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Abstract

There are theoretical and practical results in the article witch clearly show a lot of problems with
modern brake testers and measurement procedures of diagnostic variables. First of all, present brake
testers have a low measurement repetition performance of the same car on the same tester. Second of
all, the impact of tests on the systems of cars, which are performed on the brake testers, doesn't fit the
conditions in which road control tests of vehicles are done. The method of measuring also greatly
influences the cars diagnostics quality on the brake testers. Value of errors may achieve 20% in
generally. Also there are some ways of solutions these problems and new brake testers to diagnosis
ABS and car brake system together when the car initial braking speed is from 40 km/h and higher
without extra energy consumption in the article.

Key words: brake tester, diagnostics, errors, consistency of data, measurement repetition.

Safety is a fundamental problem of the automobile transport industry. This problem has been
especially relevant for the last few years because the vehicle fleet keeps increasing annually and there
is no sign for the decrease of its growth.

Motorists' concern of the safety issues immediately followed the appearance of quite a large number of
vehicles on the roads and when the first road traffic accidents took place. The causes of the accidents
were different, but the majority of them had to do with one of the car systems malfunctioning. One of
the main safety indicators was and still is the braking effectiveness of a car.

At present, the widest spread diagnostic method of vehicle brake system effectiveness is the platform
method, which includes the use of power brake platforms with rollers.

The current platforms with rollers, which were designed back in the 50's of the last century, didn't
essentially change, with the exception of connecting them to computers, which allows information to
be processed on the programming level. This upgrade significantly simplified the diagnostic processes
of cars, but didn't eliminate the fundamental shortcomings, which are inherent in the power methods of
platform control.

First of all, present brake platforms with rollers, which are used for diagnosing car systems, have a low
measurement repetition performance of the same car on the same platform. Figure 1 shows the
distribution histograms of the measured values of the braking force on the right and on the left wheels
of a Toyota Corolla car, when it is tested on the platform with rollers.
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Fig.1. Distribution of braking forces on the front axle wheels of a Toyota Corolla when on the roller
brake platform: a — left wheel; b — right wheel; 1 — function of normal distribution; 2 — function of
normal distribution with the rotary platform.

Second of all, the impact of tests on the systems of cars, which are performed on the roller platforms,
doesn't fit the conditions in which road control tests of vehicles are done.

For instance, the tests of bus brakes on the road revealed that 50% of buses didn't stand the road test
where they couldn't meet the standard value of deceleration and exceeded the linear side deflection
when braking, whereas when tested on the up-to-date platforms with rollers, the results were positive.

The analysis reveals that the rollers of the platforms which are used at present, have a radius from 90
to 1000 mm. The wide radiuses dispersion of rollers (in comparison with the road) causes a significant
difference of the conditions in which wheels interact with the platform rollers. The research shows that
when the radius of the platform rollers extends, the measurement errors of the forces decrease (fig. 2).
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Fig. 2. The dependence of specific braking force on the speed and the diameter of the platform rollers
(coefficient of adhesion is Qm.x = 0,8): a — when the braking wheel doesn't travel; b — when the
braking wheel travels.

The biggest values of radiuses are allowed in the platforms which are used for the conduction of
research, in order to provide the best compliance with the road conditions.

The distance between axles of the platform rollers also influences the quality of measurements. The
research reveals that when the distance between the axles of the platform rollers increases, the
measurement errors of the forces also increase (fig.3.).

Traveling of the car while being diagnosed leads to the change of the normal forces dependence.
According to the research, when there appears braking wheel traveling on the rollers, specific braking
force changes.
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Fig. 3 The dependence of specific braking force on the speed and on the value of the center-to-center
distance between the rollers (coefficient of adhesion is @u.x = 0,8): a — when the braking wheel
doesn't travel; b — when the braking wheel travels.

The platforms with operational purposes are often given significantly smaller radiuses of rollers with
the intention to limit the overall dimensions and in order to obtain the most possible transitive relations
between the wheels and the rollers (in order to increase the speed of rollers rotation and the load
devices connected to the platforms).

Since rollers in different platforms have very different values of radiuses, common indicators can not
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be used for the vehicle technical evaluation because the most important condition of objectivity isn't
provided — invariability of the performance conditions. The test results, which were gained from
different platforms, also can not be compared.

