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1. INTRODUCTION

Impact resistance is one of the most important
properties of conveyor belts. The puncture waste of
conveyor belt causes consecutive destruction and
thus incurred losses for belt’s wuser. The
manufacturers endeavor to produce and belt’s users
endeavor to buy the conveyor belts with maximum
impact resistance. The equipment for impact testing
of conveyor belts was constructed at the Technical
University in KoSice, (Department of Logistic and
Production Systems). Its modification was carried
out later for purpose of decreasing economical
costs.

2. EQUIPMENT FOR IMPACT TESTING OF
CONVEYOR BELTS

The equipment for impact testing of conveyor belts
on the Fig.1 consists of two basic parts: a tower and
a frame table.

2.1 THE TOWER

A transformer post creates the construction of the
tower. On the place for gripping the transformer
there is a lifting winch of the drop hammer, with
loading capacity of 300 kg. The lifting winch
together with fixed and free rollers create block-
and-tackle. The drop hammer can be raised at the
maximum height of 3,5 m. It is led in two vertical
closed construction single-strand wire ropes. The
weight of the ram is 50 kg and it can be alternated.
We can get various values of shatter breakover
energy by changing the weight of the drop hammer

1. UVOD

Jednou z najdélezitejSich poziadaviek kladenych na
dopravné pasy, je ich odolnost’ proti prierazom.
Poskodzovanie dopravného pasu prierazmi vedie k
jeho  postupnému  znifeniu atym  vznikaju
pouzivatelovi velké ekonomické straty. Preto je
snahou vyrobcov produkovat’ a zakaznikov kupovat
dopravné pasy sco najvdcSou odolnostou voci
prierazom. Na zaklade poziadaviek vyrobcu
dopravnych pasov, bolo na Katedre logistiky
avyrobnych systémov F BERG TU Kosice
zhotovené skuSobné zariadenie na zistovanie
odolnosti dopravnych pasov proti prierazom. Neskor
bolo zariadenie modifikované vzhladom na
poziadavky na zniZenie nakladov na skasky a
skasobné vzorky.

2. SKUSOBNE ZARIADENIE

SkaSobné zariadenie na obr.l sa sklada zdvoch
zakladnych casti : veze a stola.

2.1 VEZA

Konstrukeiu veZe tvori transformatorovy stoziar. Na
ploche urenej pre uloZenie transformatora, je
umiestneny zdvihaci vratok baranidla o nosnosti
300 kg. Vratok spolu s pevnou a volnou kladkou
vytvaraja kladkostroj veze. Baranidlo méze byt
zdvihané do maximalnej vysky 3,5 m. Je vedené
v dvoch zvislych jednopramennych ocelovych
lanach uzavretej konstrukcie. Hmotnost baranidla je
50 kg ambze sa menit’ az do max. 500 kg. Zmena
hmotnosti baranidla sa vykona nakladanim alebo
odoberanim pridavnych zavazi. Zmenou hmotnosti
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and shatter height. The achieved values of the belt’s
resistance power for two types of conveyer belts P
1000/4 and P 2000/4 are presented in Table 1.
These values was computed according to equation
I

2.2 FRAME TABLE

The frame table is a combination of the belt
conveyor from Jakl profiles and a strut-frame from
U-sections. The frame table in conjunction with belt
conveyor has maximum height of 750 mm from the
base of the transformer tower.

Table 1: Average values of resistance power

baranidla a padovej vysky docielime rézne hodnoty
padovej prierazovej energie. Podla vzrahu 1 su
v tabulke 1 uvedené dosiahnuté hodnoty odporovych
sil pre 2 typy dopravnych pasov P 1000/4 aP
2000/4.

2.2 STOL
Konstrukcia stola je kombindciou pdsového
dopravnika  zjaklovych  profilov  a pritovej

konstrukcie vlastného stola z U - profilov. Stdl spolu
s dopravnikom mé& maximélnu vysku 750 mm od
spodnej zakladne veze.

