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Introduction

= Application area: Cars, Trucks, Ralil

= Aspects of use of Leaf Springs:

1 - Behavior depends on environment (moistness, sand)
(1 + Integrated suspension approach: Maintenance
® Vertical & in-plane

® Spring & damper
= Still heavily used In special area’s:
1 High reliability
(1 Cost efficient

R
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s Problems in modeling leaf springs:

[ Stiffness, Damping (friction or hysteresis) depend on:

amplitude & frequency of

force & deflection

1 Geometry variation during jounce/rebound

= Methods for modeling (see tire modeling):
1 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

1 Mathematical :

Introduction

® TH Darmstadt: goniometric kinematics 1
A,
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= Modeling method applied:

1 UMTRI: Univ. of Michigan Transport Research Institute
® SAE 800905 1980, still best documented emirical model
® Proof: 1995 OECD DIVINE Element 4.

Simulation of Heavy vehicle dynamic wheel loads:

1 Combined with geometry of rigid leafspring

Introduction

Hybrid: UMTRI + Math (geometry)

 UMTRI spring +/- 95 % accurate
e Better than complex models

* \Winner ran real time models !
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Leaf Spring Model Description
= Rigid Parts: 2 Chains, 1 Spring

ADAMS/Rail UC 1999

= Joint connection topology:

0 Z
0 XY

[1 Total 2-axled car: 19 Parts & 18 DOF

= Force connection topology:

1 Z

Model Description

Spring Tr Axlebox Rv Axle

Chassis Hk Chain Sp Spring Sp Chain HK Chassis

Spring bending

Spring Gfo Axlebox
1 XY Chains & Box guides Chassis Gfo Axlebox
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Leaf Spring Topology Layout

ADAMS/Rail UC 1999

| LEARSPRING

= DOUBLE CHAIN

\BRAKE PIN

BRAKEFEAME

TAXLEBROX

Model Description
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Leaf Spring Topology Layout
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= Goal: Describe energy dissipated in one cycle using:

0K,
0 C

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

Effective spring rate

Average coulomb damping

F e

2

]

=T ——rrm

-

Model Description
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s Method must describe:

] Decrease of K, at increasing amplitude o

(1 Increase of Cf atincreasing amplitude 6

= Base Formula: F =F_ ,+ F

Model Description

transient
= |:env t (Fi-l B |:env) e10-0i-1lB
current and previous force
force envelope:
FtF.for >0 and F,-F, for 06<0
current and previous deflection

envelope approach factor:
B, for >0 and [3,for 0<0

R
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Spline data for force envelopes

Spline data for Vertical Leafspring Characteristics

1.5E+05

#= — Stiffness | | : : Z ! _..;;xx.x}
T 7 & — Coulomb |77 777777777 oottt LT [ T_ZZ);}Z T
----Upper | i 1 i ‘J__"L{K -li,.-“".I
! i - e
.
v
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General Implementation

= Problem: What is X . ; in ADAMS ?
1 Variable step, Stiff integration etc.

[l --> Approximate F,; and ¢, using diff. EQ’s
= Definition of F , F,: e

-auis spaled © dylbate=0) = 10

] Splines as function of &
] Stepb transfer in-out

v s doyichs

= Definition of g, , B, :

] 1St Order polynomlals P D ........... .......... :2%235 T et

| Ttt-Step dyhdx

1 Step5 transfer in-out
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UMTRI Model vs. Viscous

I N T E.BR. N A T L O N-A L

S

e o e
rx»e-\’,nq;‘*;%x%eﬁ?%‘__vp

- S o
=SS =

LUMTRI Spring vs. equivalent spring S damper model

25E+05

M ewton

18756+054 - - - - 2o ..:.. .....:...... oL

gesono b - - - -

—LIMTRI
| = Wiscous|

ul]
0.0

10

&0 30 40

M ewton

LIMT R

2OE+05

BEEI0OT - - - e - - -

Spring vs. equivalent spring f damper model

[ —owTRI] ¢+

1_3?'55,,_&5_......f......i......:.....f.......:......;.

General Impl.
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= Implementation aspect:

1 Coulomb force must be zero in initialization phase

= Full model <« Viscous model:
1 F=F,,+F, = F F

] Switch to viscous model with same parameters

Stiffness ' damping

] Purpose:
® Model speedup & concept testing

® Predictable linear analysis

General Impl. Page - 14 - £ Mechanical
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Bonus: sticky behavior at small amp.

