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Abstract: The paper deals with possibilities of assessment
of braking efficiency during evaluation of braking system
at technical inspection of trucks in conditions of the Slo-
vak Republic. The braking efficiency of the vehicle is eval-
uated by measuring the braking forces at the roller brake
tester. The magnitude of these forces also depends on the
loads of the measured vehicle. The paper analyses the re-
sults of the practical tests of the braking efficiency mea-
surement of a truck of category N3 and of a vehicle combi-
nation consisting of vehicles of category N3 and O4. The
analysed vehicle combination was gradually loaded in
four different ways and a special situation was the mea-
surement of the braking efficiency of the tractor itself.
The instantaneous load on each axle was recorded with
portable axle weights. The braking efficiency evaluation
was carried out in accordance with the valid methodol-
ogy, which allows the application of the direct evaluation
method, the method of linear extrapolation, the method of
the reference braking forces and the indicative evaluation.
A vehicle with the same braking system may be assessed
as roadworthy or not roadworthy. This is due to the appli-
cation of different methods of evaluating the braking effi-
ciency and different way of loads at the loading area.
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1 Introduction

The braking efficiency is the ability of the brake to reduce
the vehicle speed up to a possible stop, to maintain a cer-
tain speed of the descending vehicle on a slope, or to keep
the vehicle on a slope [1]. When discussing the braking ef-
ficiency, it is advisable to distinguish which brake system
was built into the vehicle. The construction of the brake
system parts depends on its function. Depending on this,
the braking is divided into service, parking, emergency, re-
lieving, automatic and inertia. During the technical inspec-
tion, the technician not only evaluates the service brake
with its functional parts, but also checks the other types
of in-vehicle braking systems, if vehicle is equipped with
them. These systems differ from each other in terms of con-
struction, therefore the methods of their diagnosis and the
expression of the braking efficiency itself also differ. For ex-
ample, an expression of the efficiency for the service and
parking brakes. Both the parking brake and the service
brake apply a different method of assessing their suitabil-
ity.

The brake system inspections of vehicles of categories
M1 with a maximum allowed mass exceeding 3.5 tonnes,
M2, M3, N2, N3, 03, and O4 are carried out under the con-
ditions of periodic technical inspections on the basis of
Methodical Instruction No. 74/2018 in the Slovak Repub-
lic. The Regulation lays down the procedure for inspecting
these vehicle categories at the roller brake test facilities
for the following control items: service brake performance,
service brake efficiency, parking brake performance and
parking brake efficiency [2, 3].

In order to assess the braking performance of trucks
for the purpose of this paper, the performance and effi-
ciency of the service brake were evaluated. The effect of
the service brake is expressed in the Methodical Instruc-
tion No. 74/2018 [1] by braking ratio. The braking ratio is
the ratio of the sum of the braking forces attained for a
particular type of braking and the gravity of the tested ve-
hicle. Braking ratio is expressed as a percentage. This me-
thodical instruction also sets the minimum braking ratio
value for specific vehicle categories depending on the date
of first registration or the date of their approval and also
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Table 1: The values of prescribed minimum braking ratios. Source: [1]
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Vehicle Minimal Braking ratio Z,,;, (%)
category Vehicles registered for Vehicles registered for the first time before 1.1.2012
the first time since
1.1.2012
N1 50% 40%
M1 58% 50%
and for vehicles without ABS or approved before 1.10.1991 48%
M2 a M3 50% 50%
and for vehicles without ABS or approved before 1.10.1991 48%
N2aN3 50% for vehicles registered for the first time after 1988 45% and for others
43%
02,03a04 45% for semi-trailers, for semi-trailers and drawbar trailers registered for the first time after
50% for drawbar 1988 and 40% for others
trailers

the presence of the ABS system. Vehicles of categories L,
M, N, O, T, R and Ps shall be capable of attaining the pre-
scribed minimum braking efficiency in terms of braking ra-
tio with the service brake. The values of prescribed mini-
mum braking ratios are given in Table 1 [1, 4].

2 The methodology of assessing
the service brake efficiency

The procedure for evaluating the braking efficiency of the
truck’s service brake shall be determined according to the
construction of the vehicle’s brake system, the vehicle’s
control connections and the available brake system data.
In the case of trucks there is a pneumatic system and there-
fore we can follow all four available methods of evaluating
the braking performance: Direct evaluation method, Refer-
ence forces method, Linear extrapolation method, Indica-
tive evaluation method [5, 6].

