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Abstract
We have investigated how fibre-optic linear heat detection technology
may be used at conveyors belts in hazardous areas not only for detecting
fires, but also for detecting and locating of overheating of bearings or
blocked roller sets before the ignition of a fire. Detection of overheated
bearings enables preventive maintenance of the bearings and is an
efficient means for avoiding fires. Knowledge about the location also
enables the operator to cool overheated rollers before slowing down the
conveyor belt, thus preventing damage of belts by the heated roller.
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Introduction
Conveyor belt fires are a major risk in mining, industrial production and
power generation industries. Massive amounts of various combustible
materials, as example coal, can be present around the belt installation.
Belt or roller bearing friction may produce sufficient heat to easily ignite
a fire. Enough oxygen is present and, moreover, the moving conveyor
belt may transport burning material to other remote locations and, thus,
contribute to fast spreading of fire. If a conveyor belt is installed in
underground excavations, heat, toxic gases and dense smoke from a fire
easily spread into the air ventilation system and seriously affect safety of
people. It is therefore highly desirable, not only to detect such fires, but
also to efficiently prevent them before they occur.
Fibre-Optic Linear Heat Detection
Fibre-Optic Linear Heat Detection (FO-LHD) has been successfully used
in many fire detection applications for more than 20 years [1-3]. FO-LHD
technology is based on the temperature-dependent Raman scattering of
laser light within optical fibres. This optical effect requires little optical
power and no electricity within the application area. There are also no
individual detectors or sensor elements, but a standard optical fibre

serves as a continuous heat detector covering large distances up
to 14 km. Thousands of locations along the fibre can be analysed
regarding their temperatures using a single FO-LHD interrogator. The
temperature resolution is better than 1 °C, with a measuring interval of
0.25 m the spatial resolution can be 1 m or even better and the
measurement time is just a few seconds. A major advantage of FO-LHD
is its versatility. Spatial resolution, measurement time, fire zone positions
and individual alarm parameters for each zone are software adjustable.
Different alarm criteria may be used as required by application and local
environment, e.g. maximum temperature, rate-of-rise, and / or
temperature differences within zones (Fig. 1). Especially, the rate-of-rise
criterion triggers fire alarms much faster than fixed temperature sensors.
FO-LHD systems do not only trigger alarms, but can also control
predictive maintenance actions by issuing warnings, fault messages or
pre-alarms. Due to the purely optical effect used in the application area,
FO-LHD is immune to electromagnetic interference and may easily be
used in environments involving high voltage or large electrical power. In
fire detection, linear heat detection has the additional advantages of no
cross-sensitivity to dust and of the capability to detect excessive heat
before a fire is ignited (Fig. 2).

Fig. 1. Alarm criteria used in FO-LHD.

Fig. 2. Graphical representation of escalation from heat development
to fire.
The optical fibre is well protected with respect to mechanical or chemical
loads by integration into a fibre-optic cable. Different cable designs are
available covering different levels of load in the application areas. More
economic plastics cables are well suited for applications with lower
mechanical load. Metal-armoured cables (Fig. 3) are suited for higher
mechanical loads as they must be expected at conveyor belts. The metalarmoured cables are usually covered with a plastics outer sheath for
easier handling and installation.
We use two types of sheath material, either flame-retardant noncorrosive (FastResponse FRNC cable) or anti-static (FastReponse PEx
cable). FRNC is used in general fire detection, whereas anti-static sheath
is essential in explosive areas in gas loaded or dusty environments. FOLHD is in general compliant to requirements within explosive areas up to
zone 0 because there is no electrical power in the application area, and
optical power is low and can be safely limited. All this makes FO-LHD
well-suited for fire detection and temperature monitoring in challenging
environments. Examples are automated fire detection at industrial
conveyor belts, floating roof tanks, fuel transport rail terminals, liquid
natural gas facilities and chemical reactors.

Fig. 3. Scheme of a metal-armoured fibre-optic cable with a diameter
of 4 mm.

