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Abstract. This paper considers a new approach on creatioantiblocking and antislipping systems of mobile
machines, algorithms of design of a road coveriog derforming virtual tests of dynamics of mobileachines,
algorithm of formation of actual magnitudes of fstmoments in contact "road-wheel-car" and thenivdgves,
software for virtual design of dynamics of mobilachines, technique of test of antiblocking systémesv generation.
Results of computer-aided modeling of car movendgmamics are obtained at braking with ABS, the ysialof the
basic characteristics provides information abowkhrg distance, value of longitudinal deceleratignfluence of
modulator speed on efficiency of brake system.

Introduction in which measurements of angular speeds of wheels a
not required. Their functioning requires:
Traffic active safety systems (ASS) of mobile maelsi - sensors measuring actual forces/moments in

(cars, planes, etc.) are fundamental means of asarg contact “road-wheel-mobile  machine” or their
stability, controllability, efficiency of brakingéeleration derivatives in longitudinal and cross-sectional
and other dynamic characteristics. A number of ings directions. Actual forceF; —in the further we shall
guestions of ASS creation are considered in wati®][ A name the sum of internal and external forces
ne_w_pr|n_C|pIe of AB.S/ASR operation based_ on force(longitudinal/cross-sectional), acting on a wheel a
principle is proposed in [2]. Algorithms of adagtigontrol movement:
are_prowded in patents [2, 3]. The method of cmim\nt_h - force executive drive (the modulator of pressure,
an integrated control system of parameters of mevens : : )

. . : . the working brake cylinder);
described by properties Qf movement_of vehicleshe - controller (analog-to-digital converter, digital-
patent [4]. In work [5] criteria of qgallty, methscand analog converter, filters, module of formation of
algorithms of control by movement in systems of iiwb desirable properties of movement of operated visab
machines generally are considered. In [6] the thewr intelligent regulator);
Operational. propertigs of cars_and ve_hicles witissical - schemes proviaing normal functioning of blocks
type ABS in a braking mode is considered. The cpnce of control, the control and indication of a conaiti of
and algorithms of identification of extreme sitoat at svstem ’
movement of the mobile machine is considered idQ}- y In .Fi 1 block diaaram of new generation
Algorithms of classical type ABS/ASR functioningear ABS/ASRgi.s resented g g
considered in [11, 12]. Computer modeling of new P '
generation ASS for the first time is considerefili®, 14]. Algorithm of ASS functioning

Structure of new generation active safety systems Let's consider interaction of basic elements of

. system considered on Fig. 1. The principle of
. Senlal ABS and ASR are pased on measurements ?tfnctioning of ABS and ASR does not differ, except
kinematic values and identification during each reabof

time in a curve of “factor of coupling-sliding ofwheel” that the executive mechanism in ABS is the working

N . brake cylinder, and in ASR it is the rail of thefpump
(u—s— curve). Thus it is inconvenient to exclude the(a high pressure for diesel engines). Thereforeshedl

methodical errors caused by discrepancy at ideatiin e |imited to consideration of ABS working prinaipl
of u—s— curve values of course speed of the mobilerhe condition of braking/accelerating wheels of the
machine. In the patent [1] (1993) R. Fourounjied &h  mobile machine which are being balanced under ractio
Kim for the first time offered a new generation ABSR  of actual forcess/moments from the brake mechanism o
the engine, road and the chassis, is supervised by
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gauges The output value of the moment of the executiveboard of the machine), an intelligent regulatoroading

brake mechanism is defined by total influence frtra  to the algorithm of functioning considered in [2, 3
driver and ABS/ASR, built into the brake drive. Bhu forms a control signali(t) which moves on input of a
actual values of forces/moments depend on effofts f4ce executive drive. Work of the executive medsam
influence of the driver to a pedal of a brake/gag] from g provided with an energy source. In hydraulickera

operating influences of ABS/ASR. ] system the electric motor with high-pressure pusip i
The information from sensors acts in the controthkl usually used, while in pneumatic system - the

through the filter intended for exclusion of infhee of compressor with receivers.
high-frequency handicaps. On the basis of the vedei

information F, (i—index of support;l —the index of a
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Fig. 1—Block diagram of new generation ABS/ASR
a.) ASR; b.) ABS; c.) controller (electronic contuiit (ECU));

