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BADANIA WYDLUZALNOSCI I WYTRZYMALOSCI ZLACZY KLEJONYCH

W ASPEKCIE OPRACOWANIA KOMPUTEROWEGO SYSTEMU
MONITOROWANIA ICH STANU W CZASIE PRACY
PRZENOSNIKA TASMOWEGO

TESTS OF EXTENDABILITY AND STRENGTH OF ADHESIVE-SEALED
JOINTS IN THE CONTEXT OF DEVELOPING A COMPUTER SYSTEM

FOR MONITORING THE CONDITION OF BELT JOINTS
DURING CONVEYOR OPERATION

Artykut prezentuje wyniki przeprowadzonych badan laboratoryjnych wydtuzalnosci i wytrzymatosci typowych zlgczy kle-
Jjonych tasm przenosnikowych. Celem badan byto poznanie parametrow wytrzymatosciowych zlgczy w celu okreslenia
wytycznych dla projektowanego uktadu monitorujgcego, ktorego zadaniem bedzie przeciwdzialanie nieprzewidzianemu
zerwaniu tasmy w obszarze kazdego zlgcza wykonanego na trasie przenosnika tasmowego. Do badan laboratoryjnych
wykorzystano typowe zlgcze wykonane i eksploatowane w kopalni Lubelski Wegiel ,, Bogdanka” S.A.

Stowa kluczowe: przenosnik tasmowy, tasma przenosnikowa, zlgcza klejone, wytrzymatosé zigczy,
komputerowy system monitorowania stanu ztgczy.

The paper presents the results of the laboratory tests conducted on the physical elongation and strength of typical adhesi-
ve-sealed joints of conveyor belts. The tests were aimed at examining the strength parameters of the joints to define some
guidelines for a monitoring system designed to prevent unpredicted belt ruptures in the area of each joint occurring thro-
ughout the belt conveyor route. In the laboratory, typical joints were tested as manufactured and as used in the Lubelski

Wegiel “Bogdanka” S. A. coal mine.
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1. Introduction

According to Zur’s definition [23], a belt conveyor is a li-
mited range, continuously moving transport facility that carries
material on the belt surface, between two belts or inside a belt.
There are a number of belt conveyor designs which, when
expanded into a transport system, form one of the most crucial
elements used by mining companies (for both underground and
opencast operations), chemical, food, power companies, etc.
The conveyor transport, being in many cases a principal ele-
ment of extended transport systems, must comply with numero-
us requirements. According to Antoniak [4], the latter includes
the high reliability of a single conveyor in terms of prolonged
daily working time, low operating costs, easy relocation and
elevated belt strength. In particular, the latter element of the belt
conveyor structure plays an important role since the belt cost
frequently accounts for 40-50% of the total equipment cost. The
conveyor belt is exposed to a number of impairments of diffe-
rent type and origin.

According to Antoniak [1-4], the conveyor belt should be
chosen to ensure it can carry the highest tensile forces that oc-
cur under different conveyor operation conditions, and have
a suitable reliability and safety rating. When purchasing a belt,
the user receives an appropriate certificate that states the type
and number of the belt, the belt minimum lengthwise tensile
strength, the belt maximum percentage elongation at a load
equal to 10% of the belt rated strength the minimum percentage

value of the belt elongation at failure etc. The actual values of
the above strength parameters are in this case compared with
their equivalents, in conformity with respective requirements.
This follows from the fact that conveyor belts have a number of
requirements to meet in terms of durability, strength, incombu-
stibility, etc. When analysing typical designs of conveyor belts,
Zur [23] underlines the fact that the belt transmits lengthwise
forces necessary to overcome movement resistances, and there-
fore it must be characterised by a sufficient lengthwise and cros-
swise strength to enable the absorption, without any damage all
loads occurring at the output drop in the dumping equipment
and while carrying the material over the roller sets. Transferring
high forces from the conveyor drive to the belt through the dri-
ve wheels is equally important. The belt must also be flexible
enough to settle into a trough shape, and yet at the same time it
must not be so flabby that it folds between the rollers. Certainly,
it must also be sufficiently durable and resistant to punctures,
mechanical damage and abrasion, while being insensitive to
weather and atmospheric conditions [1, 9, 23]. Antoniak [1, 4]
assesses the requirements to be met by typical conveyor belts,
and concludes by emphasising the requirement for very high
strength of the belt segment joints.

