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1. KONSTRUKCNI PROVEDENI
BRZD

Ucelem brzd dopravnich a
transportnich ~ zafizeni je zastavovat
jakykoli posuvny nebo toCivy pohyb
soucasti po vypnuti motoru a tim zajistit
zabrzdénou polohu zafizeni ¢i soucasti.
Brzdy transportnich zafizeni jsou tzv.
brzdy stavici, nebot' u nich je ubrzdény
moment béhem  brzdéni  konstantni,
zastavovani bfemene je rovnomérné
zpozdéné. Konstrukéné jsou tyto brzdy
realizovany v provedeni celistovych,
kotoucovych nebo jiz v souc¢asné dobé
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1. BRAKE DESIGN

The purpose of brakes of transport and
conveying vehicles is to stop any linear or
rotating motion after switching off the
engine, whereby the brakes provide for the
vehicles braked position. Brakes of
conveying equipment are so-called
positioning brakes because their brake
moment during braking is constant, the
braking of the load is uniform deceleration.
Design wise these brakes are either shoe,
disk or currently scarcely used band
brakes.
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malo vyuzivanych pasovych brzd.

Podstatnym cinitelem kazdé brzdy je
smykové tieni, které je vyvozeno tlakem
tiecich se ploch vic¢i sobé. Trenim se
oddé€luji nejen nepatrné Castice trecich se
materiali, nybrz se vyviji i teplo. Tim se
méni pohybova energie vSech
posouvajicich se 1 rotujicich hmot v tfeni a
teplo.

1.1 BRZDY CELISTOVE

Celistové brzdy jsou konstruovany
v provedeni s pevnymi  nebo  otocné
ulozenymi Celistmi [1]. U oto¢né€ ulozenych
brzdovych celisti musi vysledna reakce
prochdazet otoénym bodem celisti, pak
pusobisté¢ normalové a tecné reakce se
posouva proti smyslu otaceni brzdového
kotouce. Tlak mezi Celisti a kotou¢em neni
rozlozen rovnomérné podél opasani, ale je
exponencialni [2].

1.2 BRZDY PASOVE

Pasové brzdy jsou konstruovany
v provedeni jednoduchém nebo souctovem.
Ucinnost pasovych brzd je podstatné vyssi
nez u brzd celistovych, nebot’ dosahuji
vyssiho tfeciho vykonu pfi  mensim
pusobicich tlacich v disledku vyssiho Ghlu
opasani. Nevyhodou je vSak namahani
hiidele brzdového kotouce ohybem.

1.3 BRZDY KOTOUCOVE

KotouCové brzdy maji vici vyse
uvedenym druhtim brzd fadu prednosti,
jako napft. lepSi odvod tepla, kompaktni
konstrukce ~ malych  rozméra,  delSi
zivotnost oblozeni, kratSi reak¢éni dobu
brzdéni a pfi  hydraulickém ovladani
moznost regulace momentu zméno tlaku
oleje.

2. EXPERIMENTALNi STANOVENI
SOUCINITELE TRENI
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A significant factor of every brake is
sliding friction which is generated by
pressuring friction surfaces together.
Friction causes not only the separation of
minute particles of friction materials but
also generation of heat. This converts the
kinetic energy of all sliding and rotating
masses into friction and heat.

1.1 SHOE BRAKES

Shoe brakes are designed with fixed or
floating shoes [1]. In the case of floating
brake shoes the resultant reaction must
pass through the rotating point of the
shoes, then the action of the normal and
tangent reaction moves against the rotation
of the brake disk. The pressure between the
shoes and disk is not spread uniformly
along the wrapping but are exponential [2].

1.2 BAND BRAKES

Band brakes are designed in either a
single or additive. The efficiency of band
brakes is substantially higher than that of
shoe brakes because they achieve a much
higher friction output with less applied
pressure due to the greater wrapping angle.
However, the down side is the bending
load on the brake disk shaft.

