car

This is solved for v:

V= Fx2+8S 3600 kN*2*0.09 m
m 1219 kg
= 23m/s = 82km/h

The impact speed of the rock is twice as high due to the stationary car:

v=(v )/ 2

Auto ¥ VFeIs

v =v*2=23mi/s*2=46 mi/s
Fels

The impact speed of the rock is therefore 46 m/s or 166 km/h.

Calculating the Fall Height and Fall Time

Using the speed of the rock, the fall height and fall time can be calculated using the
free fall formula:

=
H= L _ 46 m/s * 46 mls & MO5F
2*g 2 * 9.81 m/s?
2* H *
cu || 228 _ \/ 2105 m _ ,
g 9.81 m/s?

The fall height of the rock is 105 m with a fall time of 4.6 s.
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FEM Model Car

The FEM model Car is generated from a STEP file from www.grabcad.com using
the 3D mesh generator NETGEN. However, six "bad edges" or six unconnected
edges must first be optimized using the repair tool Transmagic.

Geocmetrie-Informaticnen

Mumber of analytice made from splines:
0 Planes,
0 Spheres,
0 Cyplinders,
0 Cones,
0 Tari
40 Intcurves,
28 Intcurves,
8 Straights,
0 Circles,
4 Ellipses,

GEOMBUILD FI: RESULTS :

Statistics of the healed body after geombuild fix ©
no. of edges = 187
no. of bad edges = 3
no. of coedges = 374
no. of bad coedges = 4
no. of vertices = 122
no. of bad vertices =6
no. of bad tangent edges =3
no. of bad tangent edges analytic = 1

bad edges

no. of 31 bad tangent edges analytic = 1

no. of bad tangent edges uv_uw = 2

no. of bad tangent edges boundary wy_uw =2
no. of bad tangent edges uv_nonuy =0

no. of bad tangent edges nonwy_nonuy =0 ¢
no. of bad tangent edges 3 4 sided=10 .
no. of sufaces = 57 e

no. of discontinuous surfaces =0
percentage of good geom = 98

After mesh generation, you get an FEM model consisting of 197,248 tetrahedra and
41,070 nodes. Save the FEM model as Car.FEM.



http://www.grabcad.com
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FEM Model Rock

Create a CAD cube measuring 1000 mm x 500 mm x 1000 mm and create an FEM
model consisting of 19,136 tetrahedra and 4,053 nodes. Perform a zero point shift
through node 3 using the "Coordinate Factor" menu in Node Mode and save the
FEM mesh as "Rock.FEM."
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Merge FEM Models

First, load the FEM model Auto.FEM normally. Then, select the "File" tab and the
"FEM Merge" menu to add the second FEM model Rock.FEM.

E FEM-Systemn MEAMNS V13 - Strukturdatel Chprojektelauto’caricarfels1.fem

@ | Datej | Ansicht Metzgenerierung FEM-Projekt bearbeiten FEM-Analyse Ergebnisauswertung Training

™ ™ = 1 ——
—~ . FEM-Zuladung | Import: STL ~ | .
| | — | ey 1. Chprojektelautohcar\carfels1.fem
I 1 /|| MPC-Kontakte | Export: DXF - | - et
Meu | Enladenrs  Sichern o Vereinen CAD Pfade Zuletzt gedffnete FEM-Projekte

o FEM-Zuladung

You will receive an FEM model consisting of 216,384 TET4 elements, 45,123 nodes,
and two element groups.
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Coordinate Move of the Rock

Display all nodes of element group 2 in Node Mode

EG= 2 B - 0O X
Flachen Knoten  Linien
ON EG=1
£ Anzahl Eckknoten = 45123
oo [l =
/| ON EG-3 von:
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e
| ON EG=b
Flachenknoten
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[+ ale Drahtgitter sichtbar Knotenbereich laschen
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st

w [mm |
v [ms |
z [
e ®

and use "Coordinate Factor" to move the rock by three coordinate moves at the
following distances:

- 410 mm in the X direction

315 mm in the Y direction
500 mm in the Z direction

First coordinate move of element group 2 by - 410 mm in the X direction:

vE‘ Koordinaten-Faktor — ] b 4
Faktor setzen :
(®) multiplizieren () dividieren
() addieren () ersetzen

Achsen vertauschen
(O X-Werte mit ¥-Werte vertauschen
O ¥-Werte mit Z-Werte vertauschen

