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Abstract. The article is devoted to the development of an effective system to ensure the operational condition of
vehicles and braking system based on diagnostic information on vehicles. Due to the low coefficient of output of cars
on the line, the daily costs of their downtime are calculated in millions of tenge. One of the main reasons for failure is
poor technical condition. The cost of maintenance of vehicles in technically good condition is 15-20% of the total cost
of transportation. It is based on a complex method of diagnostics of vehicle safety systems. A very important issue is
the development of an effective system for assessing the effectiveness of vehicles. It allowed to control the technical

condition and predict safe working hours.
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Introduction

Nowadays, the importance of the transport
industry in the economy of each country is growing,
as the level of transport development has a direct
impact on the competitiveness of the economy and
the security of the country. The transport structure
is an important sector of the domestic economy of
Kazakhstan, which makes a significant contribution.

Despite the global financial and economic crisis
affecting the economy of the Republic of Kazakhstan,
high demand for cars remained and there was an
increase in annual freight and passenger turnover.
High demand for transport services has led to an
increase in the level of automation in society.

Research results

The material and technical base of road transport
enterprises, the quality of maintenance and repair
have a significant impact on the level of performance
of cars. Due to the low utilization rate of cars (about
70%), the daily costs of their downtime are estimated
in millions of tenge. One of the main reasons for the
delay is unsatisfactory technical condition. The cost
of maintaining vehicles in good technical condition is
15-20% of the total cost of transportation [2,4].

The goal of transport is to increase the efficiency
and quality of transport operations, ensuring the
safety of transport and passenger traffic, to fully and
timely meet the needs of the transport economy and
the population.

Reliability

is one of the most important

characteristics of the product: performance, reliability,

durability and serviceability, serviceability, which
directly affect road safety. The overall level of vehicle
reliability can be improved through systematic
measures during the 'life cycle' period.

The reliability of the car is set in the design,
provided in production and one of the most
important operational properties of the car is
reflected and preserved during operation. Reliability
during operation depends on the measures taken to
protect the vehicle assembly (assembly, assembly,
mechanism) from harmful factors, taking into account
the statistics on the reliability of individual elements.

Improvement of vehicle calculation methods,
design and production technology, introduction
of science-based methods of technical operation,
reliability in the operation of the vehicle will be close
to constructive reliability.

The reliability of the car is not stable during its
service life. In addition, the frequency and quality of
maintenance and repair, the properties of the working
materials, the conditions and mode of operation of
the vehicle have a significant impact on its reliability.

During the analyzing the reliability of a complex
product, all its elements and parts can be divided into
the following groups [3].

1. The elements whose failure does not affect
the performance of the product (deformation of the
coating, changes in surface color, etc.). Failure of
these elements can be considered separately from the
system.

2. Elements (pedestals and body parts, hydrostatic
bearings, high-strength low-load bearings), the



performance of which does not change during the
period under consideration.

3. Elements that can be repaired or adjusted
during operation of the product or during downtime
that does not affect its efficiency.

4. Elements that lead to product failure.

Thus, only the elements of the last group are
considered, which usually have a limited number.
They mainly limit the reliability of the product and
are the object of study.

If the complex system is divided into individual
elements, for each of which the probability of
continuous operation can be determined separately,
block diagrams are widely used to calculate its
reliability.

In these diagrams, each element i is characterized
by the value of Pi and the probability of its failure for
a certain period of time.

Figure 1 shows a diagram of a two-loop brake
system for a rear-wheel drive bus with an anti-lock
braking system (ABS) [4]. In case of an indicative
failure of the anti-lock system, the electronic control
unit disconnects the system, avoiding the possibility
of incorrect impact on the control of the braking
system during the movement of the vehicle. Thus, the
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braking system maintains its efficiency.

In most cases, the failure of the anti-blocking
system is due to unreliable electrical components of
the modulation valve, corrosion and wear.

The structural scheme of the reliability of the
braking system, developed on the basis of the features
of its design (Figure 2, a) determines the functional
relationship between the operation of subsystems (or
elements) in a particular circuit.

As the anti-lock system does not affect the
operation of the brake system, it is located parallel to
the main elements of the block diagram and allows
you to remove the device from the anti-blocking
system and create a new block diagram (Figure 2 b).

The brake force regulators of the rear axle wheels
shown in Figure 2 are not provided in this design.
Due to this, the braking system will brake in the event
of a failure of the ABS unit, but without the ABS the
braking system will not be effective.

