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Research of the vacuum brake booster working process

The creation of a laboratory installation was carried out with an aim to ensure the study of the working proc-
esses and characteristics of vacuum boosters as a part of hydraulic brake drives for vehicles with a gross
weight of up to 3.5 tons for civilian usage, and armored vehicles with a gross weight of up to 8.5 tons desig-
nated for service and combat missions. Theoretical researches in this direction have been previously carried
out by a number of scientists of the Department of “Automobiles” named after prof. ‘Gredeskul A.B. in
Kharkiv National Automobile and Road University, the results of which have been highlighted in,a number of
scientific papers. Comparison of the results of theoretical studies with the experimentalyones, réceived on the
laboratory setup and suggested in this paper, according to the experimental method®described in the article,
using the created electronic signal processing complex and sensor unit, made it possible to establish a dis-
crepancy between theoretical and experimental studies within 6%. Thisseemplex for experimental research
was created for the first time, thus allowing to obtain the results that confirm the theoretical studies of the
vacuum boosters of the brake drive of cars, as well as revealed a number‘af,dépendencies between the weight
and overall parameters of the under research unit, along with the fiumber of functional relationships between
the structural components of the vacuum boosters, which enables'tg significantly optimize its design.

Keywords: vehicles, active safety, brake system, vacdumrake ‘hooster, static and dynamic characteristics,
experimental research, technique, equipment.

Introduction

An analysis of the state of traffic safety i the world in general [1] and in Ukraine in particular [2] indi-
cates the need for an urgent solution teghe,prablems of accidents. A significant number of road traffic acci-
dents occur due to insufficient activessafety of vehicles, which is significantly determined by the efficiency
of the vehicle braking system [3-5].

The vacuum brake booster lIs.the"most common service device for the brake systems of cars and light-
duty vehicles [6, 7], the operatiomof which is provided both in the sectors of the national economy and in the
automotive equipment=ef the National Guard of Ukraine. The efficiency and quality of its work largely de-
termine the ergonomic gonditions and the effectiveness of the brake control [8, 9] and, ultimately, the active
safety of the car [6, 10].Recently, the vacuum booster is increasingly not only a device for reducing the
force on the brake pedal; but also an automatic device that corrects the actions of the driver (anti-lock brak-
ing system (ABS) and a motion stabilization system (ESP) [11], an emergency braking system Brake Assist
(BAS) [12], etc.), which simplifies driving (preventive safety systems [13], energy recovery systems in hy-
brid and electric vehicles [14, 15], etc.). Therefore, improving the working process of the vacuum brake
booster is the most important task to improve the active safety of the car.

The relevance of the topic lies in the fact that in order to reduce the accident rate of vehicles in the
process of braking, it is necessary to implement a number of measures in the field of research support to im-
prove brake drives [16—18]. One of these areas is the development of methods for the development of effi-
cient vacuum brake boosters, which are produced in Ukraine. Currently, this is hampered by insufficient
knowledge about their operational processes, as well as the lack of scientifically based generalized criteria
for evaluating effectiveness [19-23].

Research objectives:

— study of working processes in a two-chamber vacuum amplifier;

— determination of static and dynamic characteristics of a two-chamber vacuum amplifier;

— comparison of theoretical and experimental results.
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To achieve the goals set, the following tasks were solved:

— development of experimental research methodology;

— creation of an experimental facility;

— development and preparation of a measuring and recording complex based on a modern element base;

— implementation of a complex of experimental studies provided for by the program;

— processing the results of experiments and performing their analysis.

Object of the research — the working process of the vacuum brake booster.

The subject of the research is the increase in the efficiency of vacuum boosters of the brake drive.

Research methods. Methods of generation, selection and analysis of information were used to determine
the state of the problem and to set the research objectives. In experimental studies of the working processes
of vacuum boosters of the brake drive, the method of full-scale experiment was used.

The scientific novelty of the results obtained is that: for the first time, a structural analysis was carried
out and the relationships between the elements of a vacuum amplifier were determined, which made it possi-
ble, using the proposed criteria, to determine its rational structure; regularities of interaction of structural
elements and their influence on the working process, as well as the efficiency of vacuum boosters of the
brake drive have been clarified.

A number of scientists of the Department of “Automobiles” named after A.L. d.t.s.,prof. Gredeskula A.B.,
at Kharkiv National Automobile and Road University, have made a range of resear€hes'which are reflected in a
number of scientific papers [8, 24-28]. Comparison of the results of theoretical studigssobtained in these works
with the experimental ones obtained on the laboratory setup suggested in thisawork, according to the experi-
mental method described in the article, using the created electronic signal preeessing complex and a sensor
unit, made it possible to establish a discrepancy between theoretical apd“experimental research within 6 %. To
study the working process of the vacuum brake booster, a special instaflation was developed and created. The
installation contains a system for supplying energy to a vacuum amplifier (vacuum) and an input signal forma-
tion mechanism (compressed air), an amplifier load and a measuring complex.

The energy supply system allows you to create, control"and maintain the required level of vacuum in
the vacuum cavities of the amplifier. The input signal“generation mechanism provides the necessary level
and nature of the force change on the amplifier pusher. This mechanism is a pneumatic chamber with an ad-
justable throttle at the inlet. To study the static characteristics, the pneumatic chamber is replaced by a lead
screw. The main brake cylinder connected to the arake mechanisms is used as a booster load.