Despite the different statements of the question in discussion, the theoretical research, which has been
conducted in this field, gives mostly an approximate understanding of what is going on with the tyre in
the moment when the wheel interacts with the roller.

The known data in this field, published earlier, didn't provide the analysis which could reveal the
possible influence of the curvature of the seating surface due to the fact that the biggest part of the
research was conducted on the platforms either with a flat seating surface or with a big radius of the
rollers or on the roads.

A double-seat scheme is used in the platforms with operational purposes. It means that one wheel sits
on two rollers (fig. 4). One fact is very important here, it's that one of the rollers (pos. 1 on the fig. 4)
on the braking platform is an active one — it's situated upfront and in the direction in which a car drives
up the platform. The second roller (pos. 2 on the fig. 4) is passive. The reason why they are called so is
simple, when the wheel interacts with the front and the back rollers on the platform, it loads the front
one with normal force more than the back one. That's why the front roller is called active and the back
one passive.

Fig.4. The scheme of the car wheel braking process on the platform rollers.

However, as the research reveals, when every wheel of the car sits on two rollers, the type of forces
interaction in the 'car-platform' system changes significantly. So, when the wheel sits on two rollers,
the area of contact (in comparison with the road) decreases significantly (up to 30%). And the
installation of automatic wheels between the rollers with the following self-regulation isn't done in full
measure when a certain inaccuracy (when the axle of the car isn't parallel to the axles of the rollers) of
positioning exists.

When the car braking system is being diagnosed on the platform, the car sharply shifts along the
rollers, even when the steering wheel is insignificantly steered. During the process of car diagnostics
in such conditions it's practically always occurs that, at least, one wheel of the car can touch the ring-
off roller (if it's available) or reach the edge. That can cause extra errors which should be considered
when the relative difference of braking forces is being defined.

That's how the research helped to ascertain the dependence of the relative difference in braking forces
of the axle wheels which is caused by mutual no parallelism of the car axles and the platform when its
seating rollers have different diameters (fig. 5). It's been ascertained that when the axles are
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nonparallel only for 3° and when the roller diameter is 0,2m the relative difference can reach up to
30%.
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Fig. 5. Dependencies of the relative difference in the braking forces of axle wheels when mutual no
parallelism of the car axles and the brake tester when its rollers diameters are being varied. (coefficient
of adhesion is Qyaxo = 0,8).

As a rule, there's also a closed circuit in the platforms with rollers which generates a power flow that
passes through the rollers. They are connected with each other by the platform circuit on one side and
by the car wheel on the other one. Braking forces performance leads to longitudinal traveling of the
car. Therefore, kinematic discordance will be in the power flow, which means that there will also be
an extra power flow which is obtained as a consequence of the wheel radiuses (distances from the
center of the wheel to the seating surface of the first and the second one) in equation among
themselves.

The whole point is that, the similitude of the conditions, which imitate the rolling of wheels on the
road and on the platform, can not be characterized on the basis of the similitude principle.

That's why, in order to compare test results, which were obtained on the different platforms, we need
dimensionless characteristics, which would be able to characterize vehicle behavior in road conditions
depending on the change of the point of tire contact. They could characterize it as functions derived
from the deformation value (bend) for different types and sizes of tires on different roller platforms.

The method of measuring braking force and the load on the axle along with the calculation method of
deceleration or specific breaking force also greatly influence the cars diagnostics quality on the
platforms with rollers.

According to the conducted overview of methods applied in different platforms, the platforms having
been produced by different manufacturers, the indicators of deceleration or specific braking force are
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computed based on the braking forces, which were measured at the moment of automatic shut down of
the platform electric motors or at the moment when maximum permissible effort on the controlling
braking system element was reached, the effort is reached by the expression given:

m,-g Gy (1)

where Y F v the sum of braking forces; m,, — car mass; 8 — the free fall acceleration; G, — car

weight.

In-turn, none of the normative documents regulate the measuring methods of the normal load on the
wheels, the axle of which is being diagnosed on the platforms with rollers.