In recent years, a number of studies have been carried out
[1-3, 11, 12] aimed at selecting suitable designs and strengths
of belts and their elements. It is equally important to achieve
improvements to the strength parameters of the belts. In conse-
quence, individual studies focus on the conveyor belt structure
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(the material of the belt, the type and material of the core, the
thickness of facings and rims), belt production methods, and
belt acceptance tests. The studies also include suitable storage
and transport methods. Considerable attention is also paid to
rheologic models, for example, aimed at mapping belt strength
parameters under dynamic loading or formatting the adhesive
layer in adhesive-bonded joints and adhesive-mechanical joints
[7,8].

On the other hand, much less attention is paid to conveyor
belt joints. The following conditions must be met to achieve the
required value of joint strength: the tensile strength of joined
belts should not be lower than the nominal strength, the joined
belts should be of the same type, the joined belts should have
two or more but equal number of fittings, and the joints should
be made free of faults. In practice, joints are made in complian-
ce with in-company instructions or the adhesive manufacturers’
recommendations, and these very often differ. The conditions
designed to ensure high strength and durability are not always
complied with, either, which is mainly a consequence of perfor-
ming such works in underground conditions of limited comfort.
Therefore, as described in the literature [1, 4, 11], in order to
achieve a joint with the highest strength, only belts from the
same manufacturer should be used, of the same type and made
of the same fittings in terms of the material strength, the method
of weaving and the technological processing. The strength of
the resulting joined belts is lower than the nominal level with
different extendability or number of fittings.

A significant volume of the research work conducted in Po-
land and abroad is restricted to methods of joining belts, the
technologies used, the types of mechanical and adhesive-sealed
joints as well as the assessment of the impact of various factors
on joint durability or strength [4, 11]. One commonly overlo-
oked fact is that although typical belt joints (e.g. those made
with the cold bonding method) have numerous advantages, they
have also equally numerous faults. Bonding technologies are
considered to be the most suitable for making joints as they
ensure maintaining belt continuity, have high strength and dura-
bility, and, moreover, they mate well with the rollers and drive
wheels of the conveyor system. Some important shortcomings
include a low tenacity when compared with the belt itself. Al-
though adhesive-sealed joints are relatively inexpensive, they
are characterised by a significant diversity in strength, which
results from different temperature and humidity conditions pre-
vailing during joint production. The actual accuracy of the joint
itself is important, as joints are frequently made in underground
mine conditions that can hardly be called comfortable.

As a result, belt joints frequently break during conveyor
operation without any preceding symptoms that might indica-
te an imminent occurrence of such an impairment. Although
some effort is aimed at raising the durability and reliability
of conveyor belt joints; nevertheless, users of belt conveyors,
while having at their disposal sophisticated drive structures,
control systems and operation parameter monitoring systems,
are left on their own as regards the problem of unpredictable
belt joint ruptures. Some unpredictable belt ruptures may result
from a mechanical blockage of the belt, a side descent or wheel
contamination, and such situations can be observed by the ope-
rating personnel and prevented if reacted to quickly enough.
Nevertheless, this is not an effective method of counteracting
joint rupture. It should be remembered that a rupture is not only
a threat to the personnel, but it also means significant economic

losses resulting from a long stoppage of not only a single belt
conveyor (the damaged one) but also of the whole transport
system that the conveyor forms part of.

As demonstrated above and in previous publications
[12+14], during research studies into belt conveyor construc-
tion and the design of supporting elements, insufficient at-
tention is paid to conveyor belt joints although their strength
significantly affects the durability and reliability of the whole
transport facility and even the whole system that includes the
belt conveyors. For this reason, for several years research work
has been carried out at the Lublin Technical University aimed at
analysing the strength properties of adhesive-sealed joints from
the point of view of developing a system monitoring joint con-
dition during belt conveyor operation. Relevant laboratory test
results are presented in this paper.

2. Conveyor belt joints and joint strength

Conveyor belts are manufactured in sections of specific
lengths and so delivered to the customer. Belt users join all
the sections when installing the conveyor to obtain an endless
run. During the operation, new belts and those transferred from
other, no longer exploited facilities are joined (relocation). Du-
ring the life of a belt it may be constantly lengthened or shor-
tened, depending on the mining method used (from borders, to
borders). Conveyors are moved to new locations and construc-
ted from different belt segments. In consequence, the number of
belt joints is subject to continuous change, and hence difficult
to control. The joints should have the highest possible tensile
strength and the lowest number of joints along the conveyor
route. In mining conditions, these requirements are frequently
difficult to meet, especially since the number of belt joints con-
tinuously increases during an individual belt’s life. The abo-
ve conditions must be met for the joint strength to achieve the
required value. The conditions are partly related to the tensile
strength of the joined belts, the belt type, the number of fittings
and the lack of any manufacture defects.