1 —filter, 2 —intelligent regulator, 3- power amplifier, 4 — scheme of modes stabilizatibn scheme of protection and
control, 6—indication of serviceability of system~pressure modulator,-8energy source, 9 executive mechanism, Xoengine,
coupling, gearbox, 1% battery; 12- module of control of a throttle/rail of the fualmp; 13— external indignation; 14 road; 15—

sensor of actually sold force/moment

At failure of the system the car brakes and acatder by a brake drive, the maximal admissible value
in a traditional way, while the driver is informettout the  F. =R, , where R, —vertical loading on a wheel;

failures by light and/or sound indication. @—the factor of coupling in a longitudinal direction,
ABS that is presented in Fig. 1 functions as foow fact t lonaitudinal i il b imal and
Influence of the driver on a brake pedal is trattadion dac or t'o 0?9' l: |r?af cou%mg will-be n?a}[mma_ anF
highways to the executive brake mechanism whichtese 2)er|va ive of actual force becomes equal to zeig. (
the corresponding brake momeht, enclosed to a wheel The controller produces an operating signal which

of the mobile machine. Simultaneously with growth o moves on the modulator for dumping of pressurén t
pressure in thelbrake cylinder there i.s a decrienaaag_ular executive mechanism of brakes. If pressure in th&e
speed of rotation of a wheel and increase of giddi  cyjlinder continues to grow further, the derivativethe
wheels. The steady range of sliding depends op@ayd  actyal force falls below zero, and actual forcedntact
a condition of road covering, from type of the kuand  yeduces to the value defined by vertical loadingaon
pressure in it, design of a protector, temperatifira road  \heel and factor of coupling at full sliding. Thtise
cloth and the trunk, speed of movement of the meobil factor of coupling decreases to the value corredipgn
machine, etc. In a steady range of sliding thevdéie of {5 fy|l sliding of a wheel (wheels lock). Sliding @
actual force/moment is positive. wheel passes to an unstable range of sliding and
At approximation of actual force/moment to as muchyontinues to grow. The given process continued timi
as possible sold in contact “road-wheel-mobile th&jme of operation of the pressure modulator. Spefed

machine”, the value of derivative pf actual forcefment  ,o4ern modulators of hydraulic type makes 1020
starts to fall. At achievement of the force/momergated 4 pheumatic type - 20-56.
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b stable range | unstable range

Fig. 2. Dependence of factors of longitudinal couplinguieels
from road and practically realized force/moment asd
derivative from sliding a wheel
1 — factor of coupling in a longitudinal directidh:- factor of

coupling in a cross-section direction

derivative of actual force becomes equal to zelidirtg
of a wheel will be on border of transition fromtaaly
range of sliding to the unstable one. Angular spekd
rotation of a wheel will start to fall. During thimoment
the controller produces an operating signal to the
modulator for dumping of pressure and the cyclensc
The algorithm of ASR operation is similar to that o
ABS except that a control signal in ASR acts on the
modulator of brake pressure of driving wheels and o
the mechanism of control of submission of fuel olyo
on the mechanism of control of submission of fugl [
8].

Criterion of quality of control

Criterion of quality of control at synthesis of
operating functions fork— target variable x (t)

(% (t)—a derivative of actual force/moment) and its

derivatives x, (t), ... X" ¢) of operated system are

formulated on quality of transient as integratead &
represented as follows:

b
_ 2 2.2
Jn—j[gk +7,°%6, +..+ 1,

fo

%07 dt, (1)

Where ¢, (t) =X (t) - x (t)— control error, X (t)—

At operation of the modulator the valves are opened,mmand value.

for dumping of pressure from the working cylinder.
Simultaneously there is reduction of pressure leyvhve
of the modulator from a brake highway. Pressurehi
working brake cylinder starts to be dumped froms thi
moment. Derivative of actual force as a result eases,
reducing the most actual force accordingly. Thediaof
coupling starts to increase up to the maximal vadliding

of a wheel decreases and comes back in a steadg tdn
sliding, angular speed of rotation of a wheel stad
increase. This process lasts until the derivatiteaaiual
force does not become equal to or more than zewan®
this moment actual force is equal to braking foore a
wheel.

Desirable properties of movement of operated
variables in a linear variant are set by the déffetial
equations:

Xk(n) +:Bn-1xk(nil) +ot BX+ Bk = BXr (2)

Factors g,,....,, are defined through constants
7,,...,T, , €ntering in criterion (1).

The general formulation of a problem

The condition of ASSk- module of mobile

At this moment, the operating signal formed by the

controller, becomes equal to zero. Since this maraad
time of operation of the modulator pressure in bnake
cylinder continues to decrease. Actual force ineesaand
exceeds brake force formed by a brake drive, theateve
of actual force grows. The factor of coupling cangs to

machine is characterized by a target varia;kuét) and

its derivativesx (t),..., xl((n_l) t).