Tabulka 1: Priemerné hodnoty odporovych sil pre rézne typy pasov

g Shatter height [m]
Y
E 0,28 m 0,78 m 1,28 m 1,78 m 2,28 m
=]
£
g P 1000/4 | P 2000/4 | P 1000/4 | P 2000/4 | P 1000/4 | P 2000/4 | P 1000/4 | P 2000/4 | P 1000/4 | P 2000/4
50 kg 2118 2349 3592 3822 4605 5296 5848 6999 - -
60 kg 3666 4384 7000 8125 8755 10 153 11190 15377 20511 27 630
90 kg - 5360 - 10 231 14 757 - 17 257 - 18 539
100kg - - - - - 15418 - 18 426 - 20 509
2
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Figure 1 Side- view of the previous frame of the testing equipment

1 - tower, 2 - lifting winch of the drop hammer, 3 - belt conveyor

Obrazok. 1 Bocny pohlad na pévodnu konstrukciu skusobného zariadenia
1 - veza (stoZiar), 2 - zdvihaci vratok baranidla, 3 - pasovy dopravnik
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Parameters of belt conveyor, which is a component
of the equipment for impact testing of conveyor
belts.

- length of belt conveyor [=4m,

- width of belt conveyor s=0,63m,

- width of belt b=04m,

- speed of the belt v=022ms".

Disadvantage of the described equipment is the
length of testing conveyor belt — 10 m.
Consequently, economic costs of the impact tests
are very high. Handling with conveyor belt and its
setting-on. is rather difficult. The puncture of the
conveyor belt results in its cutting and that’s why it
is not usable for testing purposes any more and the
exchange of the test sample is necessary.

The producers require construction changes of
testing equipment so that the size of the test sample
was minimized and at the same time the testing
possibilities of the equipment were maintained.

3. MODIFICATION OF EQUIPMENT

New proposal of the equipment construction comes
out from maintaining the authentic tower with
lifting winch and drop hammer. Conveyor belt (10
m) which is needed for the tests on the initial
equipment design is replaced by testing sample of
the length 1 m and the width is given by the type of
the conveyor belt through maximum width 630 mm.
This one affords saving of testing material and
decrease of economic costs.

The initial design of the equipment table, consisting
of belt conveyor is replaced by a new design of
smaller dimensions, by Fig. 2.

New design of the equipment table is projected so
as to retain the straight centric shock safely and to
provide the same possibilities as the previous
version. The shock itself rises from the impact of
the drop hammer at the testing sample. The testing
sample is gripped in unmovable jaws with 10
screws which are fixed at the equipment table. The
fixed jaw is designed so that the testing sample
could be positioned in radial direction in respect of
the width of the testing conveyor belt. The whole
fixed jaw is consequently gripped with screws
together with the testing sample (Fig. 3).

Testing sample is gripped in the sliding jaw after
gripping by fixed jaw. The sliding jaw allows
straining of the testing conveyor belt sample along
its length by the straining screw (Fig. 4). The sliding
jaw can be moved in radial direction in respect of
the width of the testing conveyor belt as well as
fixed jaw.

Parametre pdsového dopravnika, ktory je sucastou
skusobného stendu:

- dzka pdasového dopravnika l=4m,

- §irka pdsového dopravnika s=10,63m,

- Sirka pasu b=04m,

- rychlost pdsu v=022ms".

Nevyhodou opisaného zariadenia je, Zze sktSany
dopravny pas je dlhy 10 m. V désledku toho st
ekonomické naklady na prierazové skusky vysoké.
Manipulacia s dopravnym pasom a jeho
nasadzovanie s naro¢né. Pri prieraze dopravného
pasu dochadza k jeho prerezaniu, znemoZzneniu
dalsich sku$ok a tym k nutnosti vymeny skusobnej
vzorky.

Preto bola vyrobcom dopravnych pasov dana
poziadavka na zmenu konStrukcie skaSobného
zariadenia tak, aby velkost’ ski$obnej vzorky bola
minimélna, pri zachovani rovnakych mozZnosti
skusania ako pri pdvodnej konstrukeii.

3. MODIFIKACIA SKUSOBNEHO
ZARIADENIA

Navrh novej konstrukcie skaSobného zariadenia
vychadza zo zachovania pévodne] veze so
zdvihacim vratkom a baranidlom. Dopravny pas
(10m) potrebny pre skusSky na starej konstrukcii
zariadenia je nahradeny skugobnou vzorkou dizky 1
m aS8irky podla typu dopravného pasu avsak
maximalne do $irky 630 mm, ¢o prindSa dsporu

skuSobného  materialu  aznizenie  financ¢nych
nakladov.
Povodna konstrukcia stola, tvorena pasovym

dopravnikom je nahradena novou konstrukciou
s mensimi rozmermi podl'a obr. 2.

