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Motivation virtual@®vehicle

State of the Art

* No standards in component-modeling (air-, leaf-spring, etc.)
o Uncertain and fault-prone modeling process
o Hard-to-compare simulation results

« The quality of the model depends on the
o EXxperience of the user
o Methodology
o Avalilability of measurement data

Main goal of this Project
o Knowledge-based and standardized component modeling
o Model-generator and data input process
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Component-Modeling virtual {} vehicle

Leaf springs @ e ®
« Widely used in heavy vehicles
* Robust component . -~

e |LOw cost —==—F
« Main tasks « Main deformations
o Spring function (z) o 1stbending — deflection

o Control of the axle (y, X) o 2" bending (S-shape) — braking

May 19th 2011



Component-Modeling virtual {} vehicle

Model-Diversity

Choice of the
model-complexity

\ 4

Simple model ~ 4mmmssm) Standard model <mmmmm) Complex model

* e.g. linear vertical stiffness « important physical effects + more necessary effects
 high computational efficiency < S-bump * bearing eye
* only for the concept phase « geometrical coupling e twisting

» dynamic effects

« Higher model-complexity = more modeling demand and CPU time

« Switching between model-types = no flexibility, in most of the cases new
model necessary

- Leaf-Spring-Generator: automatized process
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Component-Modeling virtual {} vehicle

,Massless"-model
« User Routine - force element (UForce — massless beam)

* Neglects the mass influence — static model

 Concept
o 2..10 3D beam elements
o Deformed shape - linear beam static
o Nonlinear coupling between displacement and rotation
o Data-input modes

1. Geometry-based: discretized sections {x;, h;, b}
2. Vertical stiffness-based: requested stiffness with deviation (C,, AC))
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Component-Modeling virtual {} vehicle

,Massless"-model
* One force element for the half of a leaf spring

« Model approach: cantilever beam

« Generalized coordinates only at the end nodes - Guyan-reduction -
efficient time integration

* S-bump internally handled
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Component-Modeling virtual h:} vehicle

,Massless“-model
« Data-input process
o Geometry-based

. h;, b} | S [mh| F=Su |mh| C,

o Stiffness-based
— Iterative process
— Assumption: bending stress (0g) is constant over the cantilever beam

{Xi’ bi}’ CZ ’ACZ . 6|:n (I es _Xi) —_
IQES1 OB’ F: hi B hmin +\/ g 4 S |-| E_Sg » CZ

bog
hmax/hmin
7, = const ac, <|S=Ce
''''' secant method C.o
to adjust og ‘
C, o.k.

z
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Component-Modeling

virtual@vehicle

,Massless"-model in SIMPACK

— EI "

=4 SIMPACK: MBS Force Element =3 SIMPACK: MBS Force Element

File Help File Help
Marme |$F_mless] Mame | $F_mless2
Fram Markeri..  |[$M_BFTi_vo From Markeri..  |[$M_BFTr_hi
To Marker j... | $hd_Lager_vo To Marker i .. | $#_Lager_hi
DataBase... | nane DataBass... | nane
Identity ta... | none Identity ta... | none
Force Type... | 25; Massless Beam Force Type... | 25: Massless Beam
Parameters l Parameters l

Bedatung: 0O=geom, 1=5teifigk.
Puffereingriff: O=aus, 1=ein

$_Flagsteif
$_Flagpuff_1

Bedatung: 0O=geom, 1=Steifigk.
Puffereingriff: O=aus, 1=ein

%_Flagsteif
$_Flagpuff_1

Gesamtlange in Strecklage [m] $_lges_1 Gesamtlange in Strecklage [m] = % _Tges_1
Emodul [N/mA2] %_Emod Emodul [N/mAZ] = $_Emod
Schubmodul [N/mA2] %_Gmod Schubmodul [N/mAZ] = %_Gmod

Anzahl der Balkenfelder i_n_galk Anzahl der Balkenfelder = $_n_Balk
Hohemverlauf 3I__hoehe

Breitenverlauf $I_greitel Breitenverlauf = $I_Breitel
Dis.BF-Mitte - Lageraugenmitte [m] F_r_LA Dis.BF-Mitte - Lageraugenmitte [m] = 5_r_LA
galkenverkirzung: 0O=aus, 1=sin $_Flag_wverkuerz Balkenverkirzung: 0=aus, 1=ein = $_Flag_verkuerz
Fnom_z bei znom [N] $_F_nomz Frnom_z bei znom [N] = $_F_nomz
Biegung in z (bei Fnom_z) znom [m] $_z_nomF Biegung in z (bei Fnom_z) znom [m] = $_z_nomF

