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ABSTRACT

Multi-criterion optimization is so far popular fenany complex engineering problems. The objectivaative
anti-roll bar of heavy vehicles is to maximize rsthbility to prevent rollover in dangerous caséswever, such

a performance objective must be balanced with tleggy consumption of the anti-roll bar system, Whi not

a trivial task. In a previous work, the authorspgweed an H active anti-roll bar controller for which the
weighting functions were chosen by trials and ermuring the design step. In this paper, GenetgoAihms
(GAs) are proposed to find optimal weighting funas for the H control synthesis. Such a general procedure is
applied to the case of active anti-roll bar confroheavy vehicles. Thanks to GAs, the conflictolgectives
between roll stability and torques generated arellea using one high level parameter only. The irzuiterion
optimization solution is illustrated via the Pardtontier. Simulations, performed in the frequeranyd time
domains, emphasize the efficiency of the proposethod.

Keywords: H.. control, Genetic Algorithms, Heavy vehicle, Actiaati-roll bar control, Rollover, Roll stability.

1. INTRODUCTION
1.1 Context

Rollover of heavy vehicle is an important road saferoblem world-wide.
Although rollovers are relatively rare events, tlaeg usually deadly accidents when
they occur. Moreover, the roll stability loss i®tmain cause of traffic accidents in
which heavy vehicles are involved. In order to ioyw the roll stability, several
schemes with possible active intervention into tkaicle dynamics were proposed.
One of them employs active anti-roll bars, thatigair of hydraulic actuators which
generates a stabilizing moment to counter baldme@terturning moment [17].

On the other hand, the.Htontrol design approach is an efficient tool foproving
the performance of a closed-loop system in preageffrequency ranges. The key step
of the H, control design is the selection of weighting fuoics. In many applications,
the difficulty in choosing these functions stilcheases as performance specification is
not accurately defined i.e., it is simply to acl@ethe best possible performance
(optimal design) or to achieve an optimally joimprovement of more than one
objective (multi-objectives design). So the weigbtfunctions optimization to satisfy



the desired performances is still an open probRetently, Genetic Algorithms were
used in [1] and [10], their formulation well suitéat this type of problematic [4].

1.2 Related works

Some of the control methods applied to active aoitibar control on heavy vehicle
are briefly recalled below:

a- Optimal control: Sampson et al [12], [13], [14] proposed a statediback
controller which was designed by finding an optinsahtroller based on a linear
quadratic regulator (LQR) for single unit and artated heavy vehicles.

The LQR was also applied to an integrated moddudiceg an electronic servo-
valve hydraulic damper model and a yaw-roll modehingle unit heavy vehicle.
The input current of the electronic servo-valvéhis input control signal [17].

b- Neural network control: A reinforcement learning algorithm using neural
networks was used to improve the roll stability &single unit heavy vehicle [2].

c- Robust control (LPV): Gaspar et al [5], [6], [7] applied Linear Paramete
Varying techniques to control active anti-roll ba@mbined with active brakes on a
single unit heavy vehicle. The forward velocity wias varying parameter.

1.3 Paper contribution

Based on the Hactive anti-roll bar control presented by the authin [18], this
paper proposes the use of Genetic Algorithms tindedutomatically the weighting
functions. Hence the following contributions aredmght:

- The Genetic algorithms method is applied to defime weighting functions of the
H. robust controller for active anti-roll bar system the single unit heavy vehicle.
Thanks to GAs, the conflicting objectives betwela hormalized load transfers and
the generated torques are handled using a singieldéwel parameter only, denoted

- The simulation results in frequency and time domahow the normalized load
transfers at two axles when the tuning parametelevamoves from 0 to 1, compared
with the case of passive anti-roll bar and the Itesof [18]. In time domain, a
cornering manoeuvre is used for the heavy vehidie. forward velocity is considered
up to 160 km/h to evaluate the roll stability anddetermine the maximal velocity at
which the normalized load transfers and the geedratrques reach their limits.