Typical fabric/rubber belts are joined using one of the follo-
wing three methods: hot vulcanisation, room temperature vul-
canisation (bonding) as well as by means of mechanical con-
necting elements. Mechanical belt joints can be separable or
inseparable, and must have a relative strength of not lower than
60% of the belt nominal tensile strength. Vulcanised and adhe-
sive-sealed joints of fabric/rubber belts are made on the same
joint structures, utilising gradual overlap joints [1, 4, 10]. Ac-
cording to Antoniak [4], the theoretical strength of such a joint
compared with the nominal belt strength is 67% for three flit-
tings, 75% for four flittings, 80% for five and 84% for six. Ac-
cording to provisions of the standard [17], the tensile strength
of a belt with such a joint should be:

z—1
tzrpwzo'gs'tzrn ) z (1)

where z is the number of flittings.

It is also possible to determine the strength loss of the belt
caused by joining its segments (known as strength loss in the
belt joint). The loss value is specified by the respective DIN
standard [15], depending on the type of core flittings and the
joint type.

Adhesive technologies are considered to be the most ap-
propriate methods of making joints since they guarantee ma-
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intaining belt continuity, result in high strength and durability
and, moreover, allow mating well with the conveyor rollers and
wheels. On the other hand, significant shortcomings of these
types of technology include a low tenacity when compared to
the belt itself. Adhesive-sealed joints are relatively cheap; ho-
wever, they are characterised by a significant dispersion caused
by different temperature and humidity conditions that prevail
during joint production, and accuracy of joint alignment itself
is difficult to achieve. A consequence of these factors is that belt
joints frequently rupture during conveyor operation without any
preceding symptoms that might indicate an imminent occurrence
of such an impairment. A conveyor stopped due to a belt rup-
ture in the joint area is certainly undesirable, not only for eco-
nomic reasons but also in view of the necessity to maintain the
continuity of deliveries of the mined materials. For that reason,
the Lublin Technical University, together with the company Lu-
belski Wegiel Bogdanka S.A., being the most modern and most
innovative Polish coalmine, commenced the tests of strength and
extendability of conveyor belt joints. The tests were partly aimed
at analysing belt conveyor operation parameters that have an im-
pact on frequent failures resulting from belt ruptures, as well as at
developing an appropriate system for monitoring the equipment
operational conditions and related automatic control to eliminate
any critical situations. Another important test objective was to
analyse the durability of various types of conveyor belt joints
in order to enhance the joint quality or to develop modifications
in joint execution technology without any loss in the flitting
strength. Additionally, it was decided to analyse the reasons for
manufacturing faults in joints and to compare the properties of
adhesive materials applied from the point of view of their resi-
stance to delamination and shearing.

In the context of constructing a computer system for mo-
nitoring conditions of adhesive-sealed conveyor belts, it was
also important to assess the rupturing force value as well as to
examine the rupture mechanism itself and to observe the joint
behaviour at the moment of imminent permanent damage to
the joint. An initial analysis of the conveyor belt strength and
the durability of the joints made with the bonding method was
combined with the above-described laboratory tests to enable
us to propose the following research thesis:

The elongation of conveyor belt joints at the rupture mo-
ment depends on the properties of the belt itself (including the
minimum admissible belt elongation at rupture) as well as on
the quality of the adhesive-sealed joint achieved. Therefore, it
is possible to monitor the joint elongation during the conveyor
operation, while at the same time determining the critical value
of the elongation when it ceases to be a dynamic elongation re-
lated to changeable operating conditions and instead becomes
a value signalling an imminent joint rupture.

3. Laboratory tests of conveyor belt joints

Conveyor belt joints are usually tested in laboratory con-
ditions using static or dynamic methods. The static methods
consist in determining the tensile strength of a belt sample with
a joint at an attempted rupture. The dynamic methods consist
in applying a pulsating load to the belt sample with a joint by
passing it through two turning wheels. The conditions for te-
sting conveyor belts joints are specified in respective standards
[15-21]. However, the tests are rather difficult to conduct since
they require the use of special equipment, including level te-
sting machines capable of rupturing a real size sample of a joint
with a belt with a relatively high elongation value at rupture.

The laboratory tests [5, 6] conformable with the above ob-
jective started with an assessment of the strength and extenda-
bility of textile/rubber belts as applied by the company Lubelski
Wegiel “Bogdanka” S.A. which cooperated in the test works
with the Lublin Technical University. The tests included:

- measurement of the joint elongation value at the rupture

time,

- measurement of the whole sample elongation (adhesive-
sealed joint + belt) at rupture,

- progress of the joint elongation with a load till the rupture
time, in compliance with the standard requirements,

- progress of the whole sample elongation (adhesive-sealed
joint + belt) with a load till the rupture time, in complian-
ce with the standard requirements,

- determination of the rupture force.