Improving the design, as well as the wegking:processes of the units and apparatus of the hydraulic brake
drive of a car, is based on the results,of itheoretical and experimental studies. The reliability of theoretical
provisions fully depends on the level ofexperimental research. Theoretical studies carried out by the authors
in [8, 24-28] required experimental{confirmation, as a result of which it became necessary to create a special
installation for studying the worKing‘pracess of a vacuum brake booster.

The developed mathematieal*model is based on the results of analysis and synthesis of the constituent
elements of the Vacuum bgake'pooster, using a gas dynamic model. Features of the working process are con-
sidered taking into account“the gas-dynamic model shown in Figure 1. In accordance with the scheme of
Figure 1. Vacuum brake baoster has a body divided by a partition into two chambers. The chambers are di-
vided by pistons into cavities 4, 5, 8 and 9. The cavities 9 and 5 are permanently connected to a vacuum
source.

The connection of cavities 4 and 8 depends on the mode of operation. The air resistance between the
cavities depends on the cross section of the throttles /7,, /I, and /..

The mathematical model of the dynamic state of the pusher has the form

FT+FKH_MT'X.T_kT‘(XT_X1)_FA_FB_FTP_FHZO' (]_)

During the movement of the pusher, the force from the FKH valve remains unchanged. The friction
force of the pusher relative to the piston is non-linear

Frpy -Sign(X; — X,) if X, # X,
Fopy = Lo .
Fp, =0if X, = X,.

The relative displacement of the pusher and piston leads to the actuation of the switchgear and the mass
flow of air into the atmospheric cavities has dependence

Ga = fa P, 'pr : (0(0) . (3)

(2)
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Figure 1. Scheme of the gas-dynamic model of a two-chamber Vacuum brake ooster

The expenditure function (o) is taken in the following form

1-6°
= a y 4
#(©) \/2-k-(aa—lnca) “
and the resistance coefficient of the atmospheric valve
2
&, :0,55+4-[%—0,1]+0,176-[S—aj . (5)

The following assumptions are made in the modeliyrarefaction in vacuum cavities is constant, and the
temperature regime is also unchanged.

A change in pressure in atmospheric cavitigs leads®to the formation of additional forces on the booster
pistons. Since the pistons in the investigated, VVacuum brake booster do not have a rigid connection, when
developing the model, it became necessary=to €onfirm the hypothesis about the movement of the pistons
without separation from each other dugingthe Working process.

To theoretically confirm this hypothesis, the equations of the dynamic state of the piston of the first
chamber

M, - X, REEX PR =S, AP+ fr, - (X = X )+ R +S, (P, — P,,), (6)

replaced by an equation for the reaction of the dynamic component of the force of the second piston. The
condition for the absehte oficontact break is the value for the reaction between the pistons R>0. This condi-
tion is met by the followingrelations:

Sl'(Pla_Plb)+ le'(XT _X1)+FHP_(Sy_Sw)'(Po_Ph)'*'Sy'(Po_Plb)_ fl'Xl_Ml'Xlgo’ (7)

Sl'(pla_ plb)+ le'(XT _X1)+ an _(Sy_sm)'(po_ pb)+sy(p0_ plb)_ fl'Xl (8)
M, '

The results of the calculation of expressions (6), (7), (8) using the Simulink application of the
MATLAB environment [29] in the form of a graphical dependence of the reaction between the pistons dur-
ing braking are shown in Figure 2.

The above dependence theoretically confirms the hypothesis of the movement of pistons without sepa-
ration from each other in a two-chamber vacuum booster.

Given the confirmation received, the mathematical model of the two-chamber Vacuum brake booster is
simplified. The model, which takes into account the masses of individual pistons, has been converted to a
single-mass model.

The force on the pistons is formed due to the pressure difference. The value of pressure in atmospheric
cavities varies depending on the mass flow of air, as well as changes in the volume of cavities in accordance
with the equations:

X, <
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dPlazela_Sl'Fia'Xl.k (9)
dt V,, +S,- X, ’

dp,, :Gza_sz'Pza’Xl.k_ (10)
dt V,, +S,- X,
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Figure 2. Dependence R = f (t)

The connection between the distribution and actuating devices is perfarmed by the tracking device. The
scheme of the most common tracking device is shown in Figure 3.
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Figure 3. Scheme of the studied traeking,device: Xt, Xu, X1 — displacement of the pusher, piston and rod,
respectively; St, Su are the areag’ofireactive washer 1 interacting with the pusher and rod, respectively

During operation of the, Vacutim brake booster, pressure builds up in reaction disc 1. The change in
pressure depends on the relative,position of the pusher 3, piston 2 and rod 4 and can be described by the fol-
lowing mathematical’expression:

EE:[XH(SM—sTyFstT—XM-gH]E

: 11
dt Vo (1)
on the other side
e _F 12
dt S,
where F'S — the rate of change of force on the rod according to the dependence IfS =f (XM) :
In this case, the speed of movement of the rod has the form
Xﬁ-@gﬂ—5;)+X;-ST—QE~Yﬂi
- o E (13)

m
Sll[
The developed mathematical model is implemented in the Simulink application of the MATLAB envi-

ronment. The mathematical model and the method of its implementation make it possible to expand the pos-
sibilities of choosing and optimizing the parameters of promising Vacuum brake boosters.
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Special installation for studying the working process of the vacuum brake booster

This article suggests the development of a modern measuring and recording complex designed for ex-
perimental studies of an automobile hydraulic brake drive with a vacuum booster.