1.3 DISK BRAKES

Compared to the two above brake
types, disk brakes hold several advantages,
for example better heat dissipation, small
compact design, greater brake lining
durability, shorter brake reaction time and,
in the case of hydraulically activated
brakes, control of moment by change in oil
pressure.

2. EXPERIMENTAL
DETERMINATION OF FRICTION
COEFFICIENT
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2.1 KONSTRUKCNI PROVEDENI
BRZDY

Na obr.1 a obr.2 je znazornéna stavici
brzda pojezdu jetabu, jez byla vyuzita
v laboratofi Ustavu vyzkumu a
zkusebnictvi, Institutu dopravy, VSB-TU
v Ostravé  k ovéfeni soucinitele tfeni
brzdového oblozeni celisti dvoucelistové
brzdy na brzdovém bubnu.

K.sina,

K.cosa
K.sina K.cosa / e

_h=D2+b_| h=D2+b_

Obr. 1 Stavici brzda pojezdu jerabu
Fig. 1 Current crane travel brake

Z momentovych rovnic sestavenych
k osam cept (bod 2 a bod 3, dle obr.1)
ziskavame vztahy, dle kterych je mozno
vyjadfit velikosti pfitlacnych sil brzdovych
¢elisti vii¢i brzdovému kotouci. Zavedenim
hodnot pritla¢nych sil brzdovych ¢elisti do
vztahu (1) je mozno urcit velikost celkové
ubrzdéné sily a celkového ubrzdéného
momentu (2).

E=N,+N,).p (1)

MU=K1D%

a“-b.pu
Dle rozboru pusobicich momentii na

[Nm]  (2)

merici zafizeni sestavime momentovou
podminku (3).
M -M, -M =0 (3)

Hodnota kroutictho momentu M; [Nm]
vyjadtuje odpory brzdového bubnu proti
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2.1 BRAKE DESIGN

Fig.1 and Fig.2 show a positioning
brake on a crane travel which was used by
the laboratory of the Research and Testing
Department, Institute of  Transport,
Technical University of Ostrava for

verification of the friction coefficient of
the brake lining of a dual shoe brake on a
brake drum.

From the moment equations compiled
for the axes of pins (point 2 and point 3,
according to Fig.l) we get relations
according to which it is possible to express
the magnitude of pressure forces of brake
shoes against the brake disk. By
introducing the values of pressure forces of
brake shoes into relation (1) it is possible
the determine the magnitude of the total
brake force and total brake moment (2).

F,=(N, ¥N,). u (M

a. u

M =K.L.D. ————— [Nm 2
u az_b'_).uz[ ] ()

From an analysis of acting moments
on the measuring device we compile the
moment condition (3).

M, -M -M =0 (3)

The torque value M; [Nm] expresses
the resistance of the brake drum to rotation
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otaceni (odpor v loziscich), tato hodnota (resistance in bearings), this value was
byla stanovovana experimentalné [3]. determined experimentally [3].

Vy¢islenim jednotlivych momentt [3] By calculating individual moments [3]
ve vztahu (3) ziskavame dva kofeny feseni from relation (3) we get two solution roots
kvadratické rovnice (4). of the quadratic equation (4).

B+D _-1#1+4.A%a% b B2 D _-11% 1+4.A%a% 0
TR 2A.b i i 2A,. b
kde why
1 r \ 1 ( r
| = ——. Zz.r+Zp.—-M,J 4) l=—.kZZ.r+Zp.—-Mr (4)
K.l.a.D 2 K.1.a.D 2