The paper is organised as follows: Section 2 gavbsief introduction about multi-
objective optimization using GAs. Section 3 preséhe model of a single unit heavy
vehicle. Section 4 develops the, Hontrol synthesis to prevent rollover of heavy
vehicles. Section 5 illustrates how to use the @&Adefine the weighting functions of
the H, active anti-roll bar. Section 6 presents some Kitian results in frequency and
time domains. Finally, some conclusions are drawseiction 7.

2. GENETIC ALGORITHMS AND MULTI-CRITERION OPTIMIZATION
2.1 Genetic algorithms

GAs are now widely used since the first study ify [onfirmed by a popular
theory-oriented book [8] and an application-orienteook [3]. The algorithms are
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based on the natural selection mechanism and heereffroven to be very effective in
optimization in many real applications such as rit& and investment strategies,
robotics, engineering design, telecommunications. dhey are likely global
optimization techniques (despite the high compaoiteti expense) using probabilistic,
multi-points search, random combination (crossoveutation) and information of
previous iteration to evaluate and improve the jpefpan. A great advantage of GAs
compared with other searching methods (for exargpelient methods) is that they
search regardless of the nature of the objectimetions and constraints.

GAs initialize with a random population which eve$vthrough genetic operations:
selection crossoverandmutation By using a selection process, the fittest indiaid
based on their fitness values are chosen; crossmeemutation are then applied to
create the new population. The genetic operationndividuals continues until the
optimization criterion is satisfied or a certaimmaer of generations is reached.

Fitness functionThe fitness of an individual is used to choose ketw‘good” and
“bad” individuals. An individual with a high fitheshas a great chance to be selected.

Selection:This step is to sort and copy individuals by ordésatisfaction of the
fitness function. The higher the value of the f#seassociated to an individual, the
greater the individual's chances to be selectepatticipate in the next generation.
“Proportionate” [9] and “tournament” [11] select®are the most popular methods.

Crossover This main operation acting on the population afgmts is an exchange
of parts of chains between two selected individugdarents) to form two new
individuals (children). This exchange may be duleezito a single or multiple points.

Mutation: Mutation operates on a single individual by rantjoaihanging a part of
it. In the binary coding case, it is done by rewegne or more bits in a chromosome.

2.2 Multi-criterion optimization

One well-known application of the GAs is to finagetbptimal solution for the multi-
objective optimization problem involving multipleé conflicting objectives. This is a
very popular problem in practice and can be desdrés follows:

f(x)

: f2(X)
anDIé’IF(X)= : » Mo -2, (1)

fnobj (X)

wherex is called the decision vectdt, the set of possible decision vectors (or the
searching space), ai{x) the objective vector.

The existence of an ideal solutigh that can simultaneously minimize all objective
functionsfy, f2,.., fobj is in fact rarely feasible.

There are many formulations to solve the problem lide weighted min-max
method weighted global criterion methpdyoal programming methods [4] and
references therein. One of the most popular angblsirmpproaches is the weighted
sum method which converts the multi-objective peoblnto a single objective one. In
this paper, one uses a particular case of the welgbum method, where the multi-
objective functions vectdr is replaced by the convex combination of objestive



MNopy "obj

minJ => a, f(x), stxJCY a =1
i=1 i=1

The vector a =(a,,a,
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various sets ofr, one can generate several points in the Parefd]set

3. SINGLE UNIT HEAVY VEHICLE MODEL

oy, ) represents the gradient of functidn By using

Fig 1 illustrates the combined yaw-roll dynamicgte# vehicle modelled by a three-
body system, where 4ris the sprung mass, ymthe unsprung mass at the front
including the front wheels and axle, and the unsprung mass at the rear with the rear
wheels and axle. The model variables are giverainld'1 and the parameters in [5].

z

\

Fig. 1 Yaw-Roll model of single unit heavy vehi¢H.

Table 1: Variables of yaw-roll model.