Equipment for research of working processes and characteristics of vacuum amplifiers.

To study the working processes and characteristics of vacuum amplifiers, a laboratory setup was devel-
oped, the block diagram of which is shown in Figure 4.

Vacuum drive

Amplifier Input L
Shaping Object of study, |, Amplifier
Mechanism vacuum amplifier load

Measuring complex

Figure 4. Structure of the laboratory setup

To provide vacuum, a vacuum drive was used, made according to thesselierme shown in Figure 5.

,
) /
/ / / / /
1 2 3 4

/ /

5 6

1 — vacuum pump*2,-= choke of variable cross section;
3 — vacuum receiver; 4 — yacuuim gauge; 5 — uncoupling valve; 6 — check valve

Eigure 5. Diagram of the vacuum drive

As a vacuum pump pos4l i Figure 5, a SO 7B reciprocating compressor unit with an air flow rate of at
least 0.5 m3/min is used. To,maintain the vacuum level, a variable cross-section throttle 2 was used in the
line between pump 1 andaacuum’receiver 3. Receiver 3, with a volume of 20 liters, is designed to smooth
out the rarefaction pulsationssand provide a vacuum reserve. To control the vacuum in the system, VP4-UU2
vacuum gauge is installed.\Vacuum installation allows to obtain a stable level of vacuum up to 20 kPa abso-
lute pressure.

The load of the investigated vacuum booster is a hydraulic drive, consisting of a main brake cylinder of
the “Tandem” type with an inner diameter of 28 mm. Separate cavities of the master cylinder are connected
by flexible hoses to the working cylinders of two drum brake mechanisms. The main brake cylinder and
brake mechanisms are serial components of the brake system of a UAZ-3151 car in civilian design or KrAZ
Cougar for the needs of the National Guard of Ukraine. Visual control of pressure in the hydraulic drive cir-
cuits is carried out by MP4-UU2 manometers with a pressure range of 0-16 MPa, a division value of
0.2 MPa and an accuracy class of 1.5. To register the pressure in the hydraulic drive, a KRT-7 sensor is in-
stalled. The location of the equipment on the experimental setup is shown in Figure 6.
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1 — vacuum brake booster under research; 2 — force sensors; 3 — the main brake cylinder; 4 — manometer;
5 — brake mechanisms with active and passive brake shoes (2 brake mechanisms); 6 — pressure sensor;
7 — screw device for forming the input signal; 8 — movement sensors; 9 — vacuum sensors

Figure 6. Location of equipment in the laboratory setup

On the input side of the vacuum booster, a bracket of increased rigiditysis installed, made in the form of
a straight parallelepiped. The amplifier under study is installed on one of thesbases. On the opposite base, the
installation of loading devices of the amplifier is provided. The bases are €gnnected with pins. A force sensor
is installed between the loading device and the pusher of the amplifier Adoracket for mounting displacement
sensors is fixed on parallel studs. The bases of the pusher and pistonsdiSplacement sensors are mounted on
the bracket, and the movable sensor rods are connected to theybooster pusher and piston. A smaller bracket,
similar in design, is located between the vacuum boosterOutlet,and the main brake cylinder of the load.
There are also sensors for force and movement of the amplifier fod. To form the input signal of the amplifier
under study, two variants of devices are provideds,The first option is mechanical, screw (pos. 7, Fig. 6). It
allows you to consistently set a stable rigid positionof ghe booster pusher. The thread pitch of the screw
pusher is 1 mm. The second variant of the devicé,for forming the input signal of the amplifier is pneumatic.

The characteristic of the load is the dependence of the force on the piston of the main brake cylinder on
its movement. The load characteristic obtaineghon the experimental setup is shown in Figure 7.
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F — force at the entrance of the main brake cylinder; X — movement of the piston of the main brake cylinder

Figure 7. Load characteristic of the vacuum booster
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The general scheme of a pneumatic drive with an input signal conditioning device is shown in Figure 8.

9 b

1 — pressure gauges; 2 — pneumatic chamber type 9; 3 — throttle; 4 — valve for flowing the receiver
into the pneumatic chamber; 5 — valve for setting the pressure in the receiver; 6 — working receiver;
7 — valve for filling receiver 6; 8 — storage tank; 9 — stationary compressor

Figure 8. Scheme of the pneumatic drive of the experimental setup

The composition of the pneumatic actuator Figure 8 includes a stationary compressor 9 with a storage
capacity of 200 I, a working receiver 6 of a laboratory unit with a capacity of 20%¢ pressure gauges 1 for con-
trolling the pressure in the pneumatic drive and the working receiver, as well asfilling valves 7 and flow 4, 5
of the working receiver 6. Pneumatic chamber 2 is installed coaxial to the"pusher of the studied amplifier.
Air is supplied from the working receiver to the pneumatic chamber by,@ manual push-button valve 4. The
filling rate of the pneumatic chamber is provided by a constant-sectiomthrottle 3 installed at the inlet of the
pneumatic chamber.