The laboratory tests involved the use of three belt joints.
They were marked as I, II and III. The first two joints were
new and made according to internal recommendations, while
joint number III had been used previously for over two months
in underground conditions on a typical wall haulage conveyor.
The joints supplied for the tests had the following dimensions:
width 1200 mm, length 1900 mm (joints I and II) and width
1200 mm and length 2800 mm (joint number III). The tested
belt joints were made with the cold bonding method with the
use of a four-flitting belt.

According to requirements of the PN-C-94147 standard
[19], samples 200 mm wide were to be cut off from the joint
for tensile strength tests. The test sample length was 1900 mm
with slight deviations from that dimension. To ensure the same
testing conditions, the length of all samples was equalised to
1900 mm. Five samples (marked as I/1 to I/5 etc.) were cut off
from each joint. The dimensional markings assumed are shown
in fig. 1. The laboratory tests were carried out on a ZP-40 test-
ing machine. The samples were mounted in the testing machine
jaws with a steady distance between the jaws of L,=1270 mm
being maintained. The stretching speed was 100 mm/min.

Fig. 1. Dimensional markings of the conveyor belt joints tested [5, 6]

36 ExspLoaTACIA | NiEZAWODNOSCE NR 3/2010




SCIENCE AND TECHNOLOGY

The stretching progress was registered by the testing ma-
chine provided with appropriate software, and the Lp joint elon-
gation was measured with a digital video camera placed over
the joint butt from the side of the immovable jaw of the tensile
testing machine. The butt line was marked on the belt cover and
a millimetre gauge attached on the line of the second joint butt
indicating the size of the joint elongation, which in turn was
registered by the video camera simultaneously with the size of
the force stretching the joint [22].

This enabled a recording of elongations of the both mea-
sured sizes simultaneously with the force gauge indications.
Table 1 presents results of the laboratory tests. An example
diagram of a test sample rupture (fig. 2) presents on the abscis-
sas axis the sample length increase as measured by the tensile
testing machine jaw travel. This value does not correspond to
the actual sample elongation due to a partial pushing out of the
samples from the clamping jaws.
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A direct measurement of the total elongation of the joint
and the belt, important from the point of view of determining
the best location for monitoring system markers in the actual
conditions, would not be possible due to the insufficient length
of the tested samples. The length was 1900 mm instead of the
required minimum of 2200 mm (joint length + 2 additional
sections 600 mm each). In connection with the above, addi-
tional extendability measurements of the belts themselves (e
were carried out with stresses corresponding to rupture stresses
of individual belt joints. Then we calculated the total sample
length increase AL,= AL,+ AL, in millimetres as well as ¢_as
a percentage. The assumed length L, amounts to 1270 mm. The
results obtained are presented in table 2. We have also decided
that in future the results will be verified by subsequent tests of
full size samples.

150 200 250

Dis placement [mm]

Fig. 2. Diagram of an example test sample rupture

Tab. 1.  Results of adhesive-sealed joint strength and extendability tests

length at break up, ep [%]

Sample number o w2 | w3 | va | s w2 | w3 | wa | ws || w2 | w34 | s
Sample width, Bfmm] | 200 | 200 | 200 | 200 | 200 | 200 [ 200 | 200 | 200 | 200 | 200 [ 200 | 200 | 200 | 200
Breaking force, F[kN] | 167.2 | 189.8 [ 203.7 | 167.9 | 186.4 | 187.1 | 161.1 | 174.4 | 169.4 | 192.2 [ 139.8 | 176.4 | 165.1 | 152.2 | 184.8

Tensile strength, R [kN/m] | 836.0 | 949.0 [1018.5| 839.5 | 932.0 | 935.5 | 805.5 | 872.0 | 847.0 | 961.0 | 699.0 | 882.0 | 825.5 | 761.0 | 924.0
Tensile strength, R. [kN/m] 915.0 884.2 818.3
Initial length of the joint, 995.0 1002.0 922.0
Lp [mm]
Length gain, ALp[mm] | 199 | 208 | 213 | 201 [ 205 | 230 | 218 [ 225 | 219 | 240 | 174 | 190 | 182 | 171 | 184
Length gain, ALp. [mm 205.2 226.4 180.2
Elongation of the tested 206 226 195

