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Problem statement

System

(Vehicle)

Subsystem

(Suspension system)

Component
(Leaf spring)






Experimental characterisation
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Experimental characteristics
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™ Shape of deflected Jeul spring
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Multi-leat sprlng vs. Parabolic leaf sprmg
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Leaf spring models

Front hanger
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Beam theory

Analytical/empirical models

Equivalent models

Discrete methods (or Finite segment method)
Finite element methods

Neural network models

Lumped mass spring models

Graphical techniques

Kinematic models



Elasto-plastic leaf spring model
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Mechanisms: materials vs. multi-leat springs
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(a) Vertical load 677kg (b) Vertical load 4105kg



Mechanical properties

k - stiffness of the solid beam,
kr - stiffness of the layered beam during loading,
kur - stiffness of the layered beam during unloading,
Iy - yield fraction
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EPLS model formulation

Force-displacement response Force-displacement response

Model (IMonotonic loading) (Monotome-bidirectional loading)
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Validation results
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EPLS model conclusions

* Parameterisation

* Accurate

* Applied to parabolic leaf spring

* Application to simply supported leaf spring



Method to account for loaded length changes
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Multi-leaf spring Parabolic leaf spring
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Neural networks




Artificial neural networks
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Creating ANN

* Find the relevant inputs

* Collect data necessary for training and testing of the
neural network

e Training of the network

* Find appropriate complexity of the network (i.e. number
of layers, number of neurons)

* Assess generalization ability of neural network
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Ability to generalise
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Importance of inputs
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Importance of inputs
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Effect of inputs on generalisation
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Multi-leaf spring suspension system model

-

auspension system

HlIITS\,'HtUH]H _/ In-service setup

) Spring only setup

o

Component

. Elasto-plastic leaf
{Multi-leaf spring) p

spring model




Acluator

Looad cell

Axle seat
Multy-leal spring

Rear Gl :
Front 6¢le

e Aclzslor

e Lo el

e Pl wond

.F's_‘
L |
r:___‘___—-
g —l
S il —— A, ;
F:'ﬂ e B 'Fl‘:
_,_.:ﬂi-?‘" ~L | I
i. - :IFI : vh:“:_;-tl IF
l I~ | I 3
Inderince (o
hangore
Inferface bo axle 3
gtk /E%_‘
‘Tranlational -
joind



---1.-----I-trr----

2000 S0 =0 200 (LR L LI 16020

s

= hasarad
====hilodeil
=== hodel2

Force [M]
E ¥

] vt acim [ i e i i1 A 1
'\|r||:|"' "u"EI'h:ﬂ
: i [
=1
3
1 i 5 L i i a
H] et - ] L H ) [ H] L= [ LHH- ] = aimd L H EH TE)ite
Data points
Aboid ¥
= = e T e i et e e
o I

L] ol LR A L mon R LH (R RIH i LY

:l.:-:il A LR aLE L P ) PR F e
Data points

ma aazh B 5

Longitidingl

haien o d oo L ot 22 L

LR 20 1E00 L

e Wt 1
- - - Model2

BRI

B30 U0Ed KD WOSh 800
Vericsl

W0 WOoD 200 eE 1eED

S35
(!
n 200 4l Bl
e T
H]
-5
a0
_\!' i -
i 320 (I Edys

4 . - -
e BICH 123000 AEHLH ]

Data points



Verification & Validation
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Validation metric based on relative error
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Validation metric based on relative error

* Periodic signals around zero

* Representation of agreement/disagreement
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Conclusions
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Recommendations

Experimental characterisation

* 6clc applied force’s orientation as well as its point of application.

» force-displacement characteristics continuous loaded length change
of the leaf spring

EPLS mode

 Ramberg-Osgood formulation
* Investigate alternative methods for handling the friction.
* Visualization of slip planes

e Theoretical stiffness of leaf springs



Recommendations

Neural network model

* inputs effectontraining data required

Quantitative validation metric

 The m%RE validation metric should be extended to quantify model and
experimental measurement uncertainties.

e quantify the tendency of the model to over-or under predict should be investigated
and incorporated into the m%RE



Questions/Comments
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