Rozborem feSeni kvadratické rovnice Through the analysis of the solution to
(4) dospéjeme jednoduchou uvahou ke quadratic equation (4) we logically come
kone¢nému stanoveni soucinitele teni to the final determination of the friction
brzdového oblozeni na brzdovém bubnu coefficient of brake lining on the brake
(3). drum (5).
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Obr. 2 Mérici zaFizeni ke stanoveni soucinitele tieni brzdového obloZeni vii¢i brzdovému bubnu
celistove brzdy
Fig. 2 Measuring device for determining the friction coefficient of brake lining against a brake
drum of a hoe brake
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2.2 EXPERIMENTALNI 2.2 EXPERIMENTAL
STANOVENI SOUCINITELE DETERMINATION OF STATIC
TRENI ZA KLIDU FRICTION COEFFICIENT
ZkuSebni meéfici zafizeni znazornéné The testing measuring device
na obr.2 umoziuje stanovit hodnotu illustrated in  Fig.2  enables the
soucinitele tfeni za klidu u celistovych determination of the static friction
brzd s oto¢n¢ ulozenymi Celistmi. coefficient for shoe brakes with floating

shoe assembly.
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V zavitové ty¢i brzdy, kterda je
preruSena a osazena tenzometrickym
snima¢em zatizeni (typ RSC 500 [kg] viz
obr.3) je vyvozovana prostrednictvim
matice sila K [N]. Velikost sily K [N] je
snimdna méficim programem, graficky
pribéh métené sily udava obr.4. Na rameni
r[m] paky je umisténo zdavazi piedem
definované tihy.

The threaded brake rod which is cut
and fitted with a tenzometric load sensor
(type RSC 500 [kg] see Fig.3) is subject to
force K [N] generated by a nut. The
magnitude of force K [N] is recorded by
the measuring program, the graphical

profile of the measured force is illustrated
in Fig.4. A mass of predefined weight is
located on the lever strut.

Obr.3 Mérici zarizeni ke stanoveni soucinitele treni
Fig.3 Measuring device for determining the friction coefficient

Postupnym uvoliovanim matice
dochazi ke snizovani putsobici sily K [N]
v zavitové tyCi, jakoz 1 pfitlacné sily
brzdovych cCelisti na brzdovy kotouc.
V okamziku prokluzu kotouce v brzdovych
Celistech je zaznamendna hodnota sily
K[N] a dle vztahu (5) je vycislena
hodnota souCinitele tfeni za klidu daného
oblozeni brzdovych celisti na brzdovém
kotou¢i.

Obr.4 Graficky pruibéh méfené sily
Fig. 4 The graphical profile of the measured force
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Gradual release of the nut leads to
reduction of the acting force K [N] in the
threaded rod, as well as the pressure force
of the brake shoes on the brake disk. At the
moment of disk slippage in the brake shoes
the force value is recorded K [N] and
according to formula (5) the static friction
coefficient of the given brake shoe lining
on the brake disk is calculated.
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2.3 EXP@RIMENTALNi STANOVENi
SOUCINITELE TRENI ZA
POHYBU

Experimentalni stanoveni soucinitele
tteni za pohybu bylo provadéno na
samostatném zkuSebnim zafizeni, jehoz
schéma je uvedeno na obr.5. Motor slouzi
k rozbé¢hu setrvaéniku na pozadovanou
thlovou rychlost, pfi dosazeni zadané
rychlosti je motor odpojen a brzda je
uvedena v ¢innost. Setrvacnik je slozen z
desek konstantnich rozmért, coz umoziuje
v ramci ur€ité fady meénit jeho hmotnost a
tim 1 moment setrvacnosti. Pomoci
frekvenénitho meénie je mozno nastavit
pozadovany provozni rezim.

2.3 EXPERIMENTAL
DETERMINATION OF KINETIC
FRICTION COEFFICIENT

Experimental determination of the
kinetic friction coefficient was performed
on a separate testing device, whose
schematic diagram is in Fig.5. The motor is
used to start the flywheel to the required
angular velocity, when reached the motor
is disengaged and the brake is actuated.
The flywheel is made of constant size
plates which enables changing its weight
and thereby the flywheel moment. A
frequency converter is used to set the
required operating mode.

-———

{ Celistova Snima¢ otacek
l 4 brzda / Elektromotor :1
2% el ] Setrvaénik / -~
mﬂjﬁ?g - L EQBHL : 4 ,gﬁ
| /)( had 1| B i ﬂ | ;—‘—ﬁyv—v—‘ !

