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MATHEMATICAL MODEL OF INDEPENDENT DEPARTURE OF A
VEHICLE FROM A ROLLER BRAKE STAND AFTER TESTS

Due to the fact that with the great competition of technical inspection points, there
is a need to increase the efficiency of the lines of technical control of road transport.
Technical control lines are a whole range of diagnostic equipment designed to assess
the technical condition of motor vehicles. The efficiency of vehicle technical control
lines is understood as the number of vehicles per unit of time.

Roller stands for diagnosing brake systems of motor vehicles are widely used in
the automotive industry. To date, the issue of increasing the efficiency of diagnosing
the braking systems of road transport by increasing the reliability and accuracy of
the diagnosis is relevant in this area.

The purpose of this article is to provide a mathematical description of the
process of a motor vehicle leaving a roller brake tester. The developed mathematical
apparatus makes it possible to determine the condition for the independent departure
of motor vehicles from the stand, taking into account the values of the traction force
and the force of resistance to the departure of the rollers of the stand. During the
research, methods of analysis and mathematical modeling were applied. The obtained
research results can be used to develop software for the operational calculation of
the brake tester parameters.

Keywords: car, brake stand, diagnostics, technical control, traction force,
resistance forces

Introduction

The intensive growth in the number of vehicle inspection centers (VIC) and car
service enterprises operating in a highly competitive environment necessitates the
choice of the structure of technological equipment and methods of organizing work,
improving and simplifying the technological process to achieve the best results of
economic efficiency.

The complexity of vehicles and their diversity in terms of designs requires the
modernization of test equipment for technical control lines to reduce the total service
time in conditions of intensive in-line organization of vehicle diagnostics.
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Under these conditions, the issue of developing a method for improving the
performance of the line of diagnostic control of cars, expressed in the number of serviced
cars per unit of time, is relevant.

Car technical control lines are designed to check the technical condition of cars
and trucks, as well as buses. Technical control lines are completed with all necessary
equipment, quality certificates and all necessary documentation for work [1-6].

Materials and methods

Technical control lines are divided into 4 main types: stationary, mobile, mobile
and mobile-block. The most common LTK: stationary and mobile. Stationary LTKSs are
diagnostic equipment installed in a floor or recessed version. Mobile LTK is a universal
container station for working with cars [8].

The stationary line of technical control allows you to identify any deviations in
the operation of vehicle components from the normative ones with the possibility of
displaying the results on a monitor.

The main advantage of these lines is that you can choose any acceptable option for
both indoors and outdoors, which significantly reduces its cost.

The technical control line necessarily includes the LTK program, pre-installed
on a computer, which collects and processes data that enters it through wireless
communication adapters or is entered manually by the operator.

At the exit of the car from such a line, its complete diagnostic card is received in
the form of an analytical summary, which can be printed out or left in the computer’s
memory. The line installed in the CTO will be in demand not only for technical control
of cars, but also for the use of auxiliary diagnostic operations when servicing cars
(Figure 1).

The basic element of a standard set of equipment for a stationary vehicle technical
control line is a brake stand and a set of additional diagnostic devices: a four-component
gas analyzer, a smoke meter, a headlight intensity tester, tire pressure gauges, a backlash
detector, a steering backlash meter, a glass light transmission meter and other devices.

Figure 1 — Schemes of organizing the process of diagnosing cars on
the technical control line
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With the help of all this equipment, the brake system and steering complex are
diagnosed, exhaust gases are analyzed (for a correct assessment of the fuel combustion
system), glass light transmission is measured, the condition of the wheels (suspension
play) and other indicators are checked.

It should be noted that a lot of publications are devoted to the study of the issue of
increasing the efficiency of the technical control line (LTC). For example, the authors
of the article [9] developed a mathematical model of the LTK operation to optimize the
structure and characteristics of the testing equipment.

The average values of the number of cars in a certain interval obtained in the course
of the statistical analysis were chosen as input parameters of the model. As part of the
research, the authors considered 5 options for organizing diagnostic lines:

1) one-station single-beam line;

2) two-post single-beam line;

3) three-post single-beam line;

4) six-post two-beam line;

5) a five-post two-beam line.