Manufacturers of platforms with rollers include the principle in the platform computer software. It's a
principle of measuring the normal load Gg; on the axle before diagnosing the braking system (static
method) and further consider this load as a constant one (fig. 6). But as the research reveals, the
normal load Gg; changes during the diagnostics and it has a significant influence on the value of

braking forces, because the coefficient is FX(t) = GK o P2 fortiori and influences on the

calculation of y; (fig. 6).
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Therefore, an error of calculation and dispersion of the measured values of specific breaking force y
may occur because of the ill-defined measurement of the normal load on the car axle being diagnosed
and doesn't take into consideration its change at the moment of defining the maximum braking force
F,:. The error may reach the level from 27,5% up to minus 7,16%.

The experimental research has been conducted in the following sequence. The car is mounted on the
platform with rollers, according to the operations manual. It is mounted with its front axle wheels, it
should be prepared according to the requirements of the normative documents. The mode - the
measurement of breaking effectiveness was chosen in the software of the platform computer. After
the command "brake smoothly", the robot pushed on the pedal that operates the braking effort. As a
result of this, the braking of wheels happened and also the measurement of the braking forces F;,
normal load on the axle Gy; and the force F), were pushing on the brake pedal. All the measured
parameters were registered by the platform computer and by the measuring complex in real time.
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Multiple research was conducted. It was focused on the front car axle braking on the platform with
rollers. The car hand-brake system was activated and with the wheel blocks installed under the back
axle wheels. That multiple research revealed:

1) When there is an increase of braking forces, a temporal increase of normal load on the wheels of
the axle, which is being diagnosed, is observed. It happens as a result of the longitudinal traveling of
the wheels along the platform rollers and deformation of the elastic elements in the car suspension.
And then its value sharply decreases, as a result of the counteraction of braking reactions to the normal
load on the vehicle braking wheels (fig. 7). In consequence of the things mentioned above, the
blocking of the axle wheels, which is being diagnosed, passes ahead and the platform electric motors
shut down. Concordantly, potential car braking characteristics are not realized. The pattern of the way
load changes toward the seating rollers from the diagnosed axle, influences the braking force value,
thereafter, it also influences dispersion of its measured values;
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2) At the moment when the platform computer measures braking forces (the moment when the
platform electric motors shut down as a result of reaching the point where wheels spin-out Sy value
~0,25), the error of the normal load (the normal load which was defined in the static mode) on the
wheels of the diagnosed axle in comparison with its actual value (the actual value is based on the 50
measurements) it reaches interval from minus 77,8% to plus 0,8% (fig. 8). We'd like to remind you
that according to the normative documents it should be not more than +3%;

3) The error of the calculated specific braking force or deceleration gives from minus 21,5% to minus
7,2%.
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Judging by the results of the research, it seems that it would be necessary to additionally limit car
traveling against the platform rollers in the horizontal direction. Thus, we exclude unloading of the
wheels of the diagnosed car axle during the braking on the platform with rollers. However, the fixing
of the car, either in a horizontal or in a vertical direction, didn't give positive results. The error of the
normal load (the normal load which was defined in the static mode) on the wheels of the diagnosed
axle in comparison with its actual value (the actual value is based on the 50 measurements) reaches an
interval from plus 0,1 % to plus 3%. This complies with the requirements of the normative documents.
But the error of the specific braking force calculation is in an interval from minus /0,8 % to minus 5%
which doesn't comply with the requirements of the normative documents.

Thus, the error of defining the specific braking force or deceleration is caused by the inaccurate
measurement of the normal load on the axle and by the lack of accountability of its changes in the
moment of defining maximum braking forces.

The results of the conducted research prove that application of the factory measurement method (fig.6)
and calculation of the force parameters on the platforms with rollers, give big errors.

Grounding on the results received, we can make a conclusion that there is a necessity to measure the
normal load on the diagnosed axle in the dynamic mode.

We developed the measurement method algorithm of force parameters in dynamics on the platforms
with rollers. We have also conducted its experimental evaluation.

This method (fig.9) represents the process of braking as a dynamic one. That means that there is a
constant registration of such parameters as load on the axle Gyy, braking force Fi)(Giy,¢) and
spinning-out S,. Concordantly, when maximum braking force is diagnosed, load on the diagnosed
axle is measured along with it.
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Fig. 9. The algorithm of the improved measurement method of the force parameters on the platforms
with rollers.