The placement of the elements of the investigated vacuum,amplifier relative to the load and the device
for forming the input signal is shown in Figure 9.

(%

1 — vacutim booster under research; 2 — load; 3 — pneumatic chamber;
Pi, P,, PB#= displacement sensors; I1;, I1,, 1 — vacuum sensors; V1, ¥, — force sensors

Figure 9. Layout of the vacuum amplifier on the experimental setup

Technique of performing research on the experimental facility

When performing research on the experimental setup, the following parameters of the vacuum amplifier
were measured and recorded:

— force on the pusher;

— force on the rod;

— pusher movement;

— piston movement;

—rod movement;

— pressure (vacuum) in the cavities of the amplifier.

The investigated physical processes require the use of high-precision and high-speed measuring instru-
ments. Processing and analysis of the results is most expediently performed using modern digital comput-
ers (PC). Thus, the narrow specialization of the performed research led to the creation of a special measuring
and recording complex.
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Automated system for measuring and recording complex
of working processes of vacuum brake boosters

Structural measuring and recording complex consist of three parts. The first part includes sensors for
measuring the physical quantities of the studied parameters. The second part consists of pre-processing
equipment, recording and issuing information about the parameters under study. The third part of the com-
plex provides the necessary levels of power supply for sensors and equipment for processing and issuing in-
formation.

Taking into account the technical requirements for the implementation of the experiment and the results
of the analysis of the products of the world's leading manufacturers of measuring equipment, the necessary
measuring instruments were determined and purchased.

Strain gauges model LPX manufactured by Precision Transducers Ltd are used for force measurement.
The experimental setup uses LPX sensors with force measurement ranges F = 0-2500 N and 0-10000 N.

With the help of this complex, you can solve the following tasks:

a) determination of the static characteristics of the dual-circuit master brake cylinder, single-chamber
and double-chamber vacuum brake boosters;

b) determination of the dynamic characteristics of the hydraulic drive and the vacuum brake booster;

¢) determination of the static and dynamic parameters of the working process‘of the vacuum brake
booster.

To solve these problems in the process of research, it is necessary to gbtaininformation on measuring
the forces and displacements of the pusher, the booster rod, the degree ofgval¥e gpening, the level of rarefac-
tion in the working cavities of the booster, and the fluid pressure in the hydraulic brake drive circuits [8, 24,
27]. Based on the analysis of the designs of hydraulic brake drives of cars[6], the ranges of measured values
were determined:

— force on the pedals: 0...500 N;

— force on the pusher: 0...2500N;

— force on the rod: 0...10000 N;

— movement of the rod and pusher: 0...50 mmy

— rarefaction in the working cavities of the amplifierz0...0.09 MPa;

— pressure in the hydraulic drive of the brakes: 0...15 MPa.

Analysis of the products of the world's4eading manufacturers of measuring equipment [9, 20, 22, 23,
30-32] was carried out taking into account’theyratio of functional properties — price. As a result of this anal-
ysis, the following measuring devices Wergyidentified:

— for force measurement, LPXsmodelssensors manufactured by Precision Transducers Ltd (New Zea-
land) with force measurement ratingsup'to 500 N, 2500 N and 10000 N;

— for measuring displacements, precision potentiometric sensors model CLP—13-50 manufactured by
Megatron (Germany);

— for measuringgpkessure Jin the cavities of the vacuum booster BOSCH sensors series 0261230004
(Germany);

—to measure pressuge in the hydraulic drive, the following sensors: strain gauges of the D, MD and
KRT-7 series and the DM 5001, DM 5007 series.

During the development of the measuring and recording complex, the problem of providing various
levels of power supply to sensors and stabilization, different in type (current and voltage) and the level of
output signals, was solved. In addition, the peculiarity of the studied work processes was taken into ac-
count — the measurement and registration of fast and slow processes [33, 34]. For the rational use of the
amount of memory, automatic measurement of the data recording interval was applied depending on the
speed of the process. As a result, a circuit of a special electronic signal processing unit (SPU) was developed.
Designed by SPU, designed for simultaneous use of 12 channels and has the following functionalities:

— ensuring stable power supply of channels;

— noise filtering and signal stabilization;

— calibration of sensors;

— determination and setting of the initial value of the measured parameter;

— testing and control of serviceability of channels;

—automatic mode of measurement and registration of parameters;

—accumulation, reading of parameters and cleaning of the system.
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The structure of one SPU channel and the algorithm of operation of the electronic unit are presented re-
spectively in Figure 10 and Figure 11.

According to the SPU channel structure shown in Figure 10, first, the sensor signal is amplified, stabi-
lized, and digitized. Digital signals are fixed and accumulated. Each channel has the ability to calibrate the
signal using an external keyboard and display the accumulated information.