FO-LHD at Conveyor Belts
The purpose of this investigation is to show how FO-LHD can not only
detect fires at conveyor belts, but can also prevent them by monitoring
the temperature at the roller bearings and by triggering maintenance
actions in time. FO-LHD can, in principle, detect conductive, convective
and radiative heat. For conductive heat, the fibre-optic cable needs to be
installed in contact with the heated material, for convective heat it needs
to be placed in freely circulating air above the heat source and for
radiation, there must be a line of sight between heat source and fibreoptic cable. Different installation schemes of fibre-optic cables have been
investigated, in order to find out, which detection mode is most efficient
for fire prevention and predictive maintenance at conveyor belts.
Convective heat is most efficient for strong heat sources such as burning
fires. It has not been further investigated here because the focus of the
study is prevention of fires by in time triggering of predictive maintenance
actions. For conductive heat, fibre-optic cable has been strapped using
cable binders directly to the support steel frame of the conveyor belt, and
especially in close vicinity to the rollers. For radiated heat, the fibre-optic
cable has been spanned in air parallel to the roller with 50 mm and 100
mm distances, respectively (Fig. 4). Overheating of the roller has been
simulated by heating the roller with an open butane flame.

Fig. 4. Fibre-optic cable installed for monitoring radiated heat.
Air ventilation within a mine has been simulated in some conductive heat
tests using a fan generating a wind speed of 2.5 m/s. The roller has been
heated within 15 min to 180 °C without air ventilation and to 139 °C with
air ventilation. The FO-LHD took temperatures every 5 min during the
heating period.
For the radiative heat test, the fibre-optic cable was kept away from the
roller during the heating period. After heating the roller with the butane
flame to 300 °C, the fibre-optic cable has been placed in 5 or 10 cm
distance as described above. The roller cooled down to about 180 °C
within 3 min.

Simultaneously with the FO-LHD test measurements, roller and support
frame temperature profiles have been monitored by thermal imaging and
laser measurements (Figs. 5 and 6).

Fig. 5. Thermal image and temperature of roller support frame during
conductive heat test.

Fig. 6. Thermal image and temperature of heated roller before radiated
heat test.

FO-LHD Test Results
Conductive heat lead to fibre-optic cable temperatures of 54 °C without
wind and 50 °C with wind (Fig. 7). Obviously, the fibre-optic cable is
efficiently heated by heat conduction within the available time, and wind
does not much affect the FO-LHD interrogation in this configuration. The
initially faster increase of temperatures with ventilation has been
confirmed by laser temperature measurements and is thus not an artefact
of FO-LHD. In both tests, with and without wind, the temperature increase
detected by FO-LHD is significant, and well suited for triggering alarms
by overheated rollers.

Fig. 7. FO-LHD temperatures during conductive heat tests.
During the radiated heat tests, the fibre-optic cable temperature
increased from ambient 17 °C to 24 °C after 2 min at 5 cm distance and
to 23 °C after 3 min in 10 cm distance (Fig. 8). The difference between
temperature readings at both distances is small, which may be related to
the fact that both distances are smaller than the diameter of the roller.
Altogether, heating of the fibre-optic cable be radiation is much less
efficient than heating by conduction. Nevertheless, temperature
increases of 6 to 7 °C are much larger than the temperature noise of the
FO-LHD system and may also be useful for triggering preventive
maintenance actions. Especially, temperature differences within zones
may serve as trigger of actions from such small temperature effects since
this criterion is not so much affected by changes of ambient
temperatures.

Fig. 8. FO-LHD temperatures during radiative heat tests.
Conclusion and outlook
Both, conducted and radiated heat generate elevated temperatures
within the fibre-optic cable at roller temperatures of a few 100 °C. This
enables early detection of roller overheating and consequently the
prevention of fires in hazardous areas.
Besides the clearly better sensitivity, installation of the fibre-optic cable
directly at the steel support frame has the advantage of better mechanical
protection of the cable. Free spans of cable as they must be used for
radiated heat expose the cable to material falling from the conveyor as
well as mechanical load from cleaning or maintenance actions.
In summary, we have shown that FO-LHD with a metal-armoured
FastResponse fibre-optic cable installed at the steel support frame in the
vicinity of rollers is sensitive enough to detect overheated rollers in an
early stage where the roller temperate is still too low for igniting fires. A
single FO-LHD system has the capability to monitor multiple fibre routes
with lengths up to 14 km and is thus suited for the surveillance of the
entire length of long conveyor belts.
References
[1]

M. Fromme, M. Olschewski, F. Kammann, B. Horbach and W. Hill,
Linear Heat Detection in Special Applications, 15th Internat. Conf. on