Realization of this method in the operational conditions requires car fixing to prevent its traveling.
Fixing can be done only with the wheel blocks when diagnosed on the platforms with rollers.
Concordantly, there will not be extra time consumption significant to the conditions of mass
production.

For instance, if unloading of the diagnosed axle happened while braking, consequently, the realized
tangential reaction decreased. So, if we do a calculation of the specific braking force or deceleration,
and we do it with the use of the values of diagnostic parameters, which were obtained in the dynamics
according to the suggested method, we will obtain an objective result. The error of that result will
comply with the normative documentation. But if the normal load was changed in the static mode then
by using specific braking force yx (this value is bigger than its actual one) in calculation, we will
obtain an underestimated result. Its error will not comply with the requirements which were revealed
in the results of the research.

Certain conclusions about the anti-blocking system (ABS) are necessary to be mentioned. On the one
hand, ABS is an extra car option and it doesn't always function. On the other hand, ABS functions in
critical situations, so people's lives and safety of goods depend on its functioning. That's why the
present approach of the separate control of the braking system technical condition and ABS is flawed
(fallacious). Because with existing control methods, which are conducted at the speed of 2-4 km/h, a
qualitative evaluation of braking system technical condition and ABS is impossible.

It's necessary to develop new effective methods of braking system control with the functioning ABS
on the platforms.

The suggested control method is grounded on defining the integral parameters of the braking process
control of the car with functioning ABS on the platform with rollers:

=tJI

1. To evaluate car braking effectiveness — average value of specific braking force 1 i
K =
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where R, T the average value of the braking process of the realized tangential reaction on each of the

car wheels; 5@ - the average value of the braking process relative to the weight of the car parts which
put pressure on every braking wheel;

K — the number of car wheels.

2. It is expedient to evaluate car stability, when braking with functioning ABS, with the help of

relative difference of axle wheels braking forces K .- The relative difference was calculated based on

the average values of realized tangential reactions obtained during the braking process Ry. The

Rxlcﬁ__ eright| 100%’

X max

reactions were measured on every wheel of the diagnosed car axle: g -

where Rx max - the crest of average values of realized tangential reactions obtained during the

braking process on the left R . and on the right R wheels of the diagnosed car axle.

X left x right

3. It is rational to evaluate the ABS regulation quality, while going through the car braking process,

_ -1 &
based on the average values of the relative spinning —out S : S = E Z S IT

where S j - the average value of spinning out for one car wheel.

The less S, the more accurate and timely ABS reacts to the braking mode change of the car wheels. It

also regulates the process of braking more accurately. And otherwise, the more S the more rough
ABS reaction toward the braking process and as a sequence, the reaction is less accurate and adequate.

It's reasonable to use the parameter S only along with the parameter ¥ which considers car braking
effectiveness with the functioning ABS.

The range of change significant in the slipping of A4S and the realized tangential reaction AR, are
grounded for more accurate ABS regulation quality evaluation, while going through the car braking
process.

4. It's rational to base the velocity control of car braking systems with ABS on the time measurement
t, — from the moment when the working braking system controller is pressed on to the moment of
reaching the specific braking force of its normative value. It’s regulated by the All-Union State
Standard (GOST)

P 51709-2001.

The conducted analysis helped formulate the basic requirements. They are the qualifying standards for
the control method of the braking process of the cars with functioning ABS when they are tested on
the platforms with rollers. The method should provide:

- synchronous spinning of all the seating rollers on the platform during all the braking process;

- continuous measurement of braking forces, normal loads, specific braking forces, angular
velocity, angular velocity and slipping. All of the mentioned above should be done individually for
every breaking wheel during the whole diagnostic process;
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- the speed of rollers spinning, without intensifying power of the platform actuating source,
needed for ABS functioning;

- the exclusion of temporal measurement errors and kinematic parameters of the braking process
which are connected with the wheels torsional vibrations;

- the possibility of simultaneous diagnostics of all the braking car wheels;
- the possibility of the car weight redistribution between its axles;
- the uniform scaling of the seating rollers spinning on the platform when braking;

- a minimally possible number of friction assemblies in the power circuit in the the area — from
the point of braking force application to the measuring sensor;

- the measurement systems errors which do not exceed the standards requirements;

- the use of integral indicators for the evaluation of the breaking process quality of the cars with
functioning ABS.