Marker Puffer none Marker Puffer iM_sPuffer
Tin. steifigkeit Puffer [N/m] 0.0 . . L _ _
steifigkeitskennlinie Puffer [N/m] none steifigkeitskennlinie Puffer [N/m] = $I_sPuff
HEhe: BF-Mitte - BF_OK [m] 0.0 Hohe: BF-Mitte - BF_OK [m] = f£_h_BFM_0OK
max. Interationen (Newton) f_maxit max. Interationen (Newton) = S_maxit
max. Fehler (Mewton) f_err_it max. Fehler (Newton) .= S$_err_it
radiale Lageraugensteigigksit [N/m] $_Cr_LA radiale Lageraugensteigigkeit [N/m] = $_Cr_LA
Globale pampfung [Ns/m] $_d_glob Globale Dampfung [Ns/m] = $_d_glob
vertikale steifigkeit [N/m] = $_Cz0_1
Nennlast [N] = $_Fno_1
Biegefestigkeit [N/mA2] = %_51g_BO
hmax / hmin = %_alpha_h
Toleranz sSteifigkeit [%] = $_steif_tol
Ausgabe Knotenversch.: 1=3/0=n = %_Flag_nodeout Ausgabe Knotenversch.: 1=j/0=n = §_Flag_nodeout

- a0 Graphics
Input data based on stiffness,

with S-bump

3D Graphics |

Input data based on geometry,
without S-bump
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Component-Modeling

SIMBEAM-model
« A cantilever beam for each leaf spring halves

« Considered modes:
o First 2 bending modes in vertical direction
o First bending mode in lateral direction
o First torsional mode

« Geometric stiffness (coupling x-z)
* More leaf spring layers can also be modelled
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Component-Modeling

virtual@®vehicle

,Massless“-model vs. SIMBEAM-model

* Only one layer is considered
* Input:
1. Geometry
2. Stiffness
* Force element
* No structural dynamics

Masless-Model
SIMBEAM-Model

One or more layers can be
considered

Input:

1. Geometry
Elastic body
Structural dynamics

Ride Comfort Simulations

SIMBEAM
Fine Tuning
Massless - Geometry Leaf Spring
Geometry

»

Basic
Massless - Stiffness ayou

Steering-file Generator

Leaf spring models
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Validation virtual @vehicle

Comparison ,Massless®- SIMBEAM-Modell
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Leaf-Spring-Generator virtual {} vehicle

Modeling concept

material properties  mass, inertia
E,.G - bearing eye -
- axle beam

position markers
-from, to stiffness-chart

-S-Bump - S-bump

Input-data steering file

May 19th 2011 s (2 sermeeting 2011 — Gabor Miller



Leaf-Spring-Generator

virtual(®)vehicle

Functionality

ASCII Steering File *.spck

Datei Bearbeten Format Ansicht 7 Datei Bearbeiten Format Ansicht 7

! Flags prand.?r'id.vert.stEp 1.0000000000000000E+001 ! vertical step
prop2d. Tine.width [} ! Line width )

Flag_sID =0 ! 0=Massless, 1=5IMBEAM prop2d. proj.dir =1 ! projection directio

Flag_steif =1 ! Bedatung nach O=Geometrie, 1=steifigkeit : cubstruet

Flag_spuffer =1 ! s-schlagpuffer l=existiert, O=nicht existiert | LsapsTrucTUres

NN RN RN RN N RN RN RN NN : Input Function sets

! Federlagen und Federhaelften !

n_FLage =1 ! anzahl der Federlagen : Ref .

n_rHaelfte/Lage =2 ! anzahl der Federhaelften pro Federlage eeTerence systems

T TN R A ST RN NNY refsys.rype ( so-tsys yot " vee

! Daten - Geom marker. type ( SM_Isys y=1 ! Type

! mk_to - lges marker.parent ( SM_Isys ) = SB_Isys ! Reference system

mk_to_vo_1_x = ! to Marker x-Koord., vorne, BFL #1

e = | marker. type ( M_Isys_Lager_vo ) 1 ! Type

mk—to—vo—l—y : to Marker ¥ Koord. , vorne, BFL #1 marker. parent ( M_ISys_Lager_vo ) B_ISys ! rReference system

mk_to_vo_1_ z ! to Marker z-Koord., vorne, BFL #1 marker.pos ( 1, M_Isys_Lager_vo ) = $_rx_Lager_vo ! position

