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Abstract

highlighting the importance of regular diagnostics of the presses.

This study presents an assessment of the thermal uniformity of heating plates in vulcanizing presses used for splicing conveyor belts. A malfunctioning
press can result in defective splices, potentially causing interruptions in material transport and leading to significant production losses. The research
involved an analysis of temperature distribution on the surface of the heating plates—two in a lab and two in industrial settings using a thermal imaging
camera. The results revealed considerable non-uniformity in both the heating rate and the steady-state temperature - with temperature differences
reaching up to 40 °C within a single heating plate. Such deviations may lead to uneven vulcanization and reduced quality of the resulting belt joints,
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Introduction

Wherever conveyor-based transport is used, the need
for belt splicing arises. In certain industries, such as ports
and chemical plants, the demand for conveyor systems is
increasing, and so are the requirements for their reliability.
Eliminating potential causes of failure, such as poorly made belt
splices, is therefore crucial. A copper ore supply interruption
to a processing plant due to a splice failure lasting several
hours (the typical time required for repair), or exceeding a
ship’s scheduled port time due to unloading issues, can result
in significant financial losses (e.g., reduced copper production
or contractual penalties for time overruns).

One potential cause of poor splice quality is the lack of
verification of the proper functioning of the vulcanizing
presses used to make the splices. During the vulcanization
of conveyor belt splices, heat is delivered from the external
press and transferred into the rubber (belt). The heat transfer
rate depends on the efficiency of thermal exchange between
the heating plates and the belt, the thermal conductivity
of the cover rubber (fresh uncured rubber), and the belt
core (a previously vulcanized layer from belt production).
A schematic of the belt positioning in the vulcanizing press
during vulcanization is shown in Figure 1.
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‘ Figure 1: Schematic of belt placement in the vulcanizing press during vulcanization. ‘

Repeated heating of steel-cord belt cores weakens the
adhesion between the core rubber and the cords [1,2].
Similarly, the inter-ply rubber in textile belts becomes less
resistant to shear forces within the splice [3]. Therefore, the
belt core should not be exposed to prolonged re-heating of the


https://crossmark.crossref.org/dialog/?doi=10.61927/igmin304&domain=pdf&date_stamp=2025-05-26

ISSN 2995-8067

DOI: 10.61927/igmin304

ply rubber, as it may lead to the breaking of sulfur bonds (i.e.,
devulcanization) and the formation of new ones [4]. In steel-
cord (St) belts, uncured rubber strips are inserted between
cleaned cords and should be vulcanized under conditions
similar to the cover layers - or even slightly longer - since
studies show this improves rubber-to-cord adhesion [5].

Conversely, the cover rubber should be vulcanized for
a slightly shorter time than the core to ensure the desired
abrasion resistance, resulting from proper cross-linking and
curing [5]. The vulcanization time must be adequate to provide
a strong bond between the old core and the new covers and
ensure high tensile strength of the entire splice. Natural
temperature non-uniformity across the vertical cross-section
of the splice - due to low thermal conductivity of rubber -
makes it challenging to meet the opposing temperature and
time requirements for vulcanizing different layers.

Currently available diagnostic systems (e.g., magnetic or
X-ray) can evaluate cord alignment and splice geometry [6,7],
but they cannot assess whether the vulcanization process was
carried out properly. This aspect has a significant impact on
the mechanical properties and long-term reliability of the
belt splice. To maximize the service life of belt splices, the
entire splicing process must be conducted with utmost care
- from thorough preparation according to industry standards
and belt manufacturer guidelines to correct execution of
vulcanization. Even the most carefully prepared splice will not
meet requirements if the vulcanizing press is not operating
correctly - something the operator may not be able to fully
verify.

Despite the critical role of uniform heating, the thermal
performance of vulcanizing press plates remains insufficiently
studied, especially under real industrial conditions. This study
aims to evaluate the thermal uniformity of vulcanizing press
plates using infrared thermography to identify potential
sources of splice failure. Advanced thermal methods can
complement traditional splice evaluation systems by revealing
hidden curing issues.

Materials and methods

Recognizing the need for diagnostics of vulcanizing presses,
preliminary studies were conducted at Wroctaw University
of Science and Technology to evaluate the temperature
distribution across the heating plates of a vulcanizing press
using a thermal imaging camera. Infrared thermography has
proven to be a reliable non-contact method for industrial
temperature diagnostics and failure prevention [8].

To assess the thermal uniformity of heating plates in
vulcanizing presses, a FLIR T640 thermal imaging camera was
used; the device features a detector resolution of 640 x 480
pixels, a thermal sensitivity of < 0.04 °C, a spectral range of
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7.5 pm - 13 pum, and a measurement accuracy of +2 °C or £2%.
The camera allows manual adjustment of key parameters,
including emissivity, object distance, reflected temperature,
and relative humidity. Accurate thermal readings depend
on proper calibration and environmental compensation,
especially regarding surface emissivity and reflected
temperature [9].

Tostandardize surface conditions foraccurate temperature
measurement, a thin layer (0.1 mm) of material with high
thermal conductivity and a uniform emissivity coefficient was
applied to several areas of the plate surface. These reference
zones were used as predefined measurement points for
evaluating temperature distribution.