Initial and boundary conditions are set in the form
of:

increase up to the maximal value, sliding of a whee

continues to decrease and comes back in a steadg
sliding, angular speed of rotation of a wheel iases.

As soon as the modulator has been operated, there i
closing of valves of dump of pressure from the virgk
cylinder, opening of the valve of a brake highwayttee
valve connecting the accumulator with the brakenchdr.
Since the moment when the pressure in the brakedeyl
starts to increase until the derivative of actuakcé will
not reduce to zero. During this moment of tifig= R, ¢,

factor of longitudinal coupling will be maximal, drthe

(n-1)

t=1t,: X(t) = Xg X(to) = Xgr oo X" €)= x Y,

®3)
t>w:xt)>%, x“t)—>0,v=1 2, .nh- 1(4)
Here X(t) — command value of a target variable. Target
variables can have. The condition (3) reflects ratial

condition, and a condition (4) - the requirement of
asymptotic stability in conformity with Lyapunov's
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second law. In expressions (3) and (4) for simylithe Modeling of actual forces/moments
index k is lowered.

The command value of a target variable can vary During computer-aided modeling and computer-
arbitrarily. So, for example, if in ABS (or ASR) astarget  aided design of the mobile machine ASS it is neargss
variable it is observed a derivative actually soidontact 10 model type and properties of a covering under

the pneumatic with road of the momet,, , as command various wheels of the mobile machine and systems
arising in contact “road-wheel-mobile the machine”,

value X is accepted small positive value and brakectyal forces/moments and/for their derivatives. kvhe
pressure (and-or the submitted quantity of fuetase of  modeling dynamics of the mobile machine we used the
ASR) is regulated so tha¥l , — X . Thus sliding is to the nonlinear spatial mathematical model of movement

left of a maximum onu—s— curve, however, very close Providing an opportunity of the task of various egpof
. a road covering for wheels of various boards, for
to a maximum on a steady part of a curve.

. : example type «mixt» or various combinations of gjpe
Generally desirable properties of movement for all bie yp &P

) . alternating them both on boards, and from one hoard
modules of the integrated system of active safetyset g b

) : ; and also an opportunity of a variation of factorfs o
for th_e corrgspondln_g coordinates considered as déy coupling for various types of coverings.
the differential equations:

- ~me For computer-aided modeling we have developed
X = G KXo, k=1..m ®) the virtual range including the module “Road Site
t>0: Xk (to): ka, X (to): Xk Editor” (subsequently called "Editpr"). In the edithe
surface of the rectangular form in the valueh of
meters, wherel —length, andh-the width of a road
Boundary conditions correspond to (3) and (4)site consisting of square cells of the any vatuewith
Restrictions and functions of preferenceyarious type of a road covering is formed. In the
program module basic types of road covering are
possible: dry/wet asphalt, dry/wet soil road, sand,
the parameters making information base of systeersat ro|led/unrolled snow, ice, etc.
also. _ For each type of road covering it is necessaryeto s
It is required to construct the regulatorscolor of a covering which appearance will be digpth
U (), k=1..m providing desirable properties of at designing range, the maximal value of factors of

movement (5) during each moment of time at satisfac  !0ngitudinal and cross-sectional coupling and thalue
of restrictions and regional conditions (3) and f@f)each at full sliding wheels. o _
module of system. ~ After creation of a road covering it can be kep&in
The formulation of a problem also includes congbl Pinary file on any data carrier that allows, having
linear and nonlinear systems by linear and nonfineaCreated type of a covering once to use it in arhemot
criteria at the precise and indistinct task of dese  SOftware which supports a format of the file. Thepk
properties of movement and information base ofesyst type of a covering can be edited: for any type of a
Thus, all the problems solved by modules of integta COVering it is possible to change factors of cauplin
system of active safety, are formulated in the amif longitudinal and cross-sectional directions, factafr
form. Therefore creation of a control system becomeresistance of environment and to change color. ki
essentially simpler and more economical. Thus fache road covering is used in the program module of ASS
module it is required to concretize only targetiabies  Virtual design of mobile machines.
X (t) and their command values .