Signal processing —
ificati Analog to digital Fixation,
Measured Sensor (araplification, comvetter e
parameter ’ stabilization, ete.). > > . |
[ Lnalogue signal of results
[
A
Issuance of
supply Signal calibration
data

Figure 10. SPU channel structure
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sEn50rs

keyhoard Yes A
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Selecting a sensorfor
calibration
Channel control +
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reading the results
from the ADC

[y

autorm atical Analysis rgde: hand +

rmanual ar
autam atic

Display of
measurements
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Data entry for tare with
display

channel

‘Waiting for the

Reading, writing and
outputting data 4

measurement
to start

Caontinue

calibration

di - o Transferring the
Rea Itng.tg-yrltlcr;gtan calibration table of the
outputting data selected sensor to an

* external computer

End of
MEasurement

(]

analysis

C Exit measurements >

End of

measurement

Mo

Choose
another

analysis

SEnLnr

Figure 11. Algorithm of operation of the electronic unit SPU

According to the algorithm (Fig. 11), the SPU works as follows. When the measuring complex is turned
on, the entire SPU periphery is initiated.

After initiation, the sign of connecting an external keyboard is checked. Based on the connection, the
mode of further operation is selected:

— with the connected keyboard the tare mode;

— without keyboard connection — measurement mode.
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In the calibration mode, the system displays information about the calibration with the number of the
sensor and the corresponding channel of the analog-to-digital converter (ADC) on the graphic display.

After starting ADC, the measured value is displayed on the display. The equivalent calibrated value of
the parameter and the command to fix this value by the system are set from the keyboard. Then, the follow-
ing values are fixed similarly until the sign of the end of the calibration process is entered.

After calibration is completed, the measurement mode is set: manual or automatic, and the system pro-
ceeds to control the ADC channels. Then the connection and serviceability of sensors is checked with visual
control of information on the display. After testing the sensors, the system analyses the operating mode:
manual or automatic. Manual mode provides for viewing the measurement result on the display. ADC chan-
nels are triggered by a process start signal. Information is read from them and written to the random access
memory (RAM) of the controller. The measurement results are displayed if necessary.

Measurements in automatic mode are performed similarly to manual ones, but the results are accumu-
lated in blocks in the form of numerical arrays in RAM for further use for processing on an external PC. The
SPU electronic element base is combined on three boards, as shown in the block diagram of Figure 12.
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Figure 12. Block'diagram of the measuring complex

The measuring complex, the block diagram of which is shown in Figure 3 has nine channels with sen-
sors, signal processing unit (SPU) withykeyboard, display via PC interface. To study the working process of a
vacuum amplifier, it is necessary,ta\khow the change in the level of rarefaction in the cavities, the change in
the forces on the pusher and rad, the coordinates of the movement of the pusher, piston, rod.

The board | of the contrelleg, is designed to control the entire measuring complex and has an interface
connection with a PCgRhegontreller is based on the ATMEGA 128-16 AC microprocessor.

For communieation*with external devices, I/O and storage of temporary data, a rewritable Flash pro-
gram memory moduléts used.

The measuring system for communication with PC has three interfaces RS-232, RS-485 and USB. The
RS-232 interface scheme is based on the ADM 202 EAN chip. The RS-485 interface is based on the MAX
487E CPA chip. For USB communication, the FT 245 BM-FTDI chip is used.

The measurement results are displayed on the BG12864A GPLW graphic display.

Board Il ADC contains 12 independent analog-to-digital channels. Each channel is based on AD 7492
AR-5 chips.

The signals from the sensors are pre-processed on the electronic unit 11l. The sensor signal normaliza-
tion and scaling unit contains LM 358 operational amplifiers. The pre-processed signals from the sensors
enter the switch, are processed at the voltage limiter, and then go directly to the ADC. All ADC channels are
launched simultaneously, then each of them is selected using decoders and read into the controller's RAM.

The complex is powered by DC voltage 12V. Power supply of the sensors is from the signal processing
unit with a voltage of 5V.

The non-linearity of the output signals of pressure, vacuum and force +0.2 %. Non-linearity of motion
signals +0.3 % and resolution <0.01 mm.

The overall dimensions of the signal processing unit are 140x120x60 mm. Weight is 0.38 kg.
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To measure the force, LPX Precision Transducers with measurement limits of 2500 N and 10000 N are
used. The combined error of the sensors is 0.1% and the allowable overload is 150 %.

The movement of the pusher, piston and booster rod is measured by CLP-13-50 sensors. These sensors
have a resolution of less than 0.01 mm with a linearity tolerance of up to 0.7-1.3 % at a travel speed not ex-
ceeding 5 m/s. Such accuracy is sufficient to estimate the relative movement of the pusher and piston, rod
and piston.

The installation of force and displacement sensors does not require changes in the design of the vacuum
booster.

The research facility is equipped with three vacuum sensors BOSCH series 0261230004 with absolute
pressure measurement limits from 20 to 100 kPa. When studying the working process of two-chamber vacu-
um amplifiers, rarefaction sensors are connected to both atmospheric cavities and the vacuum cavity. In the
case of a single-chamber amplifier study, only two vacuum sensors are used. Connecting the measuring cavi-
ties of the vacuum sensors to the corresponding cavities requires a change in the design of the amplifier
housing. It is quite simple to do this by making axial holes in the corresponding bolts for fastening the ampli-
fier and the main brake cylinder.

