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A brake drive is a set of mechanisms that are used to transfer energy from a source to stop
devices. In addition, the brake drive is responsible for controlling this energy during its transmis-
sion to implement braking. Brake drivers are classified into simple (using human muscular
strength) and automated (using additional mechanisms that enhance the muscular strength of the
driver or completely replace it). During vehicle use, changes occur in the braking system, which
are the result of the impact on the braking system of operational factors: the beating of the sur-
face of the brake disc, a change in the mass of the brake pad, a decrease in the radial stiffness of
the hose walls, etc. The occurrence of these factors affects the stability of the characteristics of
the elements of the chain “modulator ABS — brake mechanism”. The instability of the braking
system characteristics is one of the reasons for the decrease in the braking efficiency of the car
and the safety of the vehicle, as it has a direct impact on the quality of the control commands.
Improving the operational properties of vehicles with automated braking systems is an urgent
scientific and technical problem. To study and improve the operational properties of the vehicle,
a laboratory semi-natural stand of an automated car braking system was designed and assembled.
It allows simulating the operating processes of the drive, as well as assigning any operating
modes of the braking system The article studies the possibility of applying the method of the vir-
tual-physical modeling method when researching and improving operational properties of auto-
motive brake automated systems on model stands, which makes it possible to successfully identi-
fy the instability of existing brake systems, and also lays the foundation for the effective creation
of elements of unmanned vehicles.

Keywords: transport vehicle, brake drive, brake system, automated braking systems, virtual-
physical modeling, unmanned vehicle

It is always important to improve the performance of vehicles with automated braking systems.

However, as practice shows, during operation, changes occur in the vehicle's braking system caused
by various factors.

These factors affect the stability of the brake drive performance.

With the beginning of the automation of brake systems and the use of relatively precision elements,
such as valves, the relevance of assessing the influence of the instability of the characteristics of the el-
ements of the chain “ABS modulator - brake mechanism” of car wheels on the quality of control com-
mands increases.

Since the deterioration in the quality of management leads to a decrease in road safety.

When solving problems of this kind, problems of reproducibility of the experiment may arise, in or-
der to isolate the influence of a particular factor by the nature of manifestation and magnitude.

One of the latest developments to ensure reproducibility is a virtual-physical technology for testing
automated automobile brake systems [1, 2]. The accumulated experience and knowledge make it possi-
ble to continue research in a given scientific direction and to solve urgent problems of modern automo-
tive industry.

In most of the leading automotive companies’ ABS production, traditional elements are used: a
wheel rotation sensor and sensors for additional information about the state of the vehicle's movement
(speed, acceleration, load, etc.); control unit, the control algorithm of which is in most cases classified
by the manufacturer; a pressure modulator of the working fluid (brake fluid or air, depending on the type
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of brake drive of the car), which is transmitted through the lines to the brake cylinders of the wheels.
The commands generated by the ABS control (fig. 1) unit based on the sensor signals are transmitted to
the modulator solenoids, with the help of which the necessary (in accordance with the state of the brake
wheel) pressure of the working fluid is formed. The latter is transmitted through the highways and enters
the working brake cylinders of the wheels, activating the brake pads.

Fig. 1. ABS control loop: 1 —solenoid valve; 2 —the main brake cylinder;
3 —wheel brake cylinder; 4 — electronic control unit; 5 —wheel speed sensor

Modern ABS control units work according to algorithms that use multiphase regulation and holding
time when controlling the duration of the phases. When choosing a control phase, the logic block takes
into account the angular velocity, acceleration (deceleration), and the derivative of acceleration. The lat-
ter creates increased requirements for the quality of control commands arriving at the input of the logic
block, therefore, it requires the most detailed study of the effect on them of unstable elements of the cir-
cuit “ABS modulator - brake mechanism”.