Symbols Description Symbols Description

ms Sprung mass ot Steering angle
My:f Unsprung mass on the front axle Ci Tire cornering stiffness on the front axle
My Unsprung mass on the rear axle C Tire cornering stiffness on the rear axleg
m The total vehicle mass ks Suspension roll stiffness on the front axle
% Forward velocity k Suspension roll stiffness on the rear axle
Vi Components of the forward velocity br Suspension roll damping on the front axle

h Height of CG of sprung mass from roll axis by Suspension roll damping on the rear axle
hy; Height of CG of unsprung mass from groun kit Tire roll stiffness on the front axle

r Height of roll axis from ground Kir Tire roll stiffness on the rear axle

ay Lateral acceleration I xx Roll moment of inertia of sprung mass

b Side-slip angle at center of mass I, Yaw-roll product of inertial of sprung mass

v Heading angle l2 Yaw moment of inertia of sprung mass

,/3 Yaw rate I Length of the front axle from the CG

a Side slip angle I Length of the rear axle from the CG

Q Sprung mass roll angle lw Half of the vehicle width

A, Unsprung mass roll angle Ul Road adhesion coefficient




In the vehicle modelling, the differential equasonf motion of the yaw-roll
dynamics of the single unit vehicle, i.e. the latetynamics (3.1), the yaw moment
(3.2), the roll moment of the sprung mass (3.3, bl moment of the front (3.4) and
the rear (3.5) unsprung masses, are formalizdueieguations (3):

m(B+Y) - mhp= F+ F, e
Lot W =F ) (3.2)
(lxx +msh2);_ Ilei = msgm-'_ rnsvhb-'-lZ) - kr(¢_¢up - q&_ﬁu) + MARf+ Uf (3 3)

_kr(¢_%r)_b(L¢_%ur)+MARr+Ur
I, =m - h)(B+0) + M, 0@~ ket K@= 0) +b (@@ + My +U,  (3.4)
I, =m (- h)(B+) - m, oha - k@ + Ko-@)+ Ho-g)+ M+ U (3.5)

The lateral tire force&yr and Fy in the direction of velocity at the wheel ground
contact points are modelled by a linear stiffness a

F,=uC.a
{Fw = Cfa'f “)
yr =Hea
where the tyre side slip angles are given as:
a
I
a;, =-f+0, - ad
oV (5)
ar :_ﬁ+||‘_w
V

The moment of passive anti-roll bar impacts thepunsg and sprung masses at the
front and rear axles as follows [17], [18]:

tt, t
CAB gk A
2 @ pof’ 2 D

t,t t2
M ARr = 4kAOr?¢_ 4kAOrC_g qour
wherekaor , kaor are respectively the torsional stiffness of th&-esll bar at the
front and rear axlesa half the distance of the two suspensidasalf the distance of
the chassis antdthe length of the anti-roll bars’ arm.
Using the previous equation, the single unit heaatyicle can be represented by the
linear system in the state space form (7):

)D(:AX+ QV\H' al. (7)
y =CXx

M ARf = 4k AOf
(6)

with the state vectorx = [,8(/[/ @ é b, %] the disturbance input=| J; |

5



the control inputsu =| U, U, |and the output VeCtOIy:[,B(/D/ ¢ 2 . %]

4. H. CONTROL SYNTHESIS OF ACTIVE ANTI-ROLL BAR ON HEAVY
VEHICLES

4.1 Control objective, problem statement

The objective of the active anti-roll bar contrglseem is to maximize the roll
stability of the vehicle. Usually, an imminent mler is detected when the calculated
normalized load transfer reaches 1 (or -1), asaéx@tl hereafter. First, the lateral load
transfer can be given by:

AFZ = % (8)

w

wherek, is the stiffness of tireg, the roll angle of the unsprung mass anthe half
of vehicle’s width. Then, the lateral load transtan be normalized w.r.t. the total axle
loadF; as follows:

AF,
R=" ()

The normalized load transf&=+1 corresponds to the largest possible load transfer.
In that case, the inner wheel in the bend lifts off

While attempting to minimize the load transfernsitalso necessary to constrain the
roll angles between the sprung and unsprung m#gsa$ so that they stay within the
limits of the suspension travel (7-8deg), see [5].