O Y-Werte mit Z-Werte vertauschen
Koordinaten mit Faktor verandem

[#] ¥-Koordinaten [ Y-Koordinaten  [] Z-Koordinaten

[ nur die angezeigten Knoten im Knotenmodus verwenden

von Knotenpunkd:

bis Knotenpunkt: 45123

Koordinatenfaktor: 410

[ Mullpunktsverschiebung durch Knatenpunkt:

- P — |

Koordinaten mit Faktor verandem |

] iz
b
s
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Third coordinate move of element group 2 by 500 mm in the Z direction:

85! Koordinaten-Faktor = O =
Faktor setzen :
(O muttiplizieren () dividieren
(@) addieren () ersetzen

Achsen vertauschen
() ¥-Werte mit Y-Werte vertauschen
() ¥-Werte mit Z-Werte vertauschen

() Y-Werte mit Z-Werte vertauschen

Koordinaten mit Faktor verandem

[] ®-Koordinaten ~ [] Y-Koordinaten  [7] Z-Koordinaten

[ nur die angezeigten Knoten im Knotenmodus verwenden

von Knotenpunkt:

bis Knotenpunkt: 45123

Koordinatenfaktor:
[] Mullpunktsverschiebung durch Knotenpunkt:

| Koordinaten mit Faktor verandem |

Material Data

Using the "Edit FEM Project" tab and the "Material Data" menu, enter the following
material data:

Element group 1: Car body
Material: Aluminum

Young's modulus: 71,000 MPa
Poisson's ratio = 0.34

Density = 2,700 kg/m?

Yield strength = 70 MPa -> the nonlinear stress-strain curve for Alu 999 must be
selected in the FEM analysis "Material-Nonlinear"

Element Group 2: Rock

Material: Natural hard rock granite
Young's modulus: 100,000 MPa
Poisson's ratio = 0.25

Density = 3100 kg/m?
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Create boundary conditions

Create a fine surface model in Surface mode with the "Very Many" setting and use
"Edit FEA Project" and "Boundary Conditions" to firmly constrain the soil in the X, Y,
and Z directions.

8 Flachenmodell erzeugen - o x

O wenig Flachen O nomal O viele @® shrviele

Flachenenteiung=  [0.957 | Hirweis |

® gesamtmt V13 O gesamimtV8 (O Quick mt Bersich

[ mit Kanten-Uberprifungen

[ Cancel | [ Meves Fschermodel czugen |

Create prescribed boundary conditions

The upper and lower surface of the rock are fixed in the X and Z directions, and a
prescribed displacement of "-200" mm is specified in the Y direction.

- S
U Datei Ansicht Netzgenerierung ! FEM-Projekt bearbeiten \ FEM-Analyse Ergebnisauswertung Training

F 3. Flachenbelastung 8 l>—+ 1. Randbedingungen - j E. ‘ h\llu . / I ri
— = 6. Belastungen

| E : | ‘
Belastungen ] Belastungen darstellen | Rundbedingungen [ Randbedingungen darstellen | Elementgruppen | Materisidaten | Editor
Flichen-Modus aktiviert - Fliche= 24

#8 Randbedingungen O he
Anzahl Randbedingungen aktuell 4305 [ Neu |
Wet der Randbedingung
Pt o
[ in %-Richtung [ in Z-Richtung
in Y-Richtung [ Einspannung
Selectiersn
(® Fachermodus (O) Rechteck aufspannen
() einzelne Knoten anklicken (O alle angezeigten Knoten wahlen
O Koordinatenbereich definieren alle angez les

RB-Symbole anpassen

o o p—

| RB-symbole umerzher | RE-Fae: [

Cancel ] i Editor i [ RBs erzeugen i
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Create Load Case 1

Create any desired, but very small, nodal load, as the external load is already
specified by the boundary conditions above.

Create Load Case 2 with Master Contact Surface

Create the master contact surface by hiding element group 2 using Elementgruppen
and then displaying the surface nodes of surface 5 in Node Mode.

B - 0 x
Suface 5~ || DELETE
[Cciea]
L | =TT

[ Knaten [ Fachen
[] Elemente [ Kanten

CANCEL ERZEUGEN

i

&

= m] X
Rachen Knoten | Linien

Anzahl Eckknoten = 45123

Letzter Knotenbereich ~

won:

bis: 5328

Knoten anzeigen

Knotenbereich erzeugen

Fachenknoten

Hachen-Randknoten

Knotenbereich idschen

. Knotenbersich léschen

Knotenbereich Sndem
Koordinaten-Faktor
Keaten: [eom |
x

v
Z 328296

Reduce this node of range again with “Create a Node Range” with a second node

range from -420 mm to 620 mm in the X direction.

| 85 Knotenbereich Erzeugen

Bitte mit der Maus ein Rechteck aufspannen oder einzelner Knoten anklicken!