Nova konstrukcia je navrhnuta tak, aby bezpec¢ne
zachytdvala priamy centricky rdz, ktory vzniké
dopadom baranidla na skuSobni vzorku a aby
poskytovala rovnaké moznosti ako predchadzajuci
variant. Vzorka sa najprv upina zovretim do pevnej
Celuste 10 skrutkami upevnenymi na stole
zariadenia. Pevna celust’ je navrhnuta tak, aby
umoziovala polohovanie vzorky v radidlnom smere
vzhladom k $irke sktiSaného dopravného pasu. Cela
Celust’ sa nasledne aj so skisobnou vzorkou upevni
pomocou skrutiek podla obr. 3.

Po zovreti do pevnej Celuste sa vzorka upevni do
pohyblivej Celuste. Pohybliva Celust umoziiuje
napinanie skuSobnej vzorky dopravného pasu
vsmere jeho dizky pomocou napinacej skrutky
podla obr. 4. Podobne ako pevna celust aj
pohybliva ¢elust umoziiuje pohyb v radidlnom
smere.

39



D. MARASOVA, A. I. Y NAJAJREH, V. MOLNAR, P. BINDZAR, G. FEDORKO: Equipment for impact testing ... T&L 04/2003

Figure 2 A new design of the equipment table
Obrazok 2 Nova konStrukcia stola zariadenia

Figure 3 Fixed jaw
Obadzok 3 Pevna celust

Figure 4 Fixturing of the testing belt sample in the sliding jaw
Obrazok 4 Upnutie skusobnej vzorky pasu v pohyblivej Celusti
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Required strain force is achieved by straining screw
in the testing conveyor belt sample. The equipment
table is embedded in the rails. Positioning of the
testing conveyor belt sample in axial direction is
designed by moving the equipment table in the rails.

4. THE PROCESS OF MEASURING

The value of belt’s resistance power is determined
by formula:

F=m.a

where: m — weight of the falling ram [kg]

a — deceleration value as a result of tup
impact to the belt compared with acceleration value
before the tup reaches the belt [m.s™].

The weight is known, it is given by the drop
hammer weight and the additional weights, which
are fixed on the drop hammer. It is possible to
achieve the maximum weight of 500 kg in such a
way.

The deceleration @ is defined by acceleration
sensor. Output signal from the sensor is voltage U
[V] which responds to existing deceleration.

Output signal from the sensor is led through the
amplifier into the computer and it is processed by
the application program Pascal. Obtained values are
processed in application processor Excel thereafter.
It's possible to locate maximum acceleration value
at the moment of the weight fall on the conveyor
belt (Fig. 5).

Pomocou napinacej skrutky sa dosahuje skuSobnej
vzorke pozadovana napinacia sila.

Nastavovanie vzorky v axidlnom smere je rieSené
posuvanim stola po kol'ajniciach, na ktorych je stol
uloZeny.

4. PRIEBEH MERANIA

Velkost’ odporovej sily dopravného pasu ur¢ime na

zaklade vzorca:
IN] (1)

kde: m — hmotnost’ dopadajiceho baranidla [kg]

a — spomalenie baranidla v désledku jeho
dopadu na dopravny pas vztahované k hodnote
zrychlenia baranidla pred dopadom [m.s™].
Hmotnost’ pozname, je dana hmotnost'ou samotného
baranidla a hmotnost'ou pridavnych zavazi, ktoré sa
na baranidlo umiestiiuji. Takto je mozné dosiahnut’
maximalnu hmotnost’ az 500 kg.

Spomalenie a ur¢ime pomocou snimaca zrychlenia.
Vystupom z tohto snimaca je napitie u[V], ktoré
zodpoveda danému spomaleniu.

