EXPERIMENT FOR TYRE VERTICAL FORCES ESTIMATION
ON THE ACCELERATED LOADING FACILITY EQUIPMENT
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Abstract

In this paper, an experiment for vehicle forcesnestion is presented. The purpose of this
experiment is to provide understanding and valitator future experiments on a heavy duty

vehicle. The main points discussed in this pap&cem the study of evaluating the wheel

vehicle forces using either suspension air cushpessure sensor or suspension deflection
measuring. The identification of parameters offreéi$s and damping of the suspension and
the use of an exact differentiator based on sligimagle theory to assess the vertical wheel
force are presented. Strain gauges are used asmedemeasurements. The validation tests
were carried out on an instrumented test bench wiéels rolling at various speeds and road
longitudinal profiles.
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1. Introduction

Heavy duty vehicle, while rolling, apply importashgnamic wheel loads on the pavement due
to road infrastructure and load transfers comimamfrdriving maneuvers. These dynamic
loads can cause damage for the pavement and bs&otinee of dangerous accidents. It is
therefore important to quantify the magnitude adsih forces and stabilize them in order to
enhance the security of the vehicle.

Multiple studies are made for evaluation of thetieat forces, we can cite among them
methods based on direct instrumentation and measuraf contact forces like using strain
gauges on the axles and wheel hubs or the usdasktasensor (Blanksbgt al., 2008) to
measure dynamically the tyre deflection and dedbeeapplying dynamic load. We can also
cite (Tuononen, 2009) also used a laser sensornstioigsin optically measuring carcass
displacement of the tyre using a particular opteahsor installed on the tyre rim. These
techniques involve complex installation and caliloraof the sensor and often require using a
test bench.

Other additional researches suggest introducingraotheory tools to estimate the contact

forces based on more usual and easy to installbsen¥hese methods are based on the
modelling of the dynamics of the vehicle in order @valuate the contact forces using

estimation algorithms. We can cite (Siegrist, 2008 uses a method based on Kalman filter
to estimate the contact forces in an off-highwaping truck. We can also cite the studies of

(Khemoudjet al., 2010a) and (Khemouej al., 2010b) who uses some estimation algorithms
based on sliding mode thoery for heavy vehiclettratrailer model.

The experiment in this paper aims to provide sooreparison between a method based on
estimation algorithm using a suspension deflectensor and another using the air pressure
of suspension cushions, both methods are compartdtetreference measurmeent provided
by strain gauges.

This paper is divided into four main sections. he first section, we describe the test bench
and the used instrumentation. In the second seatierpresent the used model for the wheels
dynamics modelling. In the third section, we présbe developed estimation technique and
present and discuss in the fourth section the expetal results. We finally conclude with
some perspectives in the last section.

2. Testbench description ans instrumentation

The experiment is conducted in partnership withAbstralian Road Research Board. It uses
the Accelerated Loading Facility equipment. The Adifulates heavy vehicle rolling wheels

through a loaded half axle with dual or single syr&éhe loading wheels are driven in one
direction to replicate a real trafficking of a hgaduty vehicle. The Figures 1 and 2 show
views of the equipment.

To proceed to the experiment, number of sensormsataled on the ALF, these sensors are:
« strain gauges on the axle for getting a refereneasurement on the vertical forces.

« suspension deflection sensors LVDT to measuredfiection of suspension.

* pressure sensors mounted to measure the pregsheesair suspension cushions.

* accelerometers to measure the wheels hop actietera
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Figure 2- Tandem on ALF

Due to unavailability, there is no use of extra aylometric wheel during this experiment.
The setup of the different sensors are shown inrEg3 to 6. The gauges are placed near to
the wheel hub. They can measure the deformationt@lséear force and hence the vertical
force. This method provides a baseline measurenterdvaluate later the estimation of

vertical forces.
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Figure 3- Air cushions suspension similar to HDV

Figure 6- Strain gauges on wheel axle
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3. Rolling semi-axle model

As described above, the test bench contains twaetas. Each is equivalent to a half axle.

Let us noteF, the vertical force,F, the suspension forceq,the vertical accelereation,
m, the wheel massz, is the longitudinal road profile ani, is tyre stiffness. The vertical
dynamics of the wheel yields to the equation:

m,z, =F +K(z,-2) (1)
The vertical force is then given by:

F,=K(z,- %) 2)

The aim is to estimate the vertical fordesand compare the estimated forces to the reference
strain gauges measurments.

4. Vertical forces on wheel estimation

There are two ways to evaluate the suspension fByceither from pressure measurements
or from measurements of deflection. This experinematuates the performance of both types
of measurements in terms of the resuting estimegetical force F,. The first method is to
assume a proportionality between the suspensiare fand the pressure at the air cushion.
This technique is also used in the so-called omébstatic weighing, in evaluating the carried
load of heavy duty vehicles. The second methodaseth on the use of the suspension
deflection and some estimation algorithms. The step will be to identify the suspension
parameters in terms of stiffness and damping.

4.1 ldentification of suspension parameters

The first method used to evaluate the verticaldascbased on the air pressure sensors, we
assume that the suspension forEg is proportional to the pressure measured at the ai

cushions.
F,=K,P 3)

Where K is the coefficient of proportionnality an&is the pressure in the suspension

cushions. To calculate the coefficient of proparélity, a number of measurements are made
statically. These static tests consists in meaguttie total vertical forces under the wheel
while not rolling. To the measured total force ishsacted the unsprung weight which
includes the weight of the wheels, levers, air aush and shock absorbers. We find a gain
K, =817N/psi .
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The second method allows the calculation of vdrticaces by the use of suspension
deflection. In this case, the suspension forcevisrgby:

Fs = sts + Csds + Fs,static (4)

Where d, is the measured deflectiod, is the deflection variation velocity (derivative thfe
deflection), F, ;. is the static suspension forces when wheel isroibhg, K, and C_are

respectively the unknown siffness and damping cefits of the suspension we need to
identify.