The performance characteristic which is of mostrest when designing the active
anti-roll bar, is then the normalized load transfBne chosen control objective is to
minimize the effect of the steering angle on themadized load transfeR, in the H.
framework. As explained later, the limitation ofettiorquesUr, generated by the
actuators is also crucial for practical implemetat

4.2 Background on H« control

The H, control problem is formulated according to theeratized control structure
shown in Fig 2 [15], [16].

|

d(s) P(s) ()

A

K(s) [

Fig. 2 Generalized control structure.
with P partitioned as:

[zHal(s) Fzz(st} (10
v)TLR(s R3]



andu = K(s). y, which yields:
=R =[ Rt RK[1- P By (11)

The aim is to design a controll&rthat stabilizes the closed loop system and also
reduces the signal transmission path from distuésd to performance outputa
This problem is then to find a controllérwhich minimizesy such that

[F(P. K[, <y (12)

By minimizing a suitably weighted version 8f(P, K) the control aim is achieved.

4.3 H- control synthesis for the active anti-roll bar of the single unit
heavy vehicle model

In this section, the K control design is presented for the active artibar system
on a single unit heavy vehicle. Consider the cldseg@ system given in Fig 3, which
includes the feedback structure of the nominal rhd@ethe controllerK and the
weighting functions W. In this diagramyUs andU; are the control inputy,; andy-. are
the measured outputs; andn; are the measurement noisésis the steering angle
considered as a disturbance signal, which is sétdyriver. The variables, 2, z, z
andzs represent the performance outputs.

d of Rr
v B
Rr
. ay
- » Wzs » 75
u .
N 4
>
;
,
My v XY
le——( e Wit n1
K v

y2

Fig. 3 G-K control structure of Hactive anti-roll bar control.

According to Fig 3, the concatenation of the lineawdel (7) with performance
weighting functions lead to the state space reptaten of P(s):

x| [A B B |[X
Z|=|C D,D, [|W (13)
Y C, D,D,||U
with the exogenous input (disturbance)=[d n n]
the control inputU =[U, U,]"; whereUs /U, are the torques at the front/rear axles.
the performance output vectat:=[z z z z 3’

the measured output vectof=[ g, ;)]T
andA, By, By, Ci, D11, D12, &, D21, D22 are matrices of appropriate dimensions.
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The next section proposes an automatic and systemay to obtain the optimal
weighting functions used to solve the Ebntrol design problem.

5. SELECTION OF WEIGHTING FUNCTIONS OF H» ANTI-ROLL BAR
CONTROLLERS BY GENETIC ALGORITHMS

In industrial applications, multiple goals, ofteandlicting, have to be taken into
account. Multi-criterion optimization (MCO) is them powerful tool to find the best
compromise solution balancing the conflicts, andherefore of great importance in
practice. In this section, MCO problem for the weigg function selection of the.H
active anti-roll bar control on heavy vehicles Mroduced and solved using the
Genetic algorithms method. But first, the criterfon MCO problem must be defined.

5.1 Optimization objectives

The objective of the active anti-roll bar contrgiseem is to maximize the roll
stability of heavy vehicles to prevent rollover dangerous cases. However, such a
performance objective must be balanced with theéggneonsumption of the anti-roll
bar system due to the torques generation by theatmes. Therefore the objective
function is selected as follows:

f :O'f (1 O')f Torqt (14)
where f, aized oad ranse @Nd fro. @re performance indices corresponding to the
normalized load transfers and torques generatds@ataxles. They are defined as

follows:
1 17
fNormallzed _load_transfer _L\/ _[ R2 (t) dt + \/T _[ Rz( D dq

/—ju (t)dt /—IU(Ddt (15)

J JUZ () et J JUZ() ettt

whereR:,: are the normalized load transfers dhd the torques generated at front
and rear axlesUrmax are defined when the optimal problem focusses omythe
normalized load transfers (i.e. the torques are tiw considered in the optimisation
problem). In that casey =1 and f = f

Normalized_load_transfer

Torque

Normalized_load_transfe"
5.2 Multi-criterion optimization problem formulation
The weighting functions used in Fig 3 are detaifethis part.

The input scaling weight WY chosen asv, :%), normalizes the steering angde

to the maximum expected value, correspondingtbséeering angle command.
The weighting functionsWh: and Wh, are selected asw, =W, =0.01, which

accounts for small sensor noise models in the cbdtsign. The noise weights are
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chosen a$.01(m/3) for the lateral acceleration afd01¢/sec)for the derivative of

the roll anglegZ [5]. Note that other low pass filters could beesétd if needed.