Vystup zo snimaca sa d’alej vedie cez zosilfiova¢ do
pocitaca, kde sa  spracovdva  programom,
vytvorenom v jazyku Pascal. Nasledne sa tieto
hodnoty spracovavaju v programe Excel, kde je
mozné  presne ur¢it maximalne zrychlenie
v okamihu dopadu bremena na dopravny pas (obr.
5).

cas [s]

napstie V]

, _wﬁjw.w MW

Figure 5 The flow of the impact power for the belt P 1000/4, belt in standstill, shatter height 1 meter

Obdzok. 5 Priebeh rdzovej sily pre pds P 1000/4, pds v klude, vy¥ska dopadu Im
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As the output signal from sensor is voltage U [V]
corresponding to specific deceleration a [m.s?], it
is necessary to define conversion constant to
conversion values U [V] at @ [m.s?], ] as follows:

where U — measured voltage [V]

¢ — sensor sensitivity [V.g"],
where 1g = 9,81 m.s?, sensor sensitivity ¢ declared
by the manufacturer and in our case it has the value
0f 0,0002325 [V/g], we will get :

a= ———U £
0,0002325

The formula (3) would be valid in case, that output
signal from sensor would not be amplified. In our
case it is not true. We must consider amplifying,
which has the value in this case 458. The formula
(3) obtains the form now: :

U-g

4= 0.0002325

where z is the value of amplification
For the value of resistance power we can write :

F=m.k,.U

where: m — weight of the falling ram [kg]
k, — conversion constant [m/s*V],
u — measured voltage [V],

whereas conversion constant k-

g

k = =
“0,0002325-458

As seen from the formula (6), constant k, depends
on sensor sensitivity ¢ and value of amplified signal.

7. DESCRIPTION OF MEASURING SYSTEM

Measuring system is connected by scheme on the
Fig. 6. Acceleration sensor, which is built-in on the
drop hammer is scanning the acceleration-
deceleration process at the moment of the impact at
the conveyor belt.

Output signal from the acceleration sensor is
adapted and amplified in the amplifier unit so that
optimum measure range of A/D converter could be
utilized, which is a component part of the
multifunctional card MF 604, This card is built-in
PC. Acceleration sensor data acquisition is

KedZze vystupom zo snimaca je napitie U [V],
zodpovedajuce uréitému spomaleniu a [m.s”], je
potrebné uréit prevodovia konStantu na prevod
hodnét U [V] na a [ms?], ato nasledovnym
sposobom:

[m.s]

)

kde U — namerané napitie [ V].

¢ — citlivost’ snimaéa [V.g '],

pri¢om 1g = 9,81 m.s™, citlivost’ snimada ¢ udavana
vyrobcom a v nasom pripade ma hodnotu 0,0002325

[V/g], dostaneme teda:

[m.s'z]

)

Vzorec (3) by platil v pripade, Ze signal zo snimaca
sa nezosilnoval, ¢o v8ak v nasom pripade neplati.
Musime teda uvazovat’ aj zo zosilnenim, ktoré ma v
tomto pripade hodnotu 458. Vyraz (3) potom
nadobudne tvar:

1

O]

[m.s?]

N

kde z je hodnota zosilnenia.
Pre velkost’ odporove;j sily pasu mézeme tieZ pisat’:

[N] ©))

kde: m — hmotnost’ dopadajiiceho baranidla [kg],
k, — prevodova konstanta [m/s*V],
© — namerané napdtie [V],

pri¢om prevodova konstanta k-

92,1 [m.s%/V] (6)

Ako vidime zo vzorca (6), konStanta k, zavisi od
citlivosti snimaca c a vel’kosti zosilnenia signalu.

7. POPIS MERACIEHO SYSTEMU

Meraci systém je zapojeny podla schémy na obr. 6.
Snimag zrychlenia ktory je zabudovany na baranidle
snima priebeh zrychlenia/spomalenia pocas narazu
na dopravny pés.

Vystupny signal zo snimada zrychlenia je dalej
upraveny a zosilneny v bloku zosiliiovaca tak, aby
bol optimalne vyuzity meraci rozsah A/D
prevodnika, ktory je sGcastou multifunkénej karty
MF 604. Tato karta je zabudovana v pocitaéi triedy
PC. Zber tdajov zo snimacda zrychlenia je riadeny
programom, Specidlne vytvorenym pre tento ucel
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controlled by the program, especially created for
this purpose in program language Pascal.