In fig. 2 graphically shows the characteristics of a hydraulic brake drive with two-phase and three-
phase ABS (the dotted line indicates one of the possible types of cyclogram when one of the hydraulic
parameters deviates). Legend: with two-phase ABS (Fig. 2A) F1 — automatic release phase; F2 — auto-
matic braking phase; Fv — phase of inhibition; with three-phase ABS (Fig. 2B) F1 — automatic release
phase; F2 — holding phase; ®3 — automatic braking phase; Fv — phase of inhibition; T is the pulse peri-

od; tn is the duration of the phase ®n, p is the pressure of the working fluid.
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Fig. 2. Graphs of pressure dependence in a hydraulic brake actuator
with two-phase and three-phase ABS
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The instability of the characteristics of the chain elements is caused by various operational factors,
for example, such as the beating of the surface of the brake disc, a change in the mass of the brake pad, a
decrease in the radial stiffness of the hose walls, microcracks in the hoses, pipe bends, a change in the
length or diameter of the pipeline, as well as a blockage can have a significant effect on adequacy the
operation of the logical unit and the accuracy of its commands, which ultimately affects the braking effi-
ciency of the car and traffic safety.

In addition, the use of high-speed automated braking systems (at a high frequency of operation) can
lead to a high degree of heating of the actuators, and, accordingly, to the danger of fading effect [3-20].
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Fig). 3. Laboratory stand model of the automated brake systgm

To assess the instability of the parameters of the signal transmission circuits in the automated brak-
ing system for the quality of control of work processes, as well as to assess the response speed of such
systems, a laboratory stand model of the automated brake system of the Lada Kalina car was designed
and assembled (Fig. 3a, 3b)

The semi-natural model makes it possible to simulate the work processes of the drive of the auto-
mated braking system of a car (fig. 4). The unit is interfaced with a computer via a cable for transmitting
relay control signals, with an ABS device using electrical wires soldered to the terminals of the sole-
noids and the electric motor. To operate the solenoid, the computer sends a control signal to the relay,
which activates the internal diode and allows power to be supplied to the controlled solenoid.

Direct control of solenoids and emulation of signals from wheel speed sensors allow simulating any
operating modes of the braking system.
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Fig. 4. Communication of the device with a PC with a connected USD and ABS

The use of a bench full-size model (fig. 5) of the braking system, instead of a car, allows simulating
various malfunctions of the automated braking system and studying the corresponding deviations of
work processes without any risk to the safety of the driver / operator [4]. The technique for constructing
such stands is described in the works [1, 2].
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Fig. 5. Stand with a full-size brake system