Based on the numerical values of the mathematical expectation [9-11]:

M(n)=Ym - p 1)

failure probabilities [9—11] :

2)

a mathematical dependence was obtained to determine the absolute capacity of the
production line [9-11]:

€)

As aresult, the authors of the article [9] came to the conclusion that the most rational
option for the location of diagnostic equipment corresponds to a five-post two-beam line.

Another work is devoted to optimizing the parameters of a roller brake tester for
diagnosing vehicle brake systems [12].

The purpose of this work is to determine the rational characteristics of the roller
brake stand, ensuring a stable position of the car on the stand. Using the method of
mathematical modeling, the authors obtained a mathematical inequality characterizing
the condition of non-ejection of a vehicle:
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The research results make it possible to minimize the loss of time for the installation
of wheel chocks and, thereby, increase the throughput of the diagnostic control line.

Based on the high relevance of research topics, as well as the results of the literature
review, the author has identified a new direction for improving the efficiency of the
diagnostic line.

As practice shows, after the completion of tests on a roller brake stand, a problem
arises associated with the independent departure of the car from the stand. This creates
certain time losses in the conditions of the in-line organization of the process of
diagnosing cars. To date, this problem is mainly solved through the use of lifts, which
has many disadvantages.

As an option, the authors have developed a stand design (Figure 2) with the
possibility of varying the position of the rollers, the relative displacement of which
helps the wheels of the driving axle of the vehicle overcome the «obstacle force» of the
rollers. The main components of the stand include a frame, two pairs of rollers, electric
motors and measuring devices, an eccentric, a wheel support, an eccentric shaft, an AC
motor, a flange coupling, an electromagnet, a brake disc, a pressure disc, a spring that
provide the ability to vary the position of the rear rollers, in depending on the geometric
and weight characteristics of the car in order to stabilize the latter on the rollers of the
stand. When an electric voltage is applied, the rotor shaft of the AC motor rotates the
eccentric shaft 6. In this case, the electromagnets 16 attract the pressure disks 13 under
the action of electric current, overcoming the resistance of the springs 24. This ensures
unhindered rotation of the brake disk 14, which is rigidly mounted on the shaft with a
keyed connection. The eccentric shaft, acting with its eccentricity on the wheel support
1, contributes to changing the position of the rollers. Structurally, this is ensured by the
movable base 7 (steel sheet located on the support frame), on which the bearings 3 of
the support rollers are permanently fixed.
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Figure 2 — Design of the developed brake stand

The front side of the base is pivotally fixed on a fixed axle, and the opposite side,
through the wheel support, is subjected to the action of an eccentric. After establishing
the required displacement of the rear roller, the current supply to the electric motor stops,
and the mechanism for fixing the required level of the roller A/ is activated. This is
realized by the two-sided action of the pressure discs on the brake disc by means of the
elastic force of the springs.

However, there are no theoretical and experimental studies to determine the value of
the change in the height of the roller, sufficient for the departure of the car. The results
of the research can be of practical importance for the development of an automated
stand that can adapt to the parameters of the car and automatically set the necessary
geometric characteristics of the roller stand, corresponding to the condition of the
independent departure of the vehicle after testing. In this article, the authors propose a
mathematical model that allows you to determine the condition for the car to leave the
stand on its own after completion of the tests.

Results and discussion

In this article, the authors propose a mathematical model that allows you to determine
the condition for the car to leave the stand on its own after completion of the tests.
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The running drums of the Power brake stand (PBS) support-roller device with a
radius 75 have a circular cross-section with centers at the points K, and K, (Figure 3),

and perceive at the points C, and C, the load G, of the driving wheels of the vehicle
with a radius 7 with a center O, . The wheels of the rear axle of a car with a weight

Gaz centered O, on a flat surface (Figure 3).

The center distance L of the rollers and the vertical offset /# of the rear roller are
the optimized geometric characteristics of the stand.