The layout of the sensors on the installation is shown in Figure 9, and a general view of the setup and
sensors is shown in Figure 13.

-~

Figure 13. Automated system for measuring and complexigeording of working processes of vacuum brake boosters

Results afiexperimental researches

Before the experiment, the sensors,afe calibrated, the elements and parameters are set, which determine
the initial conditions and characteristicsyof the input action in accordance with the research program. After
starting the control program on the PC, the input signal conditioning device is activated. Registration of
changes in effort, rarefactiongand displacements is automatically recorded in the memory of a personal com-
puter in the form of a matrixywith“@quantization of 0.1-100 mls. The quantization level is set before the ex-
periment, depending on the speed of the process.

After the experiment, thesresult is presented on the computer monitor as a graph Fi =f (t), which can be
used to evaluate its qualityJAn example of an “electronic oscillogram” is shown in Figure 14 a. Processing of
the matrix of experimental data is carried out in the EXCEL software. In this case, it is possible to construct
graphical dependences of the function under study on time or any other process parameter (Figure 14 b).
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a) “electronic oscillogram”; b) dependence of the force at the output of the amplifier on the input force

Figure 14. The results of processing the results of the study

Cepusa «dusmka». 2024, 29, 1(113) 53



M. Sklyarov, O. Shapovalov et al.

The name of the data matrix file is assigned automatically and represents the time of the experiment.

To obtain information about the operation of the vacuum amplifier, a dosed force was applied to its in-
put (pusher). The dosing of the force in terms of magnitude and speed was provided by changing the pressure
in the pneumatic chamber 3 (Fig. 9). In the processes of imitation of braking and releasing, the following
were measured: the movement of the pusher, piston and rod; force on the pusher and rod; pressure in vacuum
and atmospheric cavities. As a result of the created processing technique, absolute and relative data on the
parameters of the workflow were obtained.

The study of the dynamics of the working process was carried out with a consistent study of the influ-
ence: liquefaction in a vacuum cavity; force on the pusher; the rate of force application to the pusher.

The general view of the experimental dynamic characteristics is shown in Figure 15.
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a) displacement X = f (t); b) rarefaction,P5*="f (t); c) efforts F = f (t); d) pressure in the load drive RG = f (t);
X, Xm, Xur — displacement ofithe pusher, piston and rod, respectively; Pb, P1, P2 — change in pressure
in the vacuum cavity and @tm@spheric cavities; Fr, Fut — force on the pusher and rod, respectively

Figure 15.°General view of the obtained experimental dynamic characteristics

As a result of the experiments performed, it turned out that:

— the vacuum lewel practically does not affect the time of the braking process;

— the pressure equalization time in the vacuum and atmospheric cavities increases with an increase in
the initial rarefaction;

— the braking process reduces the rarefaction in the vacuum cavity by an average of 6 kPa;

— with a decrease in the rate of effort on the pusher from 0.04 s to 0.3 s, the time for changing pressure
in atmospheric cavities decreases by 0.2-0.24 s.

The theoretical position on the joint movement of the pistons without separation from each other is con-
firmed by the ratios of the movement of the pusher and the rod Xt>Xm. The influence of the rate of braking
on the parameters of the working process Vacuum brake booster is shown in Table.

Also previously unknown data on the relative motion of the pusher, piston and rod, depending on the
deformation of the follower element was obtained.

Subsequent experimental studies were carried out with the location of the brake system in full on the
stand with the inclusion of the Vacuum brake booster created by it. The developed measuring and recording
complex were used at the stand. The following parameters were measured: the force on the brake pedal and
its movement; pressure in the hydraulic brake drive and pressure in the vacuum and atmospheric cavities
Vacuum brake booster. The results obtained indicate minor deviations in performance due to the influence of
the braking system. The errors of the static characteristics do not go beyond the recommended limits, and the
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dynamic characteristics confirm the high level of tracking action. The difference between the experimental
and theoretical results when compared does not go beyond 6%. Comparison of the experimental dynamic
and static characteristics of the Vacuum brake booster with the theoretical ones is shown in Figure 16.

Table

The results of the study of the influence of the rate of input action
on the working process of the vacuum amplifier

Process parameters Parameter value

t7; — time of change of force on the pusher | 54 | 5 03 | 0.09 | 0.00 | 0.0 | 0.26 | 0.28 | 0.29 | 0.30 | 0.32
from “0” t0 Frpax, S

t3; — time of pressure change in atmospheric

s . : 0.75|0.64 | 0.75| 0.76 | 0.68 | 0.35 | 0.20 | 0.48 | 0.30 | 0.46
cavities during braking, s

t;;3 — time of change of force on the rod

oo 0.82 | 0.72 | 0.80 | 1.00 | 0.80 0.48 | 0.40 | 0.52 | 0.50 | 0.46
from “0” t0 Fyman S

At — release delay, s 0.18 | 0.12 | 0.20 | 0.17 | 0.15 | 0.16 | 0.15| 0.12 | 0.18 | 0.09
tus —t31, S 0.07 | 0.08 | 0.05 | 0.24 | 0.12 0.13 | 0.20 | 0.04 | 020 | O
Pz — initial vacuum level, kPa 28 54 22 32 36 24 32 56 44 67
Frmax — maximum force on the pusher, kN 24 |25 |24 |25 |24 240 "25\ | 25 |24 |25
F 1iimax — Maximum, force on the rod, kN 72 |54 |76 |69 |64 75 6.8 52 |60 |44
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Flgure 6. Comparison of experimental and theoretical characteristics

The developed settyp can be used not only to study the characteristics of the working process of vacuum
amplifiers, but also to certify each manufactured amplifier. At the same time, each manufactured unit will
have a serial number, a real characteristic, a release date, etc., which will make it easy to identify the product
and detect fakes.