Measurements were conducted in controlled indoor
environments. Efforts were made to minimize external
radiation sources (e.g. sunlight, reflections), and the ambient
temperature was stabilized prior to testing. The reflected
apparent temperature was measured and input into the
camera settings, along with the distance from the camera to
the plate surface and humidity.

The data collected by the thermal camera were exported
using the manufacturer’s software into CSV files containing
pixel-wise temperature values of the thermal image.
Further data processing and analysis were performed
programmatically using the Python programming language
and the pandas, numpy, matplotlib,and OpenCV (cv2) libraries.
This included data transformation, thermal visualization, and
statistical analysis (e.g., mean temperatures and standard
deviations for defined regions).

Results

The obtained thermal maps revealed that the heating
and temperature maintenance processes lacked uniformity.
Figure 2 illustrates the temperature distribution on the plate
surface.

The tests confirmed that the two plates heated at different
rates. A comparison of their heating rates is shown in Figure 3.
Red areas represent Plate 1 temperatures, while gray areas
represent Plate 2.

Even though the plates were manufactured by the same
producer, they differed in both heating speed (time to reach
target temperature) and final steady-state temperature.
These findings underscore the need for diagnostics to ensure
the proper performance of vulcanizing equipment - essential
for achieving high-quality splices with optimal mechanical
properties.

Similar tests were conducted under industrial conditions.
Two sets of heating plates were examined, with dimensions of
1000 x 1000 mm and 650 x 1200 mm (Figure 4). The results
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Figure 2: Example of thermal visualization of heating plate surfaces at the start of
heating and approximately 50 minutes later.
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Figure 5: Surface temperatures of heating plates in industrial settings, based on
thermal imaging tests.
Temperature range over time for each heating plate
160
140 1 Table 1: Summary of temperature distribution across measurement sections for
10 selected heating plates (mean, standard deviation, minimum and maximum values). All
k) 0o temperatures in degrees Celsius.
v 100 1
2 Time Minimum Maximum Average Standard
‘E’ 80 [minutes] temperature [°C] temperature [°C] temperature [°C] deviation [°C]
® s 0 21.40 21.72 21.58 0.06
@ 5 22.61 59.89 36.29 12.32
204 10 46.00 105.06 72.32 16.35
° 1w oo @ = 15 75.67 139.26 104.88 15.79
Time [minutes]
20 101.56 160.22 130.80 14.94
Figure 3: Comparison of heating rates for the plates. 25 122.79 160.22 147.23 10.49
30 122.83 160.22 144.57 9.82
confirmed the findings from the university lab, revealing 35 119.25 148.48 134.33 5.55
temperature variations of up to 40 °C on a single plate 40 125.46 15336 138.88 4.97
(Figure 5). In both industrial cases, the target temperature 45 118.22 148.28 131.48 552
50 127.30 157.22 140.72 5.45
was set at 145 °C.
55 120.63 142.03 131.21 3.62

Table 1 presents example results illustrating the
temperature variation across the surface of one of the tested
heating plates, recorded at 5-minute intervals. These values
represent the minimum, maximum, average temperatures, and
standard deviation calculated from all measurement points on
the plate at each time point. The data clearly demonstrate the
dynamic changes in thermal distribution during the heating
process and highlight significant non-uniformity at steady-
state conditions.

Discussion

The study showed noticeable differences in heating rates
across various regions of the plates, as well as different
final temperatures at steady state. This means that one side
of the spliced conveyor belt may already be undergoing
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vulcanization while the other is still heating up. As a result,
the faster-heating side undergoes vulcanization for up to 50%
longer.

Given the significant impact of splice quality on conveyor
system reliability, ensuring proper splice execution is crucial.
To maximize splice life, every step—preparation, alignment,
and vulcanization - must be performed meticulously.
However, even perfectly executed joints can fail if the press
is malfunctioning - something often beyond the operator’s
direct control.

The primary limitation of this study is that the thermal
imaging measurements were conducted on uncovered heating
plates, without the conveyor belt present between them,
as would normally be the case during actual vulcanization.
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Although consistent across laboratory and industrial tests,
this setup may lead to increased heat loss through convection
and radiation, as the belt typically serves as a thermal mass
and influences heat retention and distribution.

Future work will focus on the development of a dedicated
diagnostic device for evaluating the temperature distribution
in vulcanizing presses, enabling more accurate, standardized
assessments under real operating conditions.

Conclusion

Uniformly achieving the target temperature within the joint
and maintaining it for the appropriate duration determines
the quality of vulcanization, and consequently, the mechanical
strength and longevity of the joint (ideally matching or
exceeding the belt’s service life) [10,11]. The quality of splices
also affects the reputation of service providers. A single failed
joint causing conveyor damage and production downtime can
significantly damage a company’s reputation and may result
in financial liability. Clients increasingly demand performance
guarantees, often including Contractual penalties for splice-
related failures. Therefore, regular diagnostics of vulcanizing
presses should become standard practice.
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