TE.R N A T L O N-A L

F4000.0

Leafspring Force Falling car at almost steady state

?mm_n_...........................

rewhon

e« S

BEOO0.0 - - Yoo ook

‘ —ViscouT

- - UMTR

B7000.0
0.0s

0.0506

0.0543

o059

00825

General Impl.
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XY-Plane Force Implementation

s Model is able to describe in-Plane data for:

[l Stiffness at increasing o, ,:
=» Gravity effect of chains: pendulum geometry
—> K, higher (double) at contact chain part to chassis:
= spline data N1 (Oy) F,=F,, and n,(90,,) F,=F,
—p Full stop at contact axle box to chassis:
= spline data N ( 6x,y) F,=F,, and n,( 6x,y ) F=F,,
) Damping at increasing o, ,;:
-» Friction between chain parts:
= spline data b, (0ky) F=F,0 and ¢,(0, ) F=Fy,
- Friction at contact box to chassis:
= spline data ¢, (0,y) F,=F,, and ¢,(9d,) F,=F,,

XY Force Impl. Page - 16- | |£%
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Using the (linear) model to fit data

10000 T T T T T T r
: : : : § : =T
I - ' I /A I Pty
| | ==-=Empty: Cz=41e3Nmideg [ _a':'___l __________ [ - T
| ——Ful  :Cz=1B8e4Nmide i el
: i i 4 r
i A AR Pttt Pt ;L"'Tfr """ ,/";/ """" [
1 i{f : - ,’/ 1
: : : 4! re : :
T
I ' f.7%7 .-""/
% : : : - .: rad : : :
c on i 7 T ‘.,"" [ T
% s s P4 s
1 1 1 / 1 | 1 1
----------- N . o 28 SO S S
- F !
. -~ /s . . .
1 - f,../ 1 ff 1 I : :
5:::::13—-——————————L————————_?-!"':f—._;«-'—“———————lf ————— f}————:———————————l— ————————————————————————————————
e h : : :
__________ o2l W N AN NSNS SR S
e S/ I I
o ! g}"! . .
ff'_-,. 1 1 1 1 | 1 1
omp | : . ; ' : :
0.25 0125 a.no 0425 .25
deq
XY Force Impl. Pge - 17 - | [& Afnecnanical

Dynamics



ADANMS

= Parameter Fz_Model: user switch for:
1 Low_Only:

1 High_Only:

[ Full_Load:

= Loss of T, must be compensated for

1 1 Force at center replaces 2 forces at spring ends

] Extra Torque due to shift of lateral forces: Tz = A (y,)
= ( By front = Oy,rear) | Lspr
= Naa(Lep V) + Moo (Lgy Y,)

where

XY Force Impl.

Yz
A (Y,)

Use data for low F, load splines
Use data for high Fz load splines

Interpolate between splines for F,, and F,,;

ADAMS/Rail UC 1999
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GUI Implementation

s UDE’s: seamless expansion of functionality

= User defined Data types:

(1 Z Data Vertical spring data definition
1 Z Force Vertical spring equations
® In Z Data, IJR_Mar, Type
®* Out F, = ®(Eps,, Vel)
1 XY_Data In-plane spring data definition
1 XY_Force In-plane spring equations
® In Z Force, XY_Data, IJR_Mar, Type, Fz_Model

® OQOut FX’y =®(F,, Epsxiy, VeIX,y)

GUI Implementation Pge - 19- | |[&% A
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ADAMS Native GUI: Defining Z-Data

File Edit ¥iew Build Simulate Review Settings Tools <SayField> <Local Macros=
= Modify UMIRI Z_Data

freight_car
Data Name [-freight_car.UMTRI_Z_Data_1
Comment |n typical UMTRI Z Data Structure
Spline Editor STIF SPL = |
=.j Modify spiine ...
Mame [.freight_car.UMTRI_Z Data 1.STIF_SPL Upper Curve
Type y=f(x) (2D) I Approach |1 0E-03
Spline: freight_car UMTRI_Z_Data_1.571F_SFL View as  Plot — | | roach Gradient |1 -0E-03
1 402EEHE - T - T -
: i : i ] Initial Force I(l].l](N])
: : : : ' (-1 (M AT v viscous [(1.0E-02(misec))
BEE0D D
= dETED D M Symbols
ok | apply | Cancel
W Memory Curves
. I Spline Curves
[ f
! 1 Slope Curves
_1 Extrapolation Tails
-4BTED D t : : ;
-0 DE3E [} 0 033E 0e7 0100k
X
Humber of Points I?l]
I _Spline Type Akima =] I
= ok | apply | cancel |
I DEBUG -
2 rast &l i|®