Anzahl Knotenbereich =

758 | [ hew |

[ Knotenbersich aus Knotenbereich erzeugen Help

Selection
(") Rechteck aufspannen ) Knoten picken @ Koordinatenbereich
() Aachenmodell
| Knotenbereich sichem | | Knotenbereich erzeugen ‘
[ embomnainie |

Q Koordinatenbereich
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Finally, a surface load is created with load case 2 and the "all displayed nodes"
selection without a load value.

w Datei
F
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Ansicht Netzgenerierung FEM-Projekt bearbeiten FEM-Analyse Ergebnisauswertung
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L

'Ed\-'.cr
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Materialdaten

85 Flachenlast erzeugen

1272

Aktueller Lastfall:
Anzahl Lastwerte:

Wert der Flachenlast: | 01
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() Y-Richtung
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Cancel Editor
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Create load case 3 with a Slave Contact Surface

Create the slave contact surface by redisplaying element group 2 and hiding

element group 1, and create a surface load with load case 3 and the "surface mode"
selection on the lower surface of the rock.
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Nonlinear Contact Analysis

The FEA assembly consisting of the car body and the rock can now be calculated

using a nonlinear contact analysis. Select the "FEA Analysis" tab and the "Material -
Nonlinear" menu and define:

w Datei Ansicht MNetzgenerierung FEM-Projekt bearbeiten FEM-Analyse

. T Infos zum FEM-Modell
s .’-.-1ate*.a§—:'\:c"t-f-ea-'|T| FEM-Solver wihlen I

Modell-Abmessungen
1. | Statik
: FEM-Ablauf = Infos Strukturmodell =~ FEM
2. |Dynamik

3. | Temperatur
4. |Beulen

. | Geometrisch Nichtlinear

. Material-Nichtlinear

2
4
5
6. | Kontaktbedingungen
7
8

. | Formoptimierung

Use the "Select a Stress Curve from the Database" menu to select the stress-strain
curve "ALUMINIUM PURE 99 996 ANNEALED."

Use the "With NLGEOM Solver and Time Steps" option to configure the solver for
large deformations and adopt the number of increments, initial time, step time,
minimum time, and maximum time from the default settings.

Use the "With Contact Analysis" option to enable contact analysis.

o5 Plastische Verformungen = O X

Material Law:

() Linear Blagtic

(® Nonlinear with Hardening lsotrop
() Nonlinear with Hardening Kinematic
() Nonlinear with Hardening Combined

Select 3 Stress-Strain-Curve from the Database Edit

Plot Stress-Strain-Curve Plot Stress-DisplacementCurve

Material: ALUMINUM PURE 99.996 ANNEALED

mit NLGEOM-Solver und Zeitschritten
Anzahl Inkremerte:
Arfangszeit:
Schrittzeit:
Mindestzeit:

Maximalzeit: Default

mit Kontakt-Lnalyse
Belastung: Lastfall:

MASTER-Surface: Lastfall:

-t (=] - [=] )

wl R [= i W |2
|'I|'|
e |

SLAVE-Suface: Lastfal:

CANCEL | START NONLINEAR FEM-ANALYSIS
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Postprocessing

/]
Select the "Postprocessing" tab and click the icon @ to evaluate the results.

Activate "Read all load cases" to first determine the number of load cases from the
FRD file, as the FEM solver often converges slowly towards the end with the error
message "too many cutbacks" and aborts the calculation.

MEAMNS V13 pod

Mumber of Loadcases = 45 FRD-File has Lines = 10722650

Select "Model with Results Evaluation" from the menu with the desired load case to
display the stress or deformation distribution.

o' Postprocessing — El X

Ergebnisse einladen

Lasifall: (1 ~ Read all Loadcases

o
() Verformungen auswerten

(@) Knotenspannungen gemitelt () Auflagerkrafte auswerten
() Bementspannungen ungemitelt () Knotenkrafte auswerten
Legende
Raster{Zanauigheit Verformungsfaktor/Wertebereich
' Legende und Farben einstellen
1 3 4 8 Knotenwerte picken, suchen, sichem

Schnitt-Sufaces mit Knotenbersich

Ergebnis-Komponente wahlen

1 - 1 -
[v.Mises-Vergleichsspannung w

Cancel Modell mit Ergebnizauswertung
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Stress and deformation distribution