According to the accepted assumption, the rollers have a protrusion S from the

1
floor level corresponding toS = 21‘5 .

Figure 3 — Design scheme PBS

The algorithm for solving this optimization problem includes determining the
initial angular variables by considering the corresponding right triangles AK, MO, and
AK,M O, (Figure 3).

a, = arctg[g:—MJ (5)
K,M
= 15 R S
P = are g(OIM—O,MJ ©)

The geometric parameters K, M =1[,, K,M =1, and O,M , given in formulas (1)

and (2) and definedas /, =/, = L , O,M =/(r, +r, ) —1} take h =0 into account the
displacement of the wheel centef O, from the initial position under the condition % > 0

. In this case, the relation /, </, is true.
The position of the center O, of the car wheel is determined by the coordinate method,
taking the center of the front roller K . (0;0) as the origin. K, (x2 ; yz) - coordinates of
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the rear roller center. O, (x,; y, )- coordinates of the wheel center, determined from the
system of equations of circles:

(7)
The solution of system (3) determines the coordinates of the point :
2 2 2
(x—x3) _(y_J’3) =Ty (8)

Having determined the coordinates X3 and Vs, the current values of the legs of
right-angled triangles AK, MO, and AK, M O, are calculated:

=1 (5 - x) ©)
L =1, +(x3 —xé) (10)
OlM/:OlM+(y3+y§) (1

Guided by the laws of theoretical mechanics, it should be stated that at the points of

contact between the wheels of the diagnosed axle and the rollers C, and C, asaresult
of the distribution of the vertical load of the front axle G, , support reactions Ry and
R7 directed along the radius of the wheel occur [12].

At the points of contact of the second axle, located on a flat surface, normal
reactions occur, numerically equivalent to the weight of the car falling on the second
axle R., =G, .

The condition for the independent departure of the car will depend on a number
of factors, in particular, on the traction and geometric characteristics of the car and the
geometric parameters of the stand.

One of the main traction properties of a car is its power [15]:

N=P -V (12)

where P — is the traction force of the car, H
V' — the speed of the car leaving after the test, m/s.

The mathematical condition for the car’s independent departure will be written
as an inequality, which compares the numerical value of the traction force of the car
(taking into account the «obstructing (departure) force» created by the rollers) and the
weight of the car falling on the free (in the case of a front- or rear-wheel drive car) axle
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or axle located on rollers (in case of diagnosing an all-wheel drive vehicle). Depending
on the traction characteristics of the vehicle, the following special cases are possible.
Case 1 is a front-wheel drive car. In this case, the exit condition will look like this :
Depending on the traction characteristics of the vehicle, the following special cases
are possible.
Case 1 — a front-wheel drive car. In this case, the exit condition will look like this:

N-cosa, - f

>G,, 0, /o (13)

Case 2 — rear wheel drive vehicle:

N-op, -cosa, -
Gal'f‘l< ?, . H, f (14)

Case 3 — four-wheel drive vehicle:

N-cosa, - f >N~¢)2 -
V V

To test the obtained analytical dependencies, we will conduct a computational
experiment (Table 1). The following vehicles will be selected for testing:

(15)

Table 1 — Data computing experiment

Ne | Vehicle brand | Vehicle power | W h e e 1| Vehicle weight | Drive
diameter

1 Lada Largus | 79 kW 626 mm 1849 kg (906 | front-wheel
kg - front, 943 | drive
kg - rear)

2 Shevrolet SS | 312 kW 669 mm 1803 kg (910 | rear wheel
kg - front, 893 | drive
kg)

3 VAZ 2121 59 kW 406 mm 1285 kg (650 | four-wheel
kg - front, | drive
635kg - rear)

For the computational experiment, the technical characteristics of the STM-3500
brake tester located in the laboratory «Maintenance and repair of vehicles» of the
Competence Center in the field of motor transport operation will be used. The technical
characteristics of the stand are given in the table 2.
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Table 2 — Technical characteristics of the stand STM-3500N

Parameter Unit Value
Brake force measurement range on the diagnosed kN 0-10
axle
Axle mass (weight) measurement range kg 0-3500
Power consumption kN kg kW mm 7
kg mm kg hail

Overall dimensions of the roller mm 2340x680x290
Roller weight kg 500
Power cabinet overall dimensions mm 400x155x1100
Power cabinet weight kg 20
Operating temperature range degree -30 to +50

Conclusions

The calculation results are shown in the table 3.