<1
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ADAMS Native GUI: Defining XY-Force

IEiIe Edit View Build Simulate Review Settings Tools <SayField> <Log

e : Help
lerear —=| Create UMIRI XY Force
Spring Name |.freighticar.UMTRI7XY7F0m971
Data Hame |.freight_car.UMTRl_X’f_DataJ
Fz Hame I.freight_l:ar.UMTRI_Z_Fun:E_1
1 Marker |.freight_car.Brake_Fme_Rear.Ref_Leftam-l
< Marker |.freight_l:ar.Spring_RZ.Ref_Shape
R Marker |.freight_car.Brake_Frame_Rear.cm
Type Viscous = |
Fz Model High_Only =]
T T
=..i Modify UMTBE XY Data
- oK | Apply | Close |
T T
Data Hame |.freigm7car.UMTR |_X¥ Data 1 .=..i Moadify spline ..
Cupenl [ A typical UMTRI XY Data Structure Mame [freight_car.UMTRI_XY_Data_1.STIF_Y_ZHI
Type =F = 2D = |
Spline Editor STIF_¥_ZHI = ot y=re<) (D)
View as Plot =
o Sphn. fegiE_car UMTALXT_Ootn_1 STIF, T _ZHT
Approach |1 .0E-03 W Linear extrapolation
Low Fz Force |(2.25E+D4N) High Fz Force |(1 DSE+D3H)
V Limit |(1 -DE-DZ(mfsec)) V VISCOUS I(l -0E-D3(mfsec))
-y W Symbols
. o Memory Curves
TAU Constant I(1l]l]l].l](1!sec)) Length Spring |1-lJE-'J3 " .
' W Spline Curves
-1 Slope Curves
i oK | __apply | _ Cancel | -
oK | aApply | cancel |
’l -1 DEBUG

2 | anl

GUI Implementation
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= Component data storage Method:

N components - 1 data structure

Special Component Data UDE’s

Data Libraries: Global - Local

Automated Unit Conversion

Data export/import uses standard ADAMS functionality

O O o o o o

Spline Data stored as Design Variables

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

GUI Implementation Pge - 22- | |&% A
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Format of Assembly Data Files

F

| SData Name: T=&11

f

.r E o £ L L
f Dats type S e e e

! Created by ;s CO.F. Verheul, Iinfoé@sayfield.nl

f Date s Q1I-04-1999

f

_f e — — ——————— — —————————————— ———— — — — — — — — ——— —
T

var mod var = $Data_Name.time s string = "Becond"

var mod wvar = Data Name. length s string = "Meter"

var mod var = $Data Name.force s string = "Newton'

var mod wvar = Data Name.commsnt string = " & tvypical HY Data 2tructure"

I

var mod var = $Data Name.BETA real = 1.0E-03

var mod wvar = Data_Name.TaU real = (lo00.0(1/fsex))

var mod var = 5$Data Name.lL Spring real = 1.0E-03

r

I

var mod wvar = $Data Name.COUL ¥ ZLO xs &
real = =-2.7E-0E2,-2.3E-0:Z,0.0,2.3E-02,2.7E-0DZ

r

var mod wvar = Data Name.COUL ¥ ZLO vs &
real = -1.0E+04,-1000.0,0.0,0.0,0.0,1000.0,1.0E+04d

r

f s==sss=ssss=sss==s===== FEpd of data filg =s=sss==ss===s====s=======

I

GUI Implementation A
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= Advised component parameter determination:

1 First Stiffness and damping in Z-direction
(1 Verify in-plane stiffness due to geometry at 2 loads

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

= Component parameters unique: Library

= Described implementation optimal for:

Conclusions
» Best Practice model for full-vehicles (10-100 springs)

Calculation speed

[

1 Flexibility in use
1 Model readability
[

Automated use (A/Rall, .., A/Anything)

= UDE’s extremely powerful for new functionality

Conclusions

ADAMS/Rail UC 1999
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