Measuring process is as follows:

/. Starting the program in MEASURING mode. This
mode runs 15 s.

2. Activation of the ram. This activation must be
realized in MEASURING mode.

3. Displaying of impact process. The program is
automatically transferred in this mode when
MEASURING. mode is over or after a period of 15
s, the whole 15 s is recorded with the resolution of
1 ms. This record isautomatically saved on the PC
hard disk under the name given in advance.

ACCELERATION
SENSOR

| AMPLIFIER
UNIT

MULTIFUNCTIONAL
—» —

v programovacom jazyku Pascal.
Meraci proces je nasledovny:

1. Spustenie programu do rezimu MERANIE.
Tento rezim trva 15 s.

2. Spustenie baranidla. Toto spustenie sa musi
vykonat pocas rezimu MERANIE.

3. Zobrazenie priebehu narazu. Do tohto rezZimu
prejde program automaticky po skonceni rezimu
MERANIE, resp. po uplynuti doby 15 s, pritom je
zaznamenanych celych 15 s s rozliSenim 1 ms. Tento
zdznam je tiez automaticky uloZeny na pevny disk
pocitaca pod vopred urenym nazvom.

PERSONAL
COMPUTER

CARD MF 604

Figure 6 Diagram of the measuring system
Obrazok 6 Schématické zndzornenie meracieho systému

Besides impact force, tension force has been
measured in the belt using tensometric sensors
connected at strain-gauge bridge. The signal from
tensometers has been processed by tensometric
equipment M 1000.

Test condition.

The following parameters have been changed
during the test.

e shatter height
e type of conveyor belt

Shatter height is increased gradually about 0,5 m,
in the range 0,28 — 2,28 m. The height of the falling
drop hammer 4, together with weight m affect the
shatter energy value by formula (7).

Okrem merania narazovej sily bola sledovand aj

tahova sila vpase, pomocou tenzometrickych
snimacov zapojenych do plného mostika. Signal
z tenzometrov bol spracovavany

prostrednictvom tenzometrickej aparatary M 7000
Podmienky skuSky

Pocas skudky sa menili tieto parametre:

e vyska dopadu
e typ dopravného pasu

Vyska dopadu sa postupne zvySuje o 0,5 m ato
vrozsahu 0,28 - 2,28 m. Vyska dopadajiceho
baranidla /4, spolu s hmotnostou m, ovplyviiuje
vel'kost’ dopadovej energie podla vzorca (7).

E. = m.g.h [J] (7

where g — gravitational constant [m.s™].

Conveyor belt type. Conveyor belts type P 2000/4
and P 1000/4 were used in the measurements. They
are cartridge-four conveyor belts which differ in its
strength. A stronger belt P 2000/4 was used because
of safety for higher values of shatter breakover
energy, where the weight of the drop hammer is 90
and 100 kg.

8. CONCLUSION

The subsequent analysis of data measured on the
designed prototype demonstrates how equipment
modification responds to premises and whether it

kde g — zemské tiazové zrychlenie [m.s?].

Typ dopravného pésu. Pre ulely merania boli
pouzité dopravné pasy typu P 2000/4 a P 1000/4.
V obidvoch pripadoch ide o $tvorvliozkové dopravné
pasy, ktoré sa lisia iba svojou pevnost'ou. Pre vyssie
hodnoty dopadovej energie, kde hmotnost’ baranidla
je 90 a 100 kg, sa z bezpe¢nostnych dévodov pouzil
uz len silnejsi pas P 2000/4.

8. ZAVER

nameranych hodndt na
ukdze, do akej miery
skusobného zariadenia

Az nasledny rozbor
zhotovenom prototype
navrhovand modifikacia
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decreases high input costs on the samples of
conveyor belts.

This article is a part of the grant project
No.1/8074/0199 — Designing and Simulation of

zodpovedd navrhovanym predpokladom a znizi
predpokladané vysoké vstupné ndklady na sktiSobné
vzorky dopravnych péasov.

Tento ¢ldnok je castou rieSenia grantového projektu

Ecologic Transport Systems and Components of ¢.1/8074/0199  —  Projektovanie  a simuldcia
Transport Equipment. ekologickych  dopravnych  systémov  a prvkov
dopravnych zariadent.
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