The weighting function§\.; represent the performance outp(iéi, Weo, Wez, Wos
and Ws). The purpose of the weighting functions is to keagall the control inputs,
normalized load transfers and the lateral acceteraiver a desired frequency range.
The weighting functions chosen for performance oiggan be considered as penalty
functions, that is, weights should be large in fileguency range where small signals
are desired and small where larger performanceutaifan be tolerated.

The weighting functiond\;1 and W;> corresponding to the front and rear control
torques generated by active anti-roll bars are @hes:

Wy =5 Wy = (16)

The weighting function¥\,3 andW.4 corresponding to the normalized load transfers
at front and rear axles are selected as:

1 1
Wz3 :Z_3 ; Wz4 :Z_4 (17)
The weighting functioW.sis selected as:
Z.,S+ Z,
W, =27, 22 53 18
“ ZSl ZS4S+ ZSS ( )

Here, the weighting functiokV;s corresponds to a design that avoids the rollover
situation with the bandwidth of the driver in theeduency range up to more than
4rad/s This weighting function will directly minimize éhlateral acceleration when it
reaches the critical value, to avoid the rollover.

The parameterj are constant.

From equations (16) - (18), the following variabledl then be definedZ:, 2, Z,
2y, Zs1, Zs, I3, 54, Iss.

The MCO problem for the Hactive anti-roll bar control can be defined as:

rp[jly f (p)! f (p) ':I: fNormalized_ load  transfer f Torqu;T
P={P=12,2 2 Z %0 %0 %0 %0 ZJ 0 R 8 P

wheref(p) is the vector of objectivep,the vector of weighting function parameters,
p' and p' the lower and upper bounds of the weighting funrcgelection.

The lower and upper bounds of the weighting fumciparameters are given in
Table (2). Besides the minimization of the objeetiunction from equations (14) and
(19), we also have to account for the limitatiohgh@ normalized load transfers, roll
angle of suspensions as well as torques generateach axle. These limitations are
considered as the optimality conditions (bindingdigons) shown in the Table (3).

(19)

Table 2: Lower and upper bounds of the weightingctions.

Wzl W22 W23 Wz4 WzS

Z1 Z2 Z3 Za Z51 Z52 Z53 Zs4 Zs5
Lower | . 50 01| 01| 05| — | 1 1 | 0.001
bound 3000




Upper 1

bound 300000( 300000{ 10 10 100 1 500 0.001 2
Table 3: Binding conditions.
No Note Maximum value Unit
1 ‘qp— gqu‘ <7 deg
2 lo-a,| <7 deg
3 R | <1 -
4 IR <1 -
5 | < 120000 Nm
6 U, | < 120000 Nm

5.3 Genetic operation

The selection method used in this paper is theqgrtimmate selection developed by
Holland [9]. This method assigns a probability dalestion to each individual,
proportional to its relative fitness. Proportionaelection can be illustrated by a
roulette wheel. The crossover happens with a pibtyabf 0.9 and the mutation
happens with a very small probability 0.095.

The proposed weighting function optimization pragedfor H, active anti-roll bar
control synthesis is as follows:

Step 1. Initialize with the weighting functions as in tipeevious paper [18], the
vector of weighting function selected @spo.

Step 2: Select lower bound, upper bound, scaling factifsep and start point.

Step 3: Format optimal algorithm, select the vector ofemlives with the variation
of switch value from O to 1 and then solve the miaation problem.

Step 4. Select the individuals, apply crossover and moatio generate a new
generationp=pnew

Step 5: Evaluate the new generation by comparing withidimeling conditions. If
the criteria of interest are not satisfied, goteps3 withp=pnew; €lse, stop and save the
best individualPpop=pnew

6. SIMULATION RESULTS
6.1 Optimization results

Thanks to the Genetic algorithms method, Tablesi#thesis the values of the
variablesZi, Zsj in five cases fawr =[1,0.85;0.65;0.5;C. Whena =1, it means that

f = fomaized 1oad vansie  tNE Optimal problem focuses only on the normalizead
transfers and whemr =0, it means thatf = f the optimal problem focuses only
on the torques generated.

Torque !
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Table 4: Optimization results for the weighting étions of H. active anti-roll bar.