Where f, (.)-the set operators, generally nonlinear.

yk(kzl,...,mﬂ) for indistinctly certain functions and

14:39:08.828 : Monenn sarpyxens.
14:39:14.671 : Tpacca sarpysena. Ee napamerpu: L: 70, H: 10, A: 100.00

Fig. 3. Interface of 3D visualization
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In Fig. 3 present form of 3-dimensional visualirati
of dynamics of the mobile machine movement with oke
the covering designed in "Editor".

At computer-aided modeling of dynamics of mobile

machine with new generation ASS the original aldoni
of formation of actual
derivative wheels in contact to a basic surfacgsed. The
analysis of work [6] has enabled determination loé t
tendency of change of actual force and its derreati
system in contact “road-wheel-mobile machine” toimas
situations.

Let's consider transients for actual brake forced a
their derivatives at modeling of movement of thebiteo

machine without ABS/ASR in a mode of dispersal and

emergency braking. The given process consists of
phases.

The first phase starts during the moment of the

beginning of braking/acceleration and proceeds tli

moment of time when brake/traction force becomeemor

than as much as possible sold force on a whed, the
moment that corresponds to transition of sliding afheel
from a steady range in unstable, thus the facta@oapling
in a longitudinal direction passes through extremafm
L—S—curve.

The second phase begins after transition of slidihg
the trunk in an unstable range of sliding and cotoean

end at a full stop of the mobile machine or whea th

traction moment on a wheel becomes less than ab asic
possible sold moment in contact “road-wheel”.

forcesimoments and/or their_

X =2at(X—X). (7)

The decision of the equation (7) is a function:

X(t) = X + X(1—e ).
In fig. 4 the graphic decision (7) is presented at
X=1,a=1,%x=0.

Using (8), change of factual forces/moments
F; (t), their derivatives F; (t), and also factor of

coupling ¢, (t) for biphase process can be described by
the following algorithm:

2F: () =R (),

Fi () =FR(t) I R (1) < o Ry

Fi ()
) = Pyoren (L
Oy (6) = Py ( wxmasz)
Fy () = R — Ry (P — Parn)€
at?

Fr (1) =0~ F e RO R,
—at?
?x(ti) = Prrex — (Pyrax = Poxmin)L—€ )

i=0.n

©)

Where F (t) - brake/traction force/moment on a

Performed research work has demonstrated thatlactuaheel, R,(t)—normal reaction to a wheelp,, —the

contact of wheels processes can be approximatethéy
decision of the differential equation of the fiostler:

X+ 2atx = 0

Where x, — the value of a variable(t) corresponding to
the approach of "extreme eventa=a(t,,,¢,)-the

parameter identified on experimental datg, —time of

transient of change of actual force for particuigre of a
road covering,g, (t) — current value of factor of coupling

in a longitudinal direction.
The decision of this equation looks like:

X(t) = ><0e’atz
It is easy to see, that procesft) sharply decreases with
growth t.

The differential equation with the right part is
generally considered:

X+ 2atx = 2atx ,

(6)

Where X — the set "command" value.
We shall present the equation (6) in the form of:

maximal value of longitudinal/cross-sectional factd
coupling (on a curve “factor of coupling-sliding af
wheel”), ¢, —the maximal value of longitudinal

factor of coupling at full sliding of wheel for aent
type of a road coveringt; —time considered from the

moment of approach of "extreme event" that started
after excess by brake/traction force of as much as
possible sold force/moment for the certain typeaof
road covering, i=0.n, F, =Fu(®)-the
parameter identified on experimental data, dependim
factor of coupling of a road covering.

In Fig. 5 results of computer-aided modeling of
forces are provided: actual brake, formed on a Whee
brake drive, and also their derivative systemsontact
“road-wheel-mobile the machine” for a road coveraig
type asphalt at finishing a wheel before full blimgk

Let's consider change of actual brake forces and
their derivatives at modeling movement of the nmmbil
machine with ABS/ASR in a mode of dispersal and
braking. The given process consists of 4 phases. Th
second, third and fourth phases repeat.

The first phase begins during the moment of the
beginning of braking/dispersal and proceeds tik th
moment of time when brake/traction forces become
more than as much as possible sold force on a wheel

that corresponds to transitiofr; through zero (in
negative area of values).
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Fig. 4. Decision of the equation (6)
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Fig. 5. Results of computer-aided modeling of actual foeres their derivatives
In contact of system “road-wheel-mobile the machine

The second phase begins during the moment of timghere will be no change of a road covering to senall

when there is an excess by brakef/traction forces ohuch factor of coupling on greater.

as possible sold force on a wheel, and comes tendn

of an operating signal on dump of pressure in aenoid
braking or at dispersal when the operating signdl w
reduce submission of fuel and-or will lift pressunethe
brake cylinder.