Prospects for the development of modern automotive industry are directed towards automation, in-
cluding full automation of vehicle control. The emergence of unmanned vehicles on public roads today
is only a matter of time. Domestic projects, such as the unmanned Shuttle bus from NAMI together with
KAMAZ, the unmanned KAMAZ truck, MATRESHKA from Volgabus, and Yandex unmanned taxis
are already quite successfully running around closed areas and training grounds, observing the speed
limit, recognizing signs and traffic lights. However, the real traffic situation is very different from the
closed landfill, primarily in the speed of traffic. In an urban environment, in a dense stream of other cars,
drones will have to receive / read and process a huge amount of information about the surrounding reali-
ty. Based on the collected and data in accordance with the algorithm, control signals are generated, in-
cluding the brake system. In emergencies, the driver often instinctively presses the brake pedal without
having time to think about making this decision. To ensure the safety of unmanned vehicles, the speed
of response of a drone to an emergency should not exceed the speed of reaction of a modern average
driver. Only in this case, the automated braking systems integrated into the general control system of the
unmanned vehicle will keep the braking efficiency at the current level. At the same time, insufficient
speed of automated braking systems, as well as inaccuracies in the processing of commands of the logi-
cal unit (due to the instability of the parameters of signal transmission circuits) will not allow unmanned
vehicles to be certified as safe and to start operating them. Thus, the direction of research indicated in
the article is one of the urgent problems of the modern automotive industry.
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CPEAOCTBA UCCJNNIEAOBAHUA CTABUJIBHOCTHU
XAPAKTEPUCTUK ABTOMATU3NPOBAHHOI'O
TOPMO3HOI'O NPUBOOA
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TopMo3HON NMPUBOA — COBOKYITHOCTh MEXaHU3MOB, KOTOPBIE€ UCIIONB3YIOTCS Ul Mepeaayn
SHEpPIruM OT MCTOYHMKA K TOPMO3HBIM ycTpoiicTBaM. Kpome Toro, TopMo3HO# NpuBOJ OTBEYaeT
3a yIpaBJIeHHE 3TOH dHeprueil B mporecce ee nepenadu Aisl peaausanud TopMoxkeHus. Topmos-
HbIE PUBOBI KIIACCU(PHUIIUPYIOT Ha MPOCThIE (TIPH UCTIOIb30BAHMH MYCKYJILHOM CHITBI YEIOBEKa)
U aBTOMAaTU3UPOBAHHBIC (HpI/I HCIIOJIB30BaAHUN AOIMOJIHUTCIIBHBIX MCXaHHU3MOB, YCHUJIMBAIOIIUX
MYCKYJIBHYIO CHJIY BOJMTENS WM IMOJHOCTBIO 3aMEHSIOUINX ee). B mpoliecce MCIONb30BaHUS
TPAHCHOPTHOTO CPEJCTBA B TOPMO3HOM CHUCTEME MPOUCXOIAT W3MEHEHHs, KOTOpBIE SBIISIOTCA
pe3yNbTaToM BO3JIEWCTBHSI HA TOPMO3HYIO CUCTEMY JKCIUTyaTallMOHHBIX (paKTOpPOB: OMEHHUE TO-
BEPXHOCTH TOPMO3HOI'O IMCKA, U3MEHEHHE MacChl TOPMO3HON KOJIOJKH, CHIDKEHHE PaIuabHON
KECTKOCTH CTCHOK IIJIAHTOB U T. 1. BO3HHMKHOBEHUE ITHX q)aKTOpOB OKa3bIBACT BJIMAHHUC HaA CTa-
OMJIBHOCTD XapaKTEPHCTHK 3JIEMEHTOB Henu «Monyisitop ABC — Topmo3Hoit Mexannu3my. He-
CTaOMIIBHOCTh XapaKTEePUCTHK TOPMO3HOWH CHCTEMBI SABJISETCSI ONHOW M3 NPHYMH CHIDKEHUS 3 (-
(EeKTMBHOCTH TOPMOXKEHHUSI aBTOMOOWIIS M O€30MIaCHOCTH IBHKEHMS TPAHCIIOPTHOTO CPENCTBA,
TaK KaK OKa3bIBaeT MPSMOE BIMSHHE HA Ka4eCTBO OTPAaOOTKM KOMaHJ yrnpasiieHus. IloBbleHne
9KCILTYaTallMUOHHBIX CBOMCTB aBTOTPAHCIIOPTHBIX CPEACTB C aBTOMATH3HPOBAHHBIMH TOPMO3HBI-
MU CHCTEMaMH SBJISIETCS aKTyaJbHON HayJHO-TEXHHUYECKOW mpobiiemoi. [[ns mccnenoBanus u
HOBBIIIEHHS 3KCIUTYaTallMOHHBIX CBOMCTB TPAHCIOPTHOTO CPEACTBA CIPOEKTHPOBAH U COOpaH
71a00paTOPHBIN TONYHATYPAIBHBIA CTEHA-MOJAEIb aBTOMATU3UPOBAHHON TOPMO3HOH CHCTEMBI
aBTOMOOWJIS, O3BOJIAIOIINI MIMUTHPOBATh pabodne MpoLecchl NPUBOJA, a TAKKe Ha3HA4aTh JIIO-
Oble pexHuMBbl pabOTHl TOPMO3HOM CHCTEMBL. B cTaThe 3aTparuBaercs BOIPOC MPUMEHHMOCTH Me-
TOZa BUPTYaJbHO-(HU3UUECKOTO0 MOJCIUPOBAHUS IIPU MCCIEIOBAaHNH M MOBBILICHUH JKCIUTyaTa-
LMOHHBIX CBOWCTB ABTOMOOMJIBHBIX TOPMO3HBIX AaBTOMATH3MPOBAaHHBIX CHCTEM Ha CTEHIAX-
MOJEIISX, YTO ITO3BOJISIET YCIEIIHO BBIABIATH HECTAOMIBLHOCTH PabOThI CYIIECTBYIOINX TOPMO3-
HBIX CHCTEM, a Takke 3aKiiapIBaeT QyHIaMeHT Ui 3Q(HEeKTUBHOrO CO3IaHUS HJIEMEHTOB OecIH-
JIOTHBIX TPAHCIIOPTHBIX CPE/CTB.

KitroueBble ci0Ba: TpaHCIIOPTHOE CPEACTBO, TOPMO3HON NPUBOA, TOPMO3HAS CHCTEMa, aB-
TOMATH3UPOBAHHBIE TOPMO3HBIE CHUCTEMBI, BHPTYaJIbHO-(GU3MYECKOS MOIENIUPOBaHKE, OecrH-
JIOTHBIN aBTOMOOHIIh
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