Contr O| | as Wzl W22 Wz3 Wz4 W25
Z1 Z2 Z3 Za Z51 Z52 Z53 Zs4 Zs5
[182]016 150000 200000 1 1 1 0.0005 50 100 0.01
a=1 258762.34] 259996.91f 0.91 | 0.64 | 0.97 0.46 | 392.54| 801.38| 0.22

a=0.85 273598.36 295104.17) 045 | 0.26 | 1.17 | 0.80 | 334.15| 968.50| 0.16
a =0.65 112322.78 110837.28 0.72 | 0.75 | 0.63 | 0.54 | 139.23| 97.46 | 0.02
a=0.5 166902.22| 196036.53 1.09 | 0.92 | 0.97 | 0.0005| 54.19 | 116.64| 0.01
a=0 50 50 159 | 0.83 | 0.50 | 0.43 1 683.05| 0.024

Fig. 4 shows the conflicting relation between tlernmalized load transfers and
torques generated with some Pareto-optimal poausiputed for the active anti-roll
bar on heavy vehicle. They are generated for diffevalues ot in the range of [0;1].

Fora=0, frorque IS minimized and conversely farl, f N ormatized._oad_transte 1S minimized.
10000 > d=1
9000 ‘-%’(FO.BS |
L ", _
8000 a 4=0.65
7000 - ‘%\Qﬁ/ |
—_ o, SSSC2016
£  6000F "‘xﬂ —
Z s, a=0.5
s 50001 . ‘A’/ i
s e
“_,g 4000
3000+ e 4
...
2000+ -
T a=0
1000 e . \ -
00 0.65 O.‘1 0.‘15 D.‘2 O.‘25 D.‘3 o 0.35

fNormaIized load transfer

Figure. 4 The optimization results of some pointthie Pareto frontier for the active
anti-roll bar on heavy vehicle.

6.2 Evaluation of optimization results in frequency domain

The limited bandwidth of the driver must be constdieup todrad/sto identify any
resonances in the response that may be excitedhédriver [5]. Therefore, it is
necessary to consider the behavior of the heavigheeim a wider frequency range. In
this section, the frequency response of heavy iehg shown in the nominal
parameters case of the single unit heavy vehiclesidered, characterized by the
sprung massns= 12487kg the forward velocity V avOKm/hand the road adhesion
coefficientp= 1.
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Fig 5 and6 show the normalized load transfers at the twossie They show that
in the casesa =[1,0.85;0.65, H. active anti-roll bar controllers reduce well the

normalized load transfers compared to that of Hee@assive anti-roll bar and of the
case of the previous paper [18] which are chosemidlg and errors.

Normalized load transfer at the front axle (Rf) due to steering angle

30
v
20 \ =
\
_ 10 b i H
% “‘i\
; WS B0 B B0 SOTE S i@
o Bt S A S I S I I K
% 0 g i e « -—»a=1, Optimized H_ AARB
., >
é’ i \ert” & —c0=0.85, Optimized H_ AARB
-10- B S i o e PR G A 771 ——a=0.85, Optimized H_ AARB |
S \ s X -~ =05, Optimized H_AARB
0k bk FC A AR N 0 N1 A4l —— =0, Optimized H_AARB
S — §85C2016, H_AARB
+— —+Passive ARB
-30 —— T e e e e
107 10" 10° 10' 10°

Frequency (rad/s)

Figure. 5 Frequency responses of the normalizatitt@asfer at the front axle (IR
due to steering angle.

Normalized load transfer at the rear axle (Rr) due to steering angle

30 U1 T e - — =1, Optimized H_ AARB
25 i _|e— —e0=085, Optimized H_AARB
+——0a=0.65, Optimized H_AARB
, Op .
20 — - —-0=0.5, Optimized H_AARB
— — =0, Optimized H_ AARB
15 — SSSC2016, H, AARB
o . [T— —Passive ARB
T 10 o
3
S 5=
= -
= .
c O
=
-5
-10
- AU U SRS O AN O SNONOOE SONOUIS RO SN0 SO0 SO0 25 SNOUN OUUIONE SO UL SN0 SO L 8 SOOI
20 SRR S B
10 10 10

Frequency (rad/s)

Figure. 6 Frequency responses of the normalizatitteasfer at the rear axle JRlue
to steering angle.
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6.3 Evaluation of optimization results in time domain

In this section, the considered vehicle maneuveoieering [5].