For the final load case 45, the following plastic deformations and nodal stresses with
a stress-strain curve for aluminum result:

Maximum plastic deformation in the Y direction =-117.20 mm

FEM-Analyse Training

Verformungsfaktor FEM NP

Dehnungen aus Spanr -
STA FRD = =

fon 5 Dateienlisten ;. Bemessung/Nachweise 1=

v.Mises nodal stresses = 76 MPa

FEM-Analyse Training

Legende1 - Verformungsfaktor FEM NP
Disgramm 1~ Value-Animation - STA FRD
fon 5 Dateienlisten ;. Bemessung/Nachweise 1=

Dehnungen aus Spanr -
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Sum of impact force = 3,800,795 N = 3,800 kN = 380 tons

Select the "Postprocessing” tab, "Pick Node Values," and "Sum of Reaction Forces"
to display the sum of reaction forces.

MEAMS V13 x

Summe Y-Krafte = -2.39 M / Summe Y-Auflagerkrafte = 3800795 M

Load-Displacement-Diagram

In addition, the impact force on the A-pillar at node 9518 can be determined from
the load-deformation diagram.

Knoten 9518

Select the "Postprocessing" tab, then the "Stress-Strain Diagram" menu to open an
11-column dialog box.

FEM-Projekt bearbeiten FEM-Analyse Ergebnisauswertung

rte picken Legende 1 - Verformungsfaktor

rie editieren Diagramm 1 |T| Value-Animation -

i-Anzeige & Lg Tabelle Skalieren/Animation
= Diagrammm 1

tress-Strain-Diagramm

Diagramm erstellen
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Enter node 9518 and select "Start" to list the deformations, stresses, and forces at

that node for each load case.

nY

Anzahl Lastfalle = |45 Knoten fir Veformungen = 5518 v

Ausgangslange LO = |50 Knoten fur Spannungen = 9518 v_Mises -~
H n H H H n n

After a few minutes, select "Display diagram and select with" and "Load-
. n . . .
Displacement" to display the load-deformation diagram..

o8 Erste — o

Anzahl Lastfalle = Knaten fir Verformungen = Absolute Werte FEM-File Cihprojekte \auto'caricarfels2 fem

Ausgangslange LO = |50 Knoten fur Spannungen = Result-File:  C:\projekte\autocaricarfels2. FRD

X¥Merformung Y-Verformung Z-Verformung Dehnung=VYer /L0 Knoten Spannung Last FX Last FY Last FZ
714169 o~ |[-41.443 e ~ 05024081 ~ 9518 ~ || 76.429 ~ | (000 -~ 3134644 0.00 -~
-7.38260 -42.729 0948726 9518 76.428 0.00 3162921 0.00
=F 1 101657 0.00 3205675 0.00
] 07428 0.00 3236524 0.00
827735 1132298 0.00 3267016 0.00
8.54553 0.00 3298167 000
-8.94877 0.00 2344710 0.00
-5.54167 0.00 3414466 0.00
973362 0.00 3437198 0.00
5.53932 0.00 3462971 0.00
10.142 0.00 3485253 0.00
10.345 0.00 3515214 0.00
10.548 0.00 3840147 0.00
10.746 0.00 3568513 0.00
10.544 0.00 3551001 0.00
11.141 000 3616080 000
11.338 0.00 3641102 0.00
11.530 0.00 3666576 0.00
11.715 0.00 3693345 0.00
11.503 7.15 2 0.00 3719374 0.00
-12.094 £8.213 -12.094 232 0.00 3744711 0.00
(12285 Rl 65257 Rl 12235 KAl 233633 Kd (000 Rdlll 3800755 Rdll000 _____Rd
Fertig, die Diagramme kénnen nun dargestelt werden!
Cancel Anhalten Diagramm-Beispiele D\_agramm da_rstal\en und aus\_n'.%hl_an mit Stress-Strain ~

Load-Displacement Diagram

A plastic deformation of -70 mm results in an impact force of approximately 350 tons

at node 9815. This is a plausible force when compared to the pressing force of an

automobile press, which is over 500 tons.

3.5e+006

3e+006

2.5e+006

Loads [N]

2e+006

1.5e+006

Displacements [mm]

70
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Stress-Strain Diagram

Up to the aluminum vyield strength of 75 MPa, stresses and strains are elastic. After
that, plastic deformation begins, meaning the strains increase but the stresses
change only slightly. The material begins to flow, and irreversible permanent
deformation occurs.

Stresses [MPa)

10 20 30 40 50 60 70

Displacements [mm]
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