Conclusions

1. The existing assessment of the efficiency of amplifiers is carried out according to one parameter —
the gain, which is understood as the ratio of the output force to the input force. This approach is logical,
mainly when there is no energy supply from an additional source, that is, the amplifier is considered as an
energy converter. This approach does not allow us to evaluate the efficiency of amplifiers on vehicles with
different masses. The developed set of criteria for evaluating the efficiency of vacuum boosters of the brake
drive made it possible to comprehensively evaluate the effectiveness of vacuum boosters.

2. As criteria for evaluating the effectiveness, it is proposed to use:

— criteria for evaluating the work of a unit of mass and unit of volume, which is the ratio of the work at
the output of the amplifier, respectively, to its mass and building volume;
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— criteria for evaluating the power of a unit of volume and unit of mass, which allow us to evaluate not
only the compactness of the amplifier, but also its speed;

— coefficient of compliance and specific idling of the booster pusher, characterizing the layout volume
of the pedal drive.

3. The use of the proposed set of criteria made it possible to find ways to reduce the volume and mass in
the amplifier design by 30-40% compared to analogues.

4. The created measuring and recording complex is used for bench studies of the characteristics of vac-
uum amplifiers.

5. Work continues to improve it, aimed at using it to obtain output passport data in the production of
brake system units, in particular, vacuum boosters.

6. In the future, with appropriate modifications, the created complex is supposed to be included in the
automation system for managing the work processes of vehicle units.

7. The practical use of the results obtained is aimed at achieving a social effect on improving the work-
ing conditions of drivers and increasing the active safety of cars.
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H. Cxusipos, A. lllanosainos, I1. Yepuenko, A. KopHes,
A. Kamkanos, B. Kamkanos, B. Kyuepyk

BakyymMabIK Texeril KyIIeHTKIIUTIH JKYMBIC IIPOLECiH 3epTTey

3epTxaHalblK KOHABIPFBIHBI JKacay TOJNBIK Maccachl 3,5 TOHHara [JeWiHri a3aMaTTblK MaKCaTTarbl
ABTOMOOMJIBJICPIH THIPABIIMKAJBIK TEXKETill JKETEKTEPiHIH JKOHE KbI3METTIK-)KaybIHIepIiK MiHAeTTepai
OpBIHJayFa apHaJIFaH TOJIBIK Maccachl 8,5 TOHHara JeliHri aBTOOPOHETAHK TEXHHKACHIHBIH KYpaMbIHIAFbI
BaKyyMJBIK KYIICHTKIIITEPJiH J>KYMBIC IPOIECTepi MEH CHIATTAMANApbIH 3€pPTTEey/i KaMTaMachl3 €Ty
MaKcaThIHAA KYPTridiami. byran neitin XapbKoB YITTHIK aBTOMOOWIIB-KONAAphl YHUBEPCHTETIHIH T.F.1.,
npod. A.b. I'pemeckyn arbiHZarsl ABTOMOOWIb KadenpachlHBIH OipKartap FalbIMAapbl OCHI OaFbITTa
TCOPUSUIBIK 3epTTEYIIep KYPTiZyMeH aiHaJIBICKaH, oJIapAbIH 0ipa3bl FRUIBIMH XXYMBICTapJa KOpiHIC TallKaH.
TeopusIbIK 3epTTeyIepIiH HOTHXKEIEPIH OChI )KYMBICTA YCBIHBUIFAH 3€pPTXaHAJbIK KOH/ABIPFbIJA OPHATBUIFAH
9KCHEPUMEHTTIK ~ KOHIBIPFBUIAPDMEH, MaKajlaJa CUMATTajJfaH SKCHEPUMEHTTIK oficteMe OolibIHIIA,
CUTHAJIJAP/bl OHJCYIH SJIEKTPOH/bI KeLIEHI MEH JaTYHKTEeP OJOTBbIHBIH KOMETiIMEH CAIBICTBHIPY TEOPHSIIBIK
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JKOHE OSKCIICPUMEHTTIK 3epTTeyJepAiH colKecci3miriH 6% IueriHae aHbIKTayFa MYMKIiHAIK Oepni.
OKCIEpUMEHTTIK  3epTTeYylepAi JKyprisyre apHaiaFaH Oyl KelleH aifall peT JKacalabl KoHE
ABTOMOOMJIBJICPAIH TEXKETIl >KeTETiHIH BaKyyMIBIK KYIICHTKIIITEPiHIH TEOPMSUIBIK 3epTTEyJepiH pacTar
KaHa KoiiMail, COHBIMEH KaTap 3epTTEJICTiH TOPanThIH CalIMaK MEeH rabapuTTiK HapaMeTpiepi apachlHIaFbl
Oipkatap ToyeNIUIIKTEepIi, COHOalH-aK BaKyyMIBIK KYIISHTKIIITEpOIH KYpbUIBIMABIK KOMIIOHEHTTEpi
apachIHAaFel Oipkartap (YHKIMOHANABIK KAThIHACTAp[bl aHBIKTA[bl, OYJ OHBIH IH3ailHBIH alTapibIKTail
OHTaWIaHIBIPYFa MYMKIHIIK Oeperi.