3

25

2

1.5

5, Ideg]

1

0.5

o

Time [s]

Figure. 7 Steering angte during cornering maneuver.

Fig 8a,b show the normalized load transfers &fg 8cd show the torques
generated at two axles when the forward velocityoissidered atOKm/h When the
value of a increases, the controllers reduce the normalipedl transfers, but the
torques generated by the actuators are higher fillfiiss consistently the objective of
optimal design.

MNormalized load transfer at the front axle MNormalized load transfer at the rear axle
1 T 1.5 : : T :
/':""———————————+ —————————————
/ :
I e T
e T ;o
i 1
L [Py R B S 4 o fp
# T T T T T T T T T T T T T T T T
I 0.5 [/f-
0 [ 0 e
0 2 4 6 8 10 0 2 8 10
Time [s] Time [g]
a) "
Torque at the front axle x10 Torque at the rear axle
0 —ea=1,H_AARB
1 —-—u=085H_AARB
z ) ——a=065,H_AARE
Z 2 ——-a=05,H_AARE
= ——=—a=0H_AARB
=3 - —— SSSC2016, H_ AARB
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Figure. 8 Time responses of the normalized loatsteas (Rr) and torques generated
at the two axles.

The forward velocity of the heavy vehicle continalyuvaries during operation of
the heavy vehicle, especially in the case of anrgemey. The rollover of heavy
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vehicle often occurs for forward velocity withg0 to 110 Km/h In Fig 9 and 10 we
consider the forward velocity of the heavy vehigteto 160 Km/hin order to evaluate
the roll stability, as well as to determine the maxm forward velocity at which the
normalized load transfers and the torques genenaach the limitations. In what
follows, the disturbance is the steering an@de corresponding to a cornering
maneuver. Fronkig 9, we can see that the maximum absolute value of alred
load transfers at the front axle reaches the littit in the case ofr =[1;0.85;0.65;0.5

where the forward velocities are respectivEdgd, 131, 123, 104 Km/Note that in the
previous paper [18] we gat07 Km/hfor the forward velocity.

Normalized load transfer at the front axle
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Figure. 9 Effect of the forward velocity on the malized load transfer: front axle.R

Considering~ig 10, the maximum absolute value of the normalized loadsfers at
the rear axle reaches the linfit” in the case ofa =[1;0.85;0.65;0.5 where the
forward velocities are respectively30, 125, 112, 97 Km/hNote that in the previous
paper [18], we go104 Km/hfor the forward velocity. In fact, the forward veloesi of
heavy vehicles are often considered up ardl@@Km/h so that choosing between 1
and 0.65 is convenient.

Normalized load transfer at the rear axle

....... a=1, Optimized H_ AARB s
25 —o—a=085, Optimized H_AARB % ,/r

Lot
—— =065, Optimized H_ AARB /
N i
;

-------- =0.5, Optimized HI AARB
----- o=0, Optimized H_ AARB
——S555C2016, H_ AARB
—+— Passive ARB

-

o 7
'y

by

£45
1]

1 n oS o

., -~ e f Iy
o = -
05 . - 180
() st P ]
0 20 40 60 80 100 120 140 160

V - [Km/h]

14



Figure. 10 Effect of the forward velocity on thermalized load transfer: rear axle. R

7. CONCLUSIONS

In this paper, a weighting function optimizatioropedure using GAs for Hactive
anti-roll bar control on single unit heavy vehi¢las been proposed. The conflicting
objectives between the normalized load transfeds generated torques are handled
using only one high level parameter, which is aagmedvantage to solve the multi-
objective control problem. The simulation resuftdrequency and time domains have
shown the efficiency of GAs in finding a suitablentroller to satisfy the desired
performance objectives.

Even if other structures for the weighting funciaould be used, the ones used in
this paper are shown to be simple enough whilegoefficient to solve the problem.
For future works, the comparison with an LPV colro(scheduled by the forward
vehicle velocity) will be of interest.
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