The third phase begins during the moment of time
when there is an operation of the executive meshani
after submission of an operating signal on dump of
pressure in a mode of braking or at dispersal wihen
operating signal will reduce submission of fuel @mdwill
lift pressure in the brake cylinder and comes toead
before the executive mechanism will start to fumctafter
reception of an operating signal in a mode of brgki on
increase in pressure, in a mode of dispersal norease in
submission of fuel and-or dump of pressure in theké
cylinder up to zero.

The fourth phase begins after operation of the
executive mechanism after submission of an opeyatin
signal on increase of pressure in a mode of brakingt
dispersal when submission of fuel will increase /and
pressure in the brake cylinder will start to be gedhup to
zero. The fourth phase will last till the moment tohe
while brakef/traction forces do not become more than
much as possible sold force on a wheel. There ball
further a cyclic change of a phase 2, 3 and 4 uhal
driver will not reduce pressure upon a pedal "bigks' or

266

Thus, the algorithm described above can be
when the executive mechanism will work after sulsiois  presented in the form of:

Fr () =R (),
F () =R ().

() = P (1-

Fe(6) =R (),
F () =R ().

?(t) = e (1

Fr ()
T p—

F ()
ParexRe

)

Fr () = R — Re(Bara - Barin)©
Fi)=0-Foate ™ |

2(t) = Prrex — (Pure — Brin) =€ ),

)

i R O<pmR &F (020

2
i

JIf RO gomR

2

JFRO<pmR & RO<O;
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Results of computer-aided modeling

Results of computer-aided modeling of brake
dynamics of the car with ABS are presented in Bignd

7. Apparently, at increase in speed of the modulbjo2

times the brake way makes 33,55 m and is reduc&gbto
% due to more effective work of system in the fiefdan

St -

extremum of u—s-curve, the established deceleration 0,040,041 0.0420.0400. 0440 0450.0460. 04700490, 043 0,060 0510 0570 0510 DI.0550 056.0.0570.0590.05% 008

has decreased by 0,08/s?. Maintenance of longitudinal

factor of coupling in a range of 19-20 % of slidin§ a

wheel, and also higher average value of crossesedti

factor of coupling is provided.

Speed, mis  [— Vear — Vwheel |

10} .

oW

2 KN B@

o 05 1 15 2 <25 .3 '35 4 45 s 55 ®
Time, s

Brake distance, m

0 05 1 15 2 2§ 3 35 4 45 5 55 B
o Longitudinal deceleration of car, m/s"2

0 05 1 15 2 25 3 35 4 45 5 55 B
Factor of coupling in a cross-section direction
T —

¢ 05 1 15§ 2 25 3 35 4 45 5 55 8

Forces, H |— Fmam —==Ffact --anljululm'|

T T Aaan TrrrT T T T T
00400 040 0520, 05005440 D40 D0 04700, 0450048 005 00510 0520 D30 050 05500 0500 D570 D50 0e540 0.0
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Force denvative, His [ — [Fmam —a— DFfact — [Fmodulator j

5000
5000 2 )
40004
2000

0

0,04 000410 0420 D30 040 (550 04600470, 0450 049 005 0,05 10 D520 05300540 550 0560, 0570 0520 050
[——u), v

Fig. 6. Transients at braking the mobile machine with ABS.
Speed of the two-position modulatty; =50 ms
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oz
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24001~
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18001
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0.04 0.0410.042 00430 044004500460 047 0.0450.048 0.05 0.0510.0520.0530.0540 0550 0560.0570.0550 059 0.06

Fig. 7. Transients at braking the mobile machine with ABS.
Speed of the two-position modulathy = 25 ms

Conclusion

Paper reports on computer-aided modeling of the
mobile machines dynamics equipped with ABS and
ASR. Modeling with use of new algorithms of the
adaptive control, combining high accuracy and speed
without repeated regulation owing to work on noeér
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criteria of quality of control is provided. Besides 6. Revin A.A. Theoria of Operational Properties of Cars and
simplicity of the task of any desirable propertie§ Vehicles with ABS in a Mode of Braking: Monography /
movement of operated variables ABS/ASR is obtainedY©0!90grad, STU- Volgograd, 2002372 p.- ISBN 5-230-
Stability of movement of operated system is ensure 4-0.

. . A . Fourounjiev R.l. New Adaptive Control Methods of
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limiting opportunities of used executive drives.
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