However, the reliability of such a block diagram
is high in the block diagram shown in Figure 3, which
corresponds to the level of probability that P (t) will
work without accidents [3].

To qualify the reliability of the inspected vehicles,
we determine the probability of their failure. For the
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1 - compressor; 2 — pressure regulator; 3 — air dryer; 4 — four-way pneumatic protection valve;
5, 6, 7 — compressed air receivers; 8 — humid air tank; 9 — compressed air for additional devices; 10 — non-return valve;
11 - brake chamber; 12 - the brake valve; 13 — parking brake crane; 14 — two-way two-position valve;
15 — automatic brake force regulator; 16 — pneumatic cylindrical power accumulator; 17 — the accelerator valve;
18 — ABS solenoid valve; 19 — the sensor; 20 — ABS control unit; 21 — manometer

Figure 1 — Scheme of the bus brake system
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a—ABS is able to work; b — ABS is out of operation: BP — brake pedal; MC — mechanical connection; BC — brake crane;
ABFR — automatic brake force regulator; ECU — electronic control unit of the ABS; MV s — ABS magnetic valve; Pi — wheel

brake drive (pneumatic cylindrical power accumulator); Ti — wheel brake mechanism; Di is a wheel angular velocity sensor

Figure 2 — Scheme of a bus double-loop brake system
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BP — brake pedal; MC — mechanical connection; BC — brake crane; ABFR — automatic brake force regulator; Pi — wheel brake
drive (pneumatic cylindrical power accumulator); Ti — wheel brake mechanism; Pp — brake force regulator

Figure 3 —Block diagram of a two-contour brake system (with a brake force regulator)

conditions of use of the vehicle in accordance with
the diagram (Figure 2, version a) P(t) is defined in the
formula:
Prooa = (PCP' (1 - (1 _PMC) : (1 _PBV)) X
X(1=[1= (1= (1=PePiv-Pi))]) x (1)
X [1 _PECU 'PR_P'PSV 'PEMRP 'Pv%/ss])
there P,....« — the total probability of system failure;
Pcp — the probability of continuous operation of
the control (pedal);
Pyc — the probability of continuous operation of
the mechanical connection;
Pyy — the probability of continuous operation of
the brake valve;
Py — the probability of continuous operation of

the main brake cylinder;

Py — the probability of stationary operation of
the brake wheels;

Py — the probability of failure of the brake
mechanism;

Prey — the probability of uninterrupted operation
of the electronic control unit;

Prp — the probability of continuous operation of
the return pump;

Pgy — the probability of continuous operation of
solenoid valves;

Prygpe — the probability of continuous operation
of the electric motor of the return pump;

Pyss — probability of continuous operation of
wheel speed sensors.



According to the proposed block scheme in
Figure 2, the probability P({) is expressed as follows:

Pgeneral:PCP'(]-_(l_PMC)'(I_PHV))X (2)
X(l - (1 _PBC'PI%W'PI%M)Z)
For the scheme diagram in Figure 3, the
probability of continuous operation is as follows

R]eneml =Pop- (1 - (1 _PMU) : (1 _PBV)) X (3)
X(l_(l_PB('PRPl%WPZ%M)Z)

there Py, — the probability of continuous operation of
the brake force regulator.

Nowadays, classifiers are being developed in
various fields of engineering, which are divided into
categories according to the probability of failure (or
duration of operation) of all major components and
components of a particular product.

For devices and systems that ensure traffic safety
in the vehicle, the unauthorized operating mode is
considered to be 0.95.

Using the following formulas (1), (2) and (3), we
find the probability of failure of each of the systems
under consideration for different values of P(t).

The observed difference in the obtained values of
the probability of failure of the elements is explained
by the different number of parts used in the system
and additional redundancy, as well as by the fact
that there is a probability of occurrence of a situation
of prevention of the elements of the ABS, which
significantly affects the operation of the brake system
as a whole, and initially the control unit cannot be
recognized as defective.

Therefore, it is necessary to increase the level of
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probability of failure of system elements to a value
of 0.9705. If the control unit detects a malfunction
that has occurred, the software is turned off and the
brake system is activated. The probability level of
this random P(t) operation is 0.9509, and the braking
efficiency, on the contrary, is significantly reduced.

While determining the failure of the resulting
parametric system based on the values of diagnostic
indicators, we check all possible causes (ie.,
considering the total set of factors as a single one),
the total cost of recovery (adjustment work, scope of
control, etc.) becomes very important.