Table 3 — The calculation results

Neo | Vehicle brand | Drive Left side of | Right side of Departure
the inequality | the inequality condition
1 |Lada Largus |front-wheel 135,8 N 17,1 N Yes
drive
2 | Shevrolet SS |rear wheel 324,54 N 54,03 N no
drive
3 | VAZ-2121 four-wheel | 264,32 N 43,12 N no
drive

Thus, the condition of independent departure is fulfilled only in the first case.
Therefore, to ensure the car’s departure from the roller stand, it is necessary to change
the geometric characteristics of the stand, reducing the value of the relative vertical
displacement of the rollers. The mathematical model developed by the authors will make
it possible to determine the condition for the independent departure of the car and can
be used as the basis for a computer program for automatic control of the roller stand.
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. Cepik6aes [Isrpic KazakcTan TEXHUKAIBIK YHHBEPCHUTETI,
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Marepuan 6acmara tycti 16.09.22.

CBIHAKTAPJAH KEHIH KOJIIK K¥PAJIBIHBIH POJIUKTI TEXKETTII
TIPEI'THEH JEPBEC IIBIFYBIHBIH MATEMATHUKAJIBIK MOJEJII

Texnuxanvix Oauxay nyHKmMmepiHiy YIKeH OoceKeiecmicine OalllaHblCmbl
aBmomMooUNb KONiciH MeXHUKAIbIK OaKbliay icenilepiHiy muimMoiniein apmmolpy
Kaosicemminiei myvlH0aowl. Texuuxanvix Oakwvliay diceriiepi — aA8MOKOIIKMepOiH
MEeXHUKANbIK Hca20alvly 6azaniayaa apHaizan OUAeHOCMUKALbIK HCAOObIKMApObIH
mymac KeuteHi. ABMOKOAIKMI MEXHUKANBIK OACKapy diceniiepiniy muimoiniei yaxpim
Oipnicindeei KonikmepOiy canvl peminde mycinineoi.

Aemoxkenikmepoiy medicey KHcylieiepin OUASHOCMUKALAY2d APHAN2AH POIUKMI
cmeHOmep asmomodunb 6HepKociOinde KeineH KonoaHnbLiaovl. bByzinei manoa ocwl
canaoa OuazHOCMUKAMbIY CeHIMOLTIZl MeH 0d10I2iH apmmblpy apKblibl A8MOMOOUb
Keniciniy meoicey dcylienepin OUaeHOCMUKAAAY MUIMOLTIZIH apmmulpy Moceneci
o3exmi O0bIN OMBIP.

byn maxananely maxcamvl — ponuxmi meogiceziul  CoIHAYWBIOAH UWBIKKAH
ABMOKONIKMIY NPOYECiHiy MAMeMAmUuKaIblK CUNAmmamacvin Oepy. O3ipieHzeH
MAMeMamuKaiblK annapam mapmuim KyWiHiy MOHOEPIH HCoHe mipey poIuKmepiniy
Kemyine KapcoliblK KYWiH eckepe Omblpbln, A8MOKONIIKmMepoiy CmeHOmeH mayeicis
wblzy ancaz20aiibli aHbIKmayaa MyMKIHOIK 6epedi. 3epmmey OapvlcblHOQ MAnday
JHCOHE MAMeMAmUKAIblK, Mooeivoey odicmepi KOnOaHbLIObl. AnvlHean 3epmmey
HOMuUDICENePin medce2iul CblHA2bIW NApaMempiepin ONepayusivlK ecenmey yuin
baz0apramanvlk KAMmamacslz emyoi a3ipaey ywin natioaianyaa 60aaosi.