The stiffness coefficienK, can be calculated from stactic tests. It is oletifrom the slope

defining the variation of suspension force relativéhe suspension deflection mesured by the
LVDT. Note that the LVDT measures the distance leetvthe chassis and suspension arms,
we use two separate tests to evaluate the stiffness

To evaluate the damping coefficient, we rely onyaainical test and a graphical method.
Knowing that the suspension system can be consideye& damped second order system, we

S

first evaluates the natural frequenay, =

where K, is the stiffness previously

S

calculated andM _ the sprung mass. Then, from dynamic tests, weuate@the pseudo-period
noted T, which is the time-distance between two succegseaks of a damped response as
shown in Figure 7.

Air cushion pressure [Psi]

35 Wheels off the ground Wheels off the ground

218 220 22 224 226

Time [sec.]

Figure 7- Graphical determination of damping catft
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. 2
From the pseudo-perict, ,we can calculate the pseudo-frequenqy:T—n.
p

The next step is then to calculate damping ratisom the formulaw, :a)m/l—Zz and
finally the damping coefficient of the suspensigrstem is given by:C, =2¢ /K M. .
According to the dynamic tests, we fi@] =6102IN/ms.

4.2 Determination of vertical forces at wheel

To estimate vertical forces, we need to evaluatepdrt due to the damping. To do so, we
introduce the exact differentiator which allowsestimate the suspension deflection velocity
from the measured delection provided by the LVDHe Tobust differentiator is based on the
sliding mode theory (Davila, 2006) and is given by:

&S =Z+d, Esign(t’:lvs) (5)
Z= asign(cTs)

with d_ the estimation errord, =d, —d_, d_the estimate ofd, and d_the estimate of..
a and A are the observer gains. Given that the suspewgfaction is bounded, there exists

values for @ and A such that the observer err@=d,—d, tends to O in finite time
t, (Saadaoui, 2006). Sufficient conditions for comegrce of the differentiator are given on
gainsa and A . These gains are tuned such that:

a>o (6)

A> (a+a),/rza @)

o is an upper bound for the second derivativel ot o = max{ds}.

and

With the correct tuning of the gains, the differatdr converges in finite time, moreover, the
advantage to use this differentiator than otherggiEapproximation for example) is that the
exact differentiator is robust to noise and dodscneate discrepancy between the real and the
estimated derivatives.
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5. Experimental results

The ALF device is remotely controlled using a sesystem by choosing a reference velocity.
The latter is reached after 6 to 7 successive pgssBeveral tests were performed. Each test
consists of a number of passings along a 12-m#tmk. For a passage to go, the wheels are
in contact to the ground and for a back passagewtteels are off the ground.

Wood boards are placed 5 meters from the startoigt @f the wheels on the track. Two
dimensions were used, a first board of dimensiox226Wwidth x height) and a second of
dimension 140mm x 18mm.

In this section, we compare the results of themstaction of impact forces to the reference
measurements from strain gauges. We recall thadtia¢ wheels on the device ALF are
limited to a straight line movement, no yaw dynanare involved. The use of gauges
provides an information about the shape of the aminforces. We call “reference” the
measurement given by the gauges to distinguisbm the estimated forces.

Note that the goal is not to exactly matble estimated forces on the reference given by the
strain gauges as the gauges also provide measuremers in regards to the real contact
forces. The most reliable validation tool remaihs use of dynamometric wheels which
provide the closest measurement to the real foatges.

From the Figures 8 to 11, we observe that the shapémpact forces from the model and
those given by the reference (measurement of sgauges) are close to each other. The
presence of a disturbance on the track allows tdeethe vertical dynamic load. From the use
of deviation histogramms, we note that the vertioates used from the APT sensors remain
closer the reference (deviations between 0 to 10f4) the estimated forces from LVDT
(deviations between 0 to 20%). Compared to the LYIWE forces obtained by using the
pressure sensor have better similarity with theresfce. By assuming that the strain gauges
are closer to real forces at low speeds and int din@, the APT are in this case more
convenient, nevertheless; some addition tests gimehispeeds and in a vehicle will allow to
provide more understanding and a deeper comparibemveen the estimations and
mesurement methods.
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Figure 8 — Estimation based on LVDT and differetiotia- passing No.1
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Figure 9 - Estimation based on APT — passing No.1
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Figure 10 — Estimation based on LVDT and exaceddftiator — passing No.2
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Figure 11 — Estimation based on APT — passing No.2
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6. Conclusion

In this paper, an experiment on the acceleratedingafacility is presented. The aim is to
provide some preliminary tests to get a better tstdading on the sensors and methods to
use for the estimation of the vertical contact ésrin heavy vehicles. Air pressure sensors and
LVDT were both used to reconstruct the verticatés which are compared to the reference
forces provided by the strain gauges installed lwn wheel hubs. The parameters of the
suspension are identified using a graphical appread the obtained shapes of the forces are
quite similar. The shape of the forces issued fthm air pressure sensor are closer to the
reference than those provided by the LVDT in tlasec(low speed and straight line rolling).

It is however expected that the LVDT react fadt@ntthe air pressure sensors and the vertical
forces can be better estimated in important loadsfiers in the vehicle. This can be more
deeply investigated by testing on a complete vehicl
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