Kinm ce3dep: xemik Kypanmapbl, OelceHai KayilCi3miK, TexXey Kyieci, BAKYYMABIK TEXETill KYLIeHTKill,
CTAaTUKAJIBIK )KOHE TUHAMHUKAIIBIK CHIIaTTaMaap, TOKIpHOeNiK 3epTTeyiep, TEXHOIOTUs, KaOabIK.

H. Cxnspos, A. lllanosanos, I1. Yepnenko, A. Kopues,
A. Kamkanos, B. Kamkanos, B. Kydepyk

HccaenoBanue padoyero npouecca BAKYYMHOT0 yCHJINTEJISI TOPMO30B

Coznanune 1abopaTOpHOIl yCTaHOBKH MPOBOAMIIOCH C LIENBIO 0OECICUEHHs MCCIIeIOBaHMs pabouuX Hpolec-
COB U XapaKTEPHUCTUK BaKyyMHBIX YCUIIUTENEH B COCTaBEe THAPABIMYECKIX TOPMO3HBIX IPUBOJIOB aBTOMOOH-
JIel ¢ TOHOW Maccoi 70 3,5 T TpakKIaHCKOTO Ha3HAYEHHS U aBTOOPOHETAaHKOBOM TEXHUKH € TIOJTHOW Maccoi
10 8,5 T, mpenHa3HAYCHHOH IS BBIOJTHEHUS CIy:keOHO-00eBbIxX 3amau. [IpoBengHMeN TEOPETHUECKUX HC-
CJIeOBAaHUII B 3TOM HAIpaBICHUH paHEee 3aHUMAJICS PsJ yIEHBIX Kadeapsl aBTOMOOHICHyUM. I=pa TEXH. Ha-
yk, mpod. A.b. I'peneckyna XapbKOBCKOr0O HallIOHAJIBHOTO aBTOMOOHIIBHO-I0PQIKHOT O)y HIIBEPCUTETA, KOTO-
pble OTpaXKeHbI B UX Hay4HbIX paboTax. CpaBHEHHE PE3yIbTaTOB TEOPETUUCCKUXACOIEI0BaHUI C dKCIEpH-
MEHTAIBHBIMH, [TOJTYYEHHBIMH Ha MpeyiaraeMol B HacTosIIel pabore 1a00paTopHe¥l ycTaHOBKE 110 JKCIIe-
PHMMEHTAJIbHOH METOAMKE, OTNIMCAHHOI B CTATbe, C MOMOIIBIO CO3IaHHOFOWJIGKIPOHHOTO KOMILIEKCa 00pa-
OOTKH CHIHAJIOB U OJIOKA JaTYUKOB, IO3BOJIMIIO YCTAaHOBUTH PACXOXIGHHC TEOpETHYECKUX M IKCIICPUMEH-
TalbHBIX HCCleN0BaHui B mpeaenax 6 %. JlaHHBINH KOMIUICKC AT MPQBCHGHIS 3KCIEPUMEHTANBHBIX HCCIIe-
JIOBaHHM CO37aH BIIEPBBIC M I03BOJIMII MIOJYYHTh PE3YNIbTAThl, KOTOPBIE HE TOJIBKO MOATBEPIKIUIN TCOPETH-
YeCKHe HCCIIeOBAaHNS BaKyyMHBIX YCHJIUTENEH TOPMO3HOTOHPHBEIA aBTOMOOMIIEH, HO M BBISIBUIM PSZ 3a-
BHCHUMOCTEH MEX/Iy BECOBBIMH M Ia0apUTHBIMH IapaMeTPAMU HECICIYeMOro y3/a, a Takke (pyHKIHOHATb-
HbI€ B3aUMOCBSI3U MEXIY CTPYKTYPHBIMM KOMIIOHCHTaMi BaKyyMHBIX yCHJIUTENEH, YTO MO3BOJIAET 3HAUU-
TEJIBHO ONITUMU3UPOBATH €r0 KOHCTPYKLUIO.

Kniouesvle cnoea: TpaHCIOPTHBIE CPEICTBA, AKTHBHASQES0MaCHOCTh, TOPMO3HAs! CHCTEMa, BaKYYMHBIH yCH-
JUTENh TOPMO30B, CTATHUECKUE M IMHAMHYECKHE XapaKTepPHCTHKH, SKCIEPHMEHTAJbHBIC HCCICAOBAHMUS,
TEXHHUKa, 000PYIOBaHHUE.
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