Obr.5 Mérici zarizeni ke stanoveni soucinitele treni

Fig.5 Measuring device for determining the friction coefficient

Elektromotor je vlivem pfipojeni
k elektrickému  proudu roztocen na
pozadované otacky, které mohou byt
voleny v zadaném rozsahu prostfednictvim
frekven¢niho meénice. Otacky
elektromotoru jsou snimany snimacem
otaCek (typu T4WA-S3, viz obr.6) a
zaznamenavany  méficim  programem.
Vtomto okamziku se brzdové celisti
nestykaji s brzdovym kotoucem.

Po dosazeni pozadovanych otacek je
elektromotor odpojen od elektrické sité a
na rameni paky je umisténo zavazi predem
definované tihy, ¢imz dojde ke styku
brzdovych celisti s brzdovym kotoucem a
od této doby je odecitana doba brzdéni.

V  zavitové tyC¢i brzdy, ktera je
preruSena a osazena tenzometrickym
snimacem zatizeni (typ RSC 500 [kg]) je
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The electromotor is started to the
required speed which can be selected in the
given range by setting the frequency
converter. Electromotor revolutions are
monitored by a tachometer (type T4WA-
S3, see Fig.6) and recorded by the
measuring program. At this moment the
brake shoes are not in contact with the
brake disk.

After reaching the required speed the
electromotor is cut off from its electric
power supply and a mass of predefined
weight is placed on the lever strut which
causes contact of the brake shoes with the
brake disk and the braking time is recorded
from that point.

The threaded brake rod which is cut
and fitted with a tenzometric load sensor
(type RSC 500 [kg]) us subject to force
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K [N] generated by a fitted mass K [N].
The magnitude of force K [N] is recorded
by the measuring program.

vyvozovana prostiednictvim zavazi tihy
sila K [N]. Velikost sily K [N] je sniména
méficim programem.

Obr.6 Mérici zarizeni ke stanoveni soucinitele treni
Fig.6 Measuring device for determining the friction coefficient

V okamziku  zastaveni  brzdového
kotouce vlivem tfeni brzdovych ¢elisti vici
brzdovému kotou¢i je odectena celkova
doba brzdéni a dle vztahu (6) urCovana
hodnota soucinitele tfeni za pohybu daného
oblozeni brzdovych celisti na brzdovém
kotouci.

3. ZAVER

Soucinitel tfeni za klidu brzdového
oblozeni zdaného  materidlu  vici
ocelovému brzdovému kotouci
(experimentalni ovéfeni dle kapitoly 2.2)
nabyva hodnoty vysS§i nez je hodnota
udavana vyrobci. Tato skutecnost vyplyva
z predpokladu statického soucinitele tfent,
kde je dosahovano vysSich hodnost
souCinitele tfeni vici souciniteli tfeni za
pohybu.

Soucinitel tfeni za pohybu brzdového
oblozeni zdaného  materidlu  vici
ocelovému brzdovému kotou¢i
(experimentalni ovéreni dle kapitoly 2.3)
nabyva hodnot shodnych s udaji
udavanymi vyrobci brzdovych obloZeni.

7.4

At the moment of stopping of the
brake disk, by friction of brake shoes on
the disk, the total braking time is recorded
and formula (6) is used to determine the
kinetic friction coefficient of the given
brake shoe lining on the brake disk.

3. CONCLUSION

The static friction coefficient of brake
lining from the give material against the
steel brake disk (experimental verification
according to Chapter 2.2) is higher than the
manufacturer given value. This is based on
the presumed static friction coefficient,
which reaches higher friction coefficient
values against the kinetic friction
coefficient.

The kinetic friction coefficient of
brake lining from the give material against
the steel brake disk (experimental
verification according to Chapter 2.3)
reaches the same values as those given by
the brake lining manufacturer.
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