Tab. 2. Results of strength and extendability tests of adhesive-sealed joint and belt sections

Joint number | I Il
Belt extendability, £, [%] 19.8 19.4 18.5
Total length, L [mm] 1270 1270 1270
Belt length outside the joint, L, [mm] 275 268 348
Length increase, AL [mm] 54.4 52.0 64.4
Section total elongation, AL [mm] 259.6 278.4 244.6
Section total elongation, ¢, [%] 204 219 19.2
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4. Final conclusions

The results of the laboratory tests give some information
on the analysed joint from the point of view of its strength and
the data can be used to obtain on the theoretical strength of the
adhesive-sealed joint. They also form a significant confirma-
tion of the research thesis regarding the concept of monitoring
the conveyor belt joint elongation under mining conditions in
order to prevent unpredicted joint ruptures during conveyor
operation. The theoretical strength of an adhesive-sealed joint
for four flittings [4] is 75% of the belt rated strength. In the
course of the laboratory tests, the results obtained were slightly
lower than the theoretical values. The analysed samples tensile
strength ranged from 50% to 57 % of the belt nominal length-
wise tensile strength, with the lowest value obtained for sam-
ple no. III, which had been in use for two months prior to the
tests. Consequently, the resulting low value (50%) might have
resulted from partial wear of the belt, although the result obta-
ined was not particularly affected by that fact since the values
obtained in the tests of the new samples were similar (several
percent higher).

Slightly better results were obtained in case of percentage
elongation at rupture. They ranged from 19.5% to 22% for the
joint sample tested, giving values much higher than the mini-
mum belt material elongation at rupture - which should amo-
unt to 10% according to the requirement. At the same time, the
values for the exploited belt and the new ones were nearly the
same. This is proof of the good maintenance of the strength pa-
rameters of the belts and joints in spite of their being intensively
used in mining conditions for several-months.

A significant value (from the point of view of the designed
monitoring system) is the actual percentage elongation at ruptu-
re for the joint segment together with the adjacent belt material.
This follows from the necessity to indicate a site for future in-
stalling of the monitoring system markers as well as determi-
ning the boundary values for alarm signals. If a marker has to
be installed in a joint area the joint strength may be significantly
reduced. Installation of markers in the area outside the joint wo-
uld be much more comfortable and, additionally, would allow
the differentiation of installation sites to facilitate a subsequent
identification of joints. In the tests, the percentage elongation of
the measure joint length (joint + belt sections outside the joint)
at rupture was slightly lower than the percentage elongation of
the joint itself, which is a simple consequence of the difference
in the tensile strength between the joint area and the joint area

with additional belt sections on both sides. However, the values
obtained did not differ much and were mutually proportional;
they ranged from 19.5% to 22% for the joint and from 18.2%
to 21.9% for the joint measured together with belt sections on
both sides of the joint.

The laboratory tests produced some interesting information
on the extendability and strength of conveyor bet joints as re-
quired for determining alarm signal values of the future mo-
nitoring system. The aim of the system will be to prevent belt
ruptures in the joint area through a continuous measurement
and assessment of length changes of each joint, irrespective of
the joint type. However, the studies conducted so far have to be
continued and supplemented to obtain a more comprehensive
understanding of the subject. It is necessary to carry out labo-
ratory tests according to an analogous program for other types
of belts and other types of joints, including those made of new
belts as well as joints with mechanical reinforcements, if only
for the purpose of comparison. It is also indispensable to verify
the results obtained in real operation conditions and the effect
of'a dynamic type of load.

However, considering the commonness of the application
of belt conveyors in the industry as well as the absence of ef-
fective monitoring and control systems to prevent equipment
failures resulting from belt joint ruptures, one can presume that
the results of the this research work and that of the subsequent
implementation work will not only contribute to extending the
knowledge and experience as regards belt conveyor operation,
but they will also help to reduce the losses caused by the down-
times resulting from unpredicted failures.

The continuation of the conducted research and develop-
ment work is aimed not only at constructing a suitable compu-
ter system for monitoring the conveyor belt joints elongation,
but also at transforming the system into an intelligent machine,
capable of unaided reaction to changing operating conditions
and eliminating the conditions causing belt ruptures through
predicting possible future operation parameters and their con-
sequences. The intelligent system, when properly designed and
specified on the basis of actual measured data, will be assigned
with the task of making decisions on stopping the facility,
changing its operating parameters or signalling the necessity
to replace or strengthen a joint. In other words, automatically
selected operating parameters will serve as equipment protec-
tion against occurrence of critical conditions. The system will
function on the basis of a dynamic object control system based
on the neuron control model.
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