It is unknown the exact cause (factor) that led to
the loss of the functionality of this system. Therefore,
in order to reduce the cost of detecting a fault, it is
necessary: first, to reduce the cost of identifying
specific causes (or a complex of causes) by means
of preliminary elemental diagnostics; secondly, it is
rational to form a set of verifiable factors [3].

Therefore, it is necessary to develop an algorithm
for the sequence of verification and elimination of
certain controlling factors.

Y,, set the boundary value of the value of
the specific braking force in the system «limit-
permissible». Then the rule for making a decision on
the technical impact is written as follows:

elitmination

To consider at the general scheme for forming a
multi-factor model for finding defects. From figure 4,
it can be seen that in the mixed period with the initial
set of different factors (reasons for which diagnostic
parameters exceed acceptable values) {F%}, there is a

Cost structure for determining factors Cost structure for eliminating Many initial factors Actually combination of
(diagnostics) factors (repair) factors
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Figure 4 — Possible scheme for forming indicators for a multi-variable model
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probability of their manifestation P{F%}.

In addition, the appearance of an individual fac-
tor Fi leads to an increase in diagnostic parameters
by a random variable A _ (in %), the characteristics of
which(mean Al and variance Di) can be determined
from experimental data.

Let's assume that the operating time before the
defect occurs is subject to the law of exponential
distribution, then the probability is equal to P(F%) [3]:

P(Fi)=1-¢" (4)

here A are the indicators of the distribution law (in

this case, the intensity of the coefficient F%);

l; — average time between factors.

During this period, one or more factors may occur.
At the same time, the degree of influence of each fac-
tor on the final result is unknown, so it is necessary to
build a mathematical model that correctly describes
the process under study. The task of this model is to
determine the degree of influence of various factors
on the studied parameters.

In general, the form of this dependence can be
expressed by the regression equation of the form [64]:

Y= @10y s 21, ey 2y W), (5)

there y — optimization indicator, in particular, an
indicator that characterizes the technical state of
the system;
Z1, .., T, — factors, i.e. controlled, independent

variables (each factor can have multiple values or

levels in practice);

21, .., Zm — variables that affect parameter

optimization are unmanaged.

The regression equation and the constraints
imposed on changes in variable factors are called
a mathematical model. A mathematical model is a
representation of the most important aspects of the
process. The variety of combinations of arguments
and determines the surface of the answer (the function
under study). It can be assumed that the functions in
the space under consideration are linear and can be
expressed by regression of the form:

y=bxtbho+bx+ .. +bx, = z bix;, (6)
i=0

there b; —model coefficients that indicate the degree of
influence of this factor on the response function (for
example, its own braking force); the residual method
describing the average value of the response function
at by—z;=0; z,="fixed variable, equal to one.

Quantitative values of the factor (zi, o, ..., z,,) are
determined by experimental data, and the coefficients
(b1, b, ..., b,) that can be said about the effect of each fac-
tor on the essence are calculated using experimental
planning methods [6].

Figure 5 shows a block diagram of the model
of reliability management of the transport system,
which affects traffic safety.

Optimization of management of the technical condition of systems affecting
traffic safety in order to maintain their operability at the required level when
performing maintenance and repair works

la
v‘

Specific braking force of the axle wheels in the brake system. and the frequency of
vibrations of the wheels on the front suspension. making a decision on the
necessary control effects in case of deviation of diagnostic indicators from the
range of values before sending, optimization of management of the technical
condition of systems affecting traffic safety in order to maintain their operability
at the required level during maintenance and repair

v

Optimization of management of the technical condition of systems affecting traffic
safety in order to identify the reasons that led to the departure of diagnostic
indicators from the range of permissible values, in-depth diagnostics is carried out

Measures to determine the origin of the defect

\ 4

Measures aimed at eliminating detected defects

y

Monitoring the effectiveness of actions performed

Figure 5 — Flowchart of the expansion reliability of the car system affecting traffic safety
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Conclusion Safety Systems is a very relevant issue, as it made

The development of an effective system for | it possible to monitor the technical condition of the
evaluating the effectiveness of vehicles based on a | vehicle and predict safe working hours in advance.
comprehensive method of diagnostics of Vehicle
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*aemop-koppecrnoHOeHm.