2.1 Direct evaluation method

The method is based on a direct evaluation of the braking
efficiency of the vehicle without measuring the control air
pressure or brake pressure. The braking efficiency is ob-
tained on the basis of the braking ratio calculated from the
braking forces measured on the roller brake tester on a par-
tially or fully loaded vehicle [5, 7-9].

The braking forces measured at the roller brake tester
shall be used to calculate the braking ratio according Equa-
tion (1) that the vehicle would have achieved under the

same braking forces under load conditions at the maxi-
mum permissible gross mass:

z=10,2. =B 6

Mmc

where:

Z - braking ratio [%)],

2B,; - sum of the braking forces at the circumference of the
axle wheels i [N],

mc - maximum permissible gross mass of the vehicle [kg]
[1, 8, 10].

2.2 Reference forces method

The method is based on evaluating the braking efficiency
of the vehicle by comparing the achieved braking forces
at a defined braking pressure on all wheels of the vehicle
with the reference braking forces data specified by the ve-
hicle manufacturer. This method may only be used if the
necessary brake system data (reference braking forces) are
available and the vehicle is equipped with functional con-
trol brake pressure connections [9, 11-13].

On each axle of the vehicle, the sum of the measured
braking forces on each wheel is compared with the corre-
sponding reference braking force according Equation (2).
If for each axle of the vehicle meet:

Z Bvi 2 Z Bvi (2)

then the service brake of the vehicle achieves the pre-
scribed minimum braking efficiency [1, 10, 14, 15].

At the time of the measurement, the technical inspec-
tion’s information system of did not provide Volvo brake
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reference force data or Schwarzmuller reference brake
force data. That is why it was not possible to use this

method to evaluate the braking efficiency of the semi-

trailer vehicle combination.

2.3 Linear Extrapolation method

This method is based on the evaluation of the dependence
of the braking forces measured on roller brake tester from

the braking pressure measured through the control con-
nections. The extrapolation is applied to a theoretical con-

dition corresponding to the minimum air pressure in the
service brake system with the brake pedal fully depressed

and with vehicle which is loaded to the maximum permis-
sible total mass. In the case of a trailer inspection, the tow-

ing vehicle to which it is coupled in the combination shall
be capable of at least the pressure values prescribed by
the trailer’s manufacturer in the charging and control lives
(generally at least 800 kPa in the charging line and at least
650 kPa in control line).

From the braking pressure values measured on the

roller brake tester, an extrapolation constant ii is calcu-

lated for each axle of the vehicle separately according

Equation (3):
- Pmci — Pni (3)

i .
Pi = Pni
where:
Pmei - minimum service brake circuit pressure on the axle
i at full depressed brake pedal of the vehicle loaded to
the maximum permissible gross weight (kPa). If this is not
known, a p,,; value of 800 kPa shall be used for each axle
of the motor vehicle. In the case of a trailer, a p,,,.; of 650
kPa shall be used for each axle,
Pni - pressure at the beginning of braking applied of the
axle i (kPa); if the beginning of braking applied pressure
value cannot be unambiguously determined during the
measurement, a constant value of 40 kPa shall be used for
the calculation.
pi - braking pressure at which the maximum braking forces
on the axle i in (kPa) have been achieved on the roller
brake tester [1, 6, 16—18].

The values measured on the roller brake tester and

the extrapolation constants of all axles are used to calcu-
late the vehicle braking ratio. This braking ratio is extrap-
olated to the theoretical state corresponding to the mini-
mum braking pressure when the brake pedal is fully de-
pressed, and the vehicle is loaded for the maximum per-

missible gross mass according to the Equation (4):

B, . By,.i, ++-- B, .i
Z=10,ZZ viis D vanlz"' +2_ By, @)
[
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where:

Z - braking ratio [%],

2B,; - sum of the braking forces at the circumference of the
axle wheels i [N],

ii - extrapolation constants of the axle i,

mc - maximum permissible gross mass of the vehicle [kg]

1].

2.4 Indicative Evaluation method

The method is based on evaluating the braking perfor-
mance of a vehicle by achieving all-wheel lock when mea-
suring braking forces on a partially or fully loaded vehi-
cle on a roller brake tester. This method can only be used
if the vehicle being inspected is not equipped with brake
pressure control connections or if the vehicle’s pressure
control connections are not functional and other methods
described in this Guideline cannot be used (e.g. due to
unavailability of inspected vehicle’s brake technical data).
Using the method with reduced friction coefficient of roller
brake tester cylinders surface (e.g. wet) can lead to incor-
rect vehicle evaluation. The evaluation using this method
is only indicative in comparison with the above methods
and corresponds only to the instantaneous load condition
of the vehicle [19-21].