Kinmmi ce3dep: asmomobuis, mesicey cmenOi, OUASHOCMUKA, MEXHUKATIbIK
baxwiaay, mapmy Kyuti, Kapcoliblk Kyumepi

*C. P. baiizepees
Bocrouno-Ka3zaxcranckuii Texunueckuid yausepcuteT umenu Jl. CepukOaesa,
Pecriybnuka Kasaxcraw, r. Ycrb-Kamenoropcek

MATEMATHYECKASA MOJEJIb CAMOCTOSATEJIBHOI'O BBIE3JA
ABTOTPAHCIIOPTHOTI'O CPEACTBA C POJIMKOBOI'O
TOPMO3HOI'O CTEHJIA IIOCJIE UCITBITAHUIA

Bcneocmeue moco, umo ¢ 00160l KOHKYpeHyuel NyHKMO8 MeXHU4ecKo2o
ocmompa, nosAeusemcs NOmpeOHOCmb 6 yeerudeHuu dIgexmusnocmu  AUHUL
MEXHUYECKO20 KOHMPOISL A8MOMOOUILHOZ0 MpaHchopma. JIunuu mexHuueckozo
KOMMPONA — npedcmaeisiiom  coboll  yenvlli  KOMHIEKC — OUASHOCMUYECKO20
000py006anUs, KOmMopvie NPeoOHA3HaueHvl Ol OYEHKU MEXHUUeCK020 COCMOSHUA
agmomobunvroeo mpancnopma. 1loo s3¢pexmusHocmvio MuUHULL MEXHULECKO2O0
KOHMPOJIA A8MOMPAHCHOPMHBIX CPEOCHE NOHUMAEMCS KOIUYeCME0 a8momooduel
8 OUHUYY BPEMEH.
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Ponuxosvie  cmendvl 01 OUACHOCMUPOBAHUSL  MOPMO3HBIX — CUCHEM
ABMOMOOUBHO2O MPAHCHOPMA HAXO0OAM OYEHb WUPOKOE NpUMEHeHue 6 cgepe
asmomobunecmpoenus. Ha cecoouswnuii Oewv axmyanbHoiM 6 3mou cgepe
AGAAEMCST BONPOC NOBGLIUEHUSL IPPEKMUSHOCTU OUACHOCMUPOBAHUS MOPMO3HBIX
cucmem agmMoMoOUIbHO20 MPAHCNOPMA C NOMOUBIO NOGLIUUEHUS OOCHOBEPHOCMU U
MOYHOCIU NOCMAHOBKU OUACHO3A.

Lenv oannoti cmamovu 3aKIOUAECS 8 MAMEMAMULECKOM ONUCAHUU NPOYyecca
6b1€300  ABMOMOOUILHO20 MPAHCHOPMA C  POJIUKOBO20 MOPMO3ZHO20 CMEHOd.
Paspabomannviii mamemamuyeckuti annapam no3eo0Jsem Onpeoeiums yciogue
CAMOCMOAMENbHO20 8ble30d ABMOMOOUILHOZ0 MPAHCHOPMA CO CMEHOA, YHUMbIEAs.
SHAYeHUsl CULbL TS2U U CUTIbL CONPOMUBTEHUS 8ble30Y POIUKamu cmenoa. Bo epems
npogedeHUst UCCAEO08AHUL ObLIU NPUMEHEHbI MemMOoObl AHANUZA U MAMEMAMUYECKO20
mooenuposanust. Ilonyuennvie pesyrbmampl UCCACO08AHUL MO2YTN Oblb NPUMEHEHbL
onst  paspabomiu  RpoOSPAMMHO20 00eCneyeHUss No ONePaAmuUGHOMY pAcyemy
napamempos mopmo3Ho20 CMeEHOd.

Kouegule cnosa: asmomodunsb, mopmo3Hol cmeno, OUaeHOCMUKA, MeXHU4eCKuil
KOHMPOJb, CULA MS2U, CUTLbL CONPOMUBTEHUSL
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