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■ Leaf Spring Model Description

■ General Implementation

■ XY- Plane Force Implementation
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,QWURGXFWLRQ

■ Application area: Cars, Trucks, Rail

■ Aspects of use of Leaf Springs:
◆ -  Behavior depends on environment (moistness, sand)

◆ + Integrated suspension approach: Maintenance

Vertical & in-plane

Spring & damper

■ Still heavily used in special area’s:
◆ High reliability

◆ Cost efficient

,QWURGXFWLRQ
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■ Problems in modeling leaf springs:
◆ Stiffness, Damping (friction or hysteresis) depend on:

amplitude & frequency    of     force & deflection

◆ Geometry variation during jounce/rebound

■ Methods for modeling (see tire modeling):
◆ Physical (FEM):

-- Large amount of parts and equ’s --> long simulations

+  Much physical insight

◆ Empirical:

- No geometrical non-linearity: i.e. roll center

+ Easily fitted to purpose and complexity

+ Method is based on measurements results

◆ 0DWKHPDWLFDO :

 TH Darmstadt: goniometric kinematics

,QWURGXFWLRQ
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■ Modeling method applied:

H\EULG���8075,���0DWK��JHRPHWU\�

◆ UMTRI: Univ. of Michigan Transport Research Institute

SAE 800905   1980, still best documented emirical model

Proof: 1995 OECD DIVINE Element 4:

6LPXODWLRQ�RI�+HDY\�YHKLFOH�G\QDPLF�ZKHHO�ORDGV:

• UMTRI spring +/- 95 % accurate

• Better than complex models

• Winner ran real time models !!

◆ Combined with geometry of ULJLG leafspring

,QWURGXFWLRQ
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/HDI�6SULQJ�0RGHO�'HVFULSWLRQ
■ Rigid Parts: 2 Chains, 1 Spring

■ Joint connection topology:
◆ = 6SULQJ  Tr  $[OHER[�Rv $[OH

◆ ;< &KDVVLV  HkHk  &KDLQ  Sp  6SULQJ  Sp  &KDLQ  Hk  &KDVVLV

◆ Total 2-axled car: 19 Parts  &  18 DOF

■ Force connection topology:
◆ Z       Spring bending 6SULQJ    Gfo   $[OHER[

◆ XY    Chains & Box guides &KDVVLV� Gfo  $[OHER[

0RGHO�'HVFULSWLRQ
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■ Goal: Describe energy dissipated in one cycle using:
◆ Ke Effective spring rate

◆ Cf Average coulomb damping

■ Obtain data  a-s-a-p from Measurements

0RGHO�'HVFULSWLRQ
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■ Method must describe:
◆ Decrease of Ke   at increasing amplitude δ

◆ Increase   of Cf   at increasing amplitude δ

■ Base Formula: F = Fenv +      Ftransient

= Fenv + (Fi-1 - Fenv) e-|δ - δ i-1|/β

F, Fi-1 current and previous force

Fenv force envelope:

FK+Fc for  δ>0   and  Fk-Fc for δ<0

δ, δ 
i-1 current and previous deflection

β envelope approach factor:

βu for δ>0  and βl for δ<0

0RGHO�'HVFULSWLRQ
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■ Problem: What is X i-1 in ADAMS ?
◆ Variable step, Stiff integration etc.

◆ --> Approximate Fi-1 and δI-1 using diff. Eq’s

■ Definition of Fk , Fc :
◆ Splines as function of  δ

◆ Step5 transfer in-out

■ Definition of βu , βl :
◆ 1st order polynomials

◆ Step5 transfer in-out

*HQHUDO�,PSOHPHQWDWLRQ

*HQHUDO�,PSO�



$'$06�5DLO�8&������

Page     -  13  -*HQHUDO�,PSO�



$'$06�5DLO�8&������

Page     -  14  -

■ Implementation aspect:
◆ Coulomb force must be zero in initialization phase

■  Full model   ↔  Viscous_model:

◆ F = Fenv + Ftr    =  FStiffness Fdamping

◆ Switch to viscous model with same parameters

◆ Purpose:

Model speedup & concept testing

3UHGLFWDEOH linear analysis

*HQHUDO�,PSO�



$'$06�5DLO�8&������

Page     -  15  -

VWLFN\

*HQHUDO�,PSO�
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;<�3ODQH�)RUFH�,PSOHPHQWDWLRQ

■ Model is able to describe in-Plane data for:
◆ Stiffness at increasing δx,y:

Gravity effect of chains: pendulum geometry

      Kx,y higher (double) at contact chain part to chassis:

    Ø�spline data             η1 ��δ[�\����Fz=Fzlo����and  ��η2 ��δ[�\�����Fz=�Fzhi

              Full stop at contact axle box to chassis:

��������������Ø�spline data     η1 ��δ[�\����Fz=Fzlo����and  ��η2 ��δ[�\�����Fz=�Fzhi

◆ Damping at increasing δ x,y:

 Friction between chain parts:

       Ø spline data                 ϕ1 ��δ[�\����Fz=Fzlo����and  ��ϕ2 ��δ[�\�����Fz=�Fzhi

             Friction at contact box to chassis:

                    Ø spline data    ϕ1 ��δ[�\����Fz=Fzlo����and  ��ϕ2 ��δ[�\�����Fz=�Fzhi

;<�)RUFH�,PSO�
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■ Parameter Fz_Model: user switch for:
◆ Low_Only: Use data for low Fz load splines

◆ High_Only: Use data for high Fz load splines

◆ Full_Load: Interpolate between splines for Fzlo and Fzhi

■ Loss of Tz must be compensated for
◆ 1 Force at center replaces 2 forces at spring ends

◆ Extra Torque due to shift of lateral forces: Tz = Λ (γz)

where γz =  ( δ\�IURQW����δ\�UHDU�����/spr

�Λ (γz) =   η 1,2 ��/spr�γz�������Π 1,2 ��/spr�γz��

;<�)RUFH�,PSO�
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■ UDE’s: seamless expansion of functionality

■ User defined Data types:
◆ Z_Data Vertical spring data definition

◆ Z_Force Vertical spring equations

In Z_Data, IJR_Mar, Type

Out Fz   =   Φ (Epsz , Velz)

◆ XY_Data In-plane spring data definition

◆ XY_Force In-plane spring equations

In Z_Force, XY_Data, IJR_Mar, Type, Fz_Model

Out Fx,y = Φ (Fz , Epsx,y , Velx,y)

*8,�,PSOHPHQWDWLRQ

*8,�,PSOHPHQWDWLRQ
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$'$06�1DWLYH�*8,��'HILQLQJ�=�'DWD
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■ Component data storage Method:
◆ N components - 1 data structure

◆ Special &RPSRQHQW�'DWD UDE’s

◆ Data Libraries: Global - Local

◆ Automated Unit Conversion

◆ Data export/import uses standard ADAMS functionality

◆ Spline Data stored as Design Variables

■ UDE method will be used in development of A/Rail

*8,�,PSOHPHQWDWLRQ
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)RUPDW�RI�$VVHPEO\�'DWD�)LOHV
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&RQFOXVLRQV
■ %HVW�3UDFWLFH model for full-vehicles (10-100 springs)

■ Advised component parameter determination:
◆ First Stiffness and damping in Z-direction

◆ Verify in-plane stiffness due to geometry at 2 loads

◆ Measure extra in-plane stiffness and damping due to stops

■ Component parameters unique: Library

■ Described implementation optimal for:
◆ Calculation speed

◆ Flexibility in use

◆ Model readability

◆ Automated use (A/Rail, ..,  A/Anything)

■ UDE’s extremely powerful for new functionality
&RQFOXVLRQV