This method is inapplicable in both cases of the vehi-
cles tested, as they are subject to the obligation to be fitted
with control pressure connections as they are registered for
the first time after 31.12.1994 [2, 13, 22].

3 Measurement procedure and
braking efficiency results

The analysis of the service brake efficiency was performed
on a Volvo FH 460 N3 tractor and a Schwarzmiiller SPA /
3EE 04 semi-trailer. The measurements were carried out at
the Station of Technical Inspection in Kysucké Nové Mesto.
The MAHA Eurosystem LKW IW 4 LON measuring device
is used to measure the service brake efficiency in a given
Station of Technical Inspection. The decisive factor in mea-
suring the braking efficiency was the load on the vehicle
by different load distribution variants. We simulated real
performance at the Station of Technical Inspection accord-
ing to generally binding and valid methodologies. When
measuring the load on the individual axles of the vehicle,
we used portable scales of the brand Tenzovahy type PV-10.
It is a system used for control weighing by both state au-
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Table 2: The measured load of individual axles.
Tractor load [kg] Semi-trailer load [kg]

1. axle 2. axle 1. axle 2. axle 3. axle
1. measurement 7 200 10 200 6750 7 000 7 500
2. measurement 7 350 10700 2700 2900 3000
3. measurement 5 450 2 450 6 850 7 350 8150
4. measurement 5700 3350 1550 1750 1950
5. measurement 5500 2500 - - -
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Figure 1: Load distributions: a) Measurement No. 1; b) Measurement No. 2; ¢) Measurement No. 3; Measurement No. 4.

thorities and private companies. The portable scales can
be used in both static and dynamic mode (while driving).

The following load variants of the vehicle combination
were simulated:

— Measurement No.l - Maximum semi-trailer load,

— Measurement No.2 - Load of the front part of the
semi-trailer,

— Measurement No.3 - Load of the rear part of the semi-
trailer,

— Measurement No.4 - Unloaded semi-trailer,

— Measurement No.5 - Tractor without semi-trailer.

The load on the individual axles varied depending on
how the goods were distributed in the loading area of the
semi-trailer. The goods consisted of pallet units with the
same weight of approximately 1.33 tons. The load of indi-
vidual axles of tractor and semi-trailer measured by axle
scales PV-10 are processed in Table 2.

Four load distributions on the semi-trailer simulate
four different cases of load distribution on the loading
area. In Figure 1(a, b, ¢, d) are shown the distribution of

pallet units in semi-trailer. In the case of Figure 1d is an
unloaded semi-trailer and a special case is Measurement
No.5, in which the tractor without an attached semi-trailer
was evaluated.

4 Service brake efficiency results

Table 3 lists all relevant data measured at the roller brake
tester. These data are necessary to calculate the service
brake efficiency by available methods. To calculate the
braking ratio by linear extrapolation, the construction
pressures data of the braking actuator have also been
added. When calculating the brake ratio by direct evalua-
tion and linear extrapolation, it is also necessary to know
the values of the maximum gross weights of the vehicles,
which are 18 000 kg for the tractor and 27 000 kg for the
semi-trailer. The table contains all available information
necessary for evaluating the braking efficiency of the vehi-
cle at the roller brake tester. It is the braking force on the in-
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Table 4: The comparison of Direct evaluation method and Linear extrapolation method.

= Required Direct evaluation method Linear extrapolation Method
@ g braking Total weight of Result - Total weight of Result - Requirement
E g S ratioZ(%) vehicle from the (%) =  vehicle from the (%) = of 30% Pm
= § Certificate of § Certificate of §
= Registration (kg) Registration (kg)
1 50 18 000 52.68 yes 18 000 114.04 yes yes
5 2 50 18 000 53.87 yes 18 000 136.13 yes yes
*g 3 50 18 000 31.18 no 18 000 74.95 yes yes
= 4 50 18 000 36.47 no 18 000 84.47 yes yes
5 50 18 000 28.21 no 18 000 103.02 no
3 1 45 27 000 34.39 no 27 000 48.24 yes yes
© 2 45 27 000 12.18 no 27 000 115.29 no
E 3 45 27 000 35.07 no 27 000 51.06  vyes yes
b 4 45 27 000 7.14 no 27 000 133.42 no