1_ges_vo ! Gesamtlaenge der BFH, vorne, BFL #1 marker.pos ( 2, M_Isys_Lager_vo ) = S_ry_Lager_vo ! position
marker.pos ( 3, M_Isys_Lager_vo ) = S_rz_Lager_vo ! position

mk_to_hi_1_x ! to Marker x-Koord., hinten, BFL #1

mk_to_hi_1_y ! to Marker y-Koord., hinten, BFL #1 "‘3”':”-[)"’9 E ¢ m,isys,ggr g - ! ?’29 .

mk_to_m 12 | To Marker 2 koord., himen: ol #1 marker:parer L pameem JTE, | Belsrence systen

T_ges_hi ! Gesamtlaenge der BFH, hinten, BFL #1 marker.pos ( 2, M_Isys BFTr ] _ry_BFTr ! position
marker.pos ( 3, M_Isys_BFTr ) = S_rz_BFTr ! position

! global Geom . )

wW_BFTrh ! Halbe Breite des BF-Traegers marker. type ( M_Tsys_Lager_hi ) = ! Type

riavo ! Lageraugenradius - vorne marker-parent ¢ . H-Toye_tager i I e | Reference systen

r_La_hi ! Lageraugenradius - hinten marker:pus C 2 z M:Isys:\_ager:hw ) :ry:LagEr:hi ! Position
marker.pos ( 3, M_Isys_Lager_hi ) _rz_Lager_hi ! position

! s—puffer X marker.ang ( 1, M_Isys_Lager_hi ) 0 deg’} ! Angles

mk_sPuff_x ! x-Koordinate s-schlagpuffer marker.ang ( 2, M_Tsys_tLager_hi ) 0 dea 1 ! aAngles

mk_sPuff_y ! y-Koordinate 5-schlagpuffer marker.ang ( 3, _Isys_Lager_hi ) = {180 deg } ! Angles

mk_spuff_z ! z-koordinate s-sSchlagpuffer \
marker.type M_Isys_spuffer ) ! Type

\ marker. parent ( M_Isys_spuffer ) B_ISys ! rReference system

- marker. pos 1, M_Isys_spuffer ) _rx_spuffer ! position

RN RN R RN RN RN RN RN RN A marker . pos ( 2. M_Tsys_spuffer ) = S_ry_spuffer ! Positien

! Daten - Masse marker.pos ( 3, M_Isys_spuffer ) = S_rz_spuffer ! position

! Blattfeder-Gesamtmasse marker. type ( P N 50 ! Type

= 1 . | | = - '

T—EF 30.0 ! Masse des Gesamtmodells marker.parent ( SM_BFTr_PtP ) = SB_Isys ! Reference system

* Lager , marker.par ( 2, SM_BFTr_PtF ) = 2.0000000000000000E+000 ! [-] Point-to-point

m_L_vo 1.0e-6 ! Masse Lager vorne marker.par ( 3, SM_BFTr_PtP ) = $M_BFTr_vo ! [-]1 From-Marker

IX_L_vo 1.0e-6 ! I_X Lager vorne < m I v

Iy L_vo 1.0e-6 ! Iy Lager vorne

Iz_L_vo =1.0e-6 ' I_z Lager vorne

m_L_hi = 1.0e-6 ! Masse Lager hinten

Ix_L_hi 1.0e-6 ! I_x Lager hinten

Iy_L_hi = 1.0e- ! I_y Lager hinten

4 | I
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Leaf-Spring-Generator virtual@vehicle

_ _ *.spck *.fbi
Functionality 'S
LSG I
{xi hi, b}, E, G — ".fbi marker.
l prim.
joint.
body.flx. C a4, C,, d, — force.
Sensor.
0 )
subsvar.
|
N force > CSP ~ 1 7 {ZI’ CSPI}I — IfCtn
Ig1 E1 G1 CLAa d1 O

Flag _VK,...

May 19th 2011 ** Usermeeting 2011 — Gabor Miiller



Summary virtual@®vehicle

« Standardized and unique leaf spring modelling for the
different simulation phases
o ,Massless“-model — stiffness-based - basic layout

o ,Massless“-model — geometry-based - fine tuning leaf spring
geometry

o SIMBEAM-model = ride comfort simulation
o Good correlation with test-rig measurements

« Leaf-Spring-Generator
o Flexible parameterization for all model levels
o Steering-file in ASCII-format
o Automatized model generation

May 19th 2011 s (2 sermeeting 2011 — Gabor Miller



b)vehicle

Have a good time at SIMPACK Usermeeting 2011

Questions?

virtual @ vehicle

...bringing the parts together.

Gabor Miiller, Nicolas Geiger
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