The fully supporting braking inertial roller platform (fig. 10) was designed and made according to the
requirements. The platform rotating mass acceleration is provided by the propulsion of the diagnosed
car. Noncontact magnetostrictive sensors provide braking forces measurement on every braking
wheel.
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Fig. 10. The scheme of the fully supporting braking inertial roller platform:

1 — non-movable platform, 2 — movable platform, 3 — supporting roller, 4, 6 — chain belts, 5 — rotating
mass, 7 — chain coupling, 8 — magnetostrictive sensor of decelerating torque, 9 — angle countershaft, 10
— multiple-splined prop shaft, 11 — inductive sensor of the supporting roller angular velocity, 12 —
inductive sensor of the car wheel angular velocity (ABS standard sensor), 13 — weight sensor, 14 —
force sensor on the brake pedal, 15 — amplifiers and conversion devices module, 16 — ADC (analog-
digital-converter), 17 — computer.
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Time dependences of the realized tangential reactions R, on the car wheels, angular velocity of support
rollers w,, and wheels w,. When a TOYOTA COROLLA braking system with functioning ABS was
tested on the developed braking platform.
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Fig. 11. Oscilloscopic picture of a TOYOTA COROLLA braking process with functioning ABS on the
fully-supported roller brake platform (front axle).

It was also revealed that ABS doesn't work if separate diagnostics of axles is done, i.e. if during the
diagnostics process one or more wheels of the axle, which are not diagnosed, are non-rotatable. It
happens because there is an absence of signal in the ABS electronic control package from the angular
velocity sensors of the non-rotatable wheels of the vehicle axles which are not diagnosed. That is why
there's no possibility to control brake processes of the multiaxle vehicles with functioning ABS in the
conditions provided by the platform.

To provide the effective control of a multiaxle vehicle with ABS, the basis of a construction was
conducted and a single-platform inertial tester with rollers was produced. It allows conduct
consecutive diagnosing of every axle anti blocking system of the multiaxle vehicle. The kinematic
platform scheme is provided on the Figure 12.

An electric motor with the phase-wound rotor 16 having a capacity of 40kW is used as an actuating
device. It provides the testing mode of vehicle brake system diagnostics when the car initial braking
speed is from 5 to 70 km/h, which is quite enough for effective ABS testing. (It provides it with the
help of liquid rheostat 15 and mechanic gear reducer.) From figure 1 we can see that the electric motor
16 drives rollers 2 by cardan drives 13, chain belts 5 and rotating masses 14. The rollers have a ribbed
surface. Rotating masses 14 provide kinetic energy storage in the mode of platform rollers
acceleration. And its expense they maintain the wheels rotation of the diagnosed axles during the
process.

The emulator 10 construction of non-rotatable wheels braking process of the vehicle axles, which
aren't diagnosed, with ABS function was developed. It was done for adequate ABS operation during
the braking system diagnostic process of multiaxle vehicles on the single-platform tester.
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19 20 21 22 Fig. 12. — Structural scheme of the
e W e — A i
\\‘ \\ § %’/ | 7 developed platform and vehicle
8 L L e =" / 1 — single-platform brake tester; 2 —
Ty ___2;: S rollers; 3 — wheels angular velocity

N amplifiers

Doformars sensors of the diagnosed vehicle axle;

4 — rollers angular velocity sensor; 5 —
chain belts; 6 — brake pedal force
sensor; 7 — switched off wheels
angular velocity sensors of the axle
which isn't diagnosed (or more than
one axle) 8 — VEHICLE; 9 — wheels
of the axle which isn't diagnosed (or
more than one axle) 10 — emulator; 11
— emulator angular velocity sensors;
12 —ECM (electronic control module)
with ABS pressure modulator; 13 —
cardan drives; 14 — fly wheels; 15 —
liquid rheostat; 16 — electric motor;
17 — mechanic gear; 18 — brake forces
magnetostrictive sensors; 19 — wheels
load sensors of the vehicle diagnosed
axle; 20 — amplifiers and conversion

devices module; 21 — analogous-
digital conversion; 22 — personal
computer.

Application of all the methods, sequences and equipment mentioned above will allow for movement to
a new level of the modern vehicle technical check up.
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