AHOamna. Makana Kesnik KypandapsiHa OUA2HOCMUKAbLIK aKNapam HezisiHoe mexcey cyleciH #aHe a8moKesik
KypandapbiHbiH nalidanaHy ¥ardalielH KaMmamaceiz emyo0iH muimoi xylieciH azipneyee apHanraH. Aemomobunsboepodi
Hesniee WoiFapy KoagpuyueHmiHiH memeHoi2iHeH 0a1apObiH Mypbln KAayblHAH KYHOenikmi WolfblHOAp MUAAUOH MeH-
2emeH ecerimesnedi. Tokman KanyoblH Hezizei cebenmepiHiH 6ipi-KAHAGFaMMAaHAPbIKCbI3 MEeXHUKAAbIK #aFoal. As-
MOKenikmepoi MexHUKAbIK HAFbIHAH HAKCbl #arFdalioa ycmay KyHbl macbiMaandayobiH #asnbl KYHbIHAH 15-20%-0b1
Kypaliosl. Kenik KypandapsiHbIH KayincizdiziH kKammamacei3 emy xylienepiH OuazHocmukanayoslH KeuleHOi adiciHe He-
2iz0eneeH. Kenik KypandapsiHelH muiMmOinieiH 6aranaydsiH muimoi xcylieciH azipaey eme e3ekmi macesne 60s6in maboi-
1a0b1. On1 MexHUKabIK #ardaliobl 6aKblAAYFa HAHE KAYIMNCi3 #YMbIC yaKbIMblH aaA0bIH aaa 60X ayra MyMKiHOIK 6epoi.

Kinm ce30ep: KeniK, Ko3rasbic Kayincizdiei, mexcey xcylieci, byrammayra Kapcel xcylie, Kabinemminik, duazHoCcmMuka,
Kepcemkiuw.

OuyeHKa KOHCMpPYKmMueHol HadexHocmu mopmo3Holi cucmemeol, enusrowjeli Ha 6e30nacHocMb OOPOHCHO20
dsuxceHusa

1¥}{YMABEKOB Alidap Temupzaanuesuy, M.m.H., cmapuwuli npenooasamens, aidar_7478@mail.ru,
2bbIKAZJOPOB Cepezeii AnekcaHdposud, 0.3.H., npogeccop, byser@ngs.ru,

IABAPAXMAHOB Mycmagha Camamosuy, mazucmpaHm, abrakhmanovmustafa@gmail.com,
KapazaHduHckuli mexHuveckuli yHusepcumem, Kazaxcmad, 100027, KapazaHada, np. H. Hazapbaesa, 56,
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*aemop-koppecrnoHOeHm.

AHHOmMayusa. Cmamea nocesaweHa padpabomee sghghekmusHoUl cucmemsl obecrnedeHuUsA SKCnayamayuoHHo20 cocmo-
AHUA A8MOMPAHCIOPMHbIX CpedCme U mopMO3HOU cucmemMsl Ha 0CHo8e dua2Hocmu4Yeckol UHGOpMayuu Ha MPAHC-
rnopmusie cpedcmsa. M3-3a HU3K020 KoagguuyueHma 8bi800a asmomobuneli Ha AUHUK exceOHe8Hble 3ampamsl om
UX Mpocmos paccyumeol8arOMcA 8 MusAUOHAX meHze. OOHA U3 OCHOBHbIX MPUYUH OMKA3a — Heyo0oesnemeopumesbHoe
mexHu4yeckoe cocmosaHue. Cmoumocme COOepPXaHUS A8MOMPAHCIOPMA 8 MEXHUYECKU XOPOWeM COCMOAHUU coOCmas-
naem 15-20% om obweli cmoumocmu nepesosxku. OCHO8AHA HA KOMI1/1eKCHOM Mmemode duazHOCmMuKuU cucmem obecrie-
YeHua bezonacHocmu MpaHcnopmHeix cpedcma. OueHb AKMyasnbHbIM 80MPOCOM A8/8emcsa pa3pabomka spgpekmus-
Holi cucmembl OUEeHKU 3hdheKmuBHOCMU MpPaHCrnopmHsix cpedcms. OHA 103801U710 KOHMPOAUPO8AMb MexXHUYeCcKoe
cocmosHue u rnpedckazame b6e3onacHoe paboyee spems.

Knrouesowle cnosa: mpaHcriopm, b6e3onacHocmeo 06UJ+(€HUFI, MmOpPMO3HAA cucmema, GHmU6ﬂOKUpOBO'4HCIﬂ cucmema,
CI'IOCO6HOCf77b, duaeHochKa, MNOKA3aHUA.
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