dividual axles, the control pressure in the air pressure sys-
tem, the symmetry of the braking efficiency and the varia-
tion of braking efficiency. The results of the achieved brak-
ing forces and the control pressure are further converted
into a vehicle braking ratio parameter, depending on the
vehicle load, according to the mentioned methods for eval-
uating the braking efficiency of heavy duty vehicles. Ta-
ble 3 shows that incorrect axle load or low axle load also
has a significant effect on the symmetry of braking effi-
ciency and variation of braking efficiency [6, 23, 24]. The
symmetry of the braking efficiency shall not exceed 30%
for each axle, which is not observed in the case of measure-
ments No.2 and No.4 for the evaluation of the axles of the
semi-trailer. The variation in braking efficiency shall not
exceed 10%. The variation in braking performance shall
not exceed 10%. This value was also exceeded in case of
measurement No.4 for the third axle of the semi-trailer be-
cause of unloaded semi-trailer. A vehicle so loaded when
measuring the service brake efficiency during a periodic
technical inspection would be assessed as not roadwor-
thy [1, 16, 25].

The values given in Table 4 are obtained after calculat-
ing the braking ratio by all available methods of evaluat-
ing the service braking efficiency. The table contains the
required braking ratio values for tested vehicles, the total
and instantaneous masses of vehicles used in calculating
as well as the vehicles roadworthy [18]. A total of up to 3
cases of evaluation could not use the linear extrapolation
method because the condition for reaching 30% of the con-
struction pressure of the braking actuator was not met.

Although there are several methods available for eval-
uating the braking efficiency of a service brake, they do
not always lead to the same evaluation, even if it is one

and the same vehicle. The load factor appears to be very
important. Direct evaluation method is only applicable in
a small percentage of cases, although it remains the most
physically accurate method. This is due to the fact that the
vehicles are under-loaded to the technical inspection. The
reference braking forces are not provided by the manufac-
turers in the extent that they could cover the full range of
tested vehicles. In terms of evaluating the service brake ef-
ficiency, the indicative evaluation method is the least ac-
curate evaluation method for new vehicles. Therefore, it is
only used for older vehicles. With regard to linear extrap-
olation method, it is accepted as a full-fledged method, al-
though the braking effect calculated on the basis of this
method is only theoretical.

In Figure 2 there is shown which axles meet the con-
dition of reaching 30% of the construction pressure of the
brake actuator and which do not. The red dashed line is a
separate area showing the satisfactory and unsatisfactory
control pressure values for use in the extrapolation calcu-
lation of braking ratio for the Volvo N3 tested vehicle. For
this vehicle we assume a value of P;; = 10 bar (manufac-
turer’s data) and from this value the result is P,,;, = 0.3 x
Py =3 bar.

In Figure 3 it is shown which axles meet the condition
of reaching 30% of the construction pressure of the brake
actuator and which do not. Colour numbers of the mea-
surements are distinguished for a better overview. There
are also areas showing satisfactory and unsatisfactory con-
trol pressure values for use in the extrapolation calcula-
tion of braking ratio for the Schwarzmuller O4 tested ve-
hicle. For this vehicle we assume a value of Pm = 6.5 bar
(manufacturer’s data) and from this value the resultis P,,;,,
=0.3 x Py = 1.95 bar.
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vehicles, 44 vehicles were assessed as unfit for braking effi-
ciency, 21 of which were obviously due to insufficient vehi-
cle load. Of the 129 checked vehicles categories 03, 04, 20
vehicles were assessed as unfit due to insufficient braking
efficiency, of which, in 13 cases, apparently due to low vehi-
cleload. A special regulation provides for a minimum load
of vehicle submitted for technical inspection, but in prac-
tice this indicator is uncontrollable in real. For this reason,
some technical inspection stations use an additional load
of vehicle in the form adding goods, or by drawing the load-
ing area to the roller brake tester with lashing straps. Prac-
tical measurements have shown that a sufficiently loaded

5 Conclusion

The evaluation of the braking efficiency at the roller brake
tester can be considered as the most important check
within the regular technical inspection of both passenger
cars and trucks. The results are the output of practical mea-
surements of the semi-trailer vehicle combination with dif-
ferent loads at a particular Station of Technical Inspection.
Over the past seven years, a specific technical inspection
worker has carried out 343 periodic technical inspections
of vehicle categories N2 and N3 and 129 technical inspec-
tions of vehicle categories O3 and 04. Of the 343 checked
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vehicle with the correct load distribution leads to its cor-
rect measurement at the Technical Inspection.

The requirement for appropriate loading of the truck

during the technical inspection process with consider a
braking efficiency is a topical issue. According the similar
studies [26], it is possible to expect compulsory equipping
of Technical Inspection Stations with scales, or with com-
pulsory reference brake force data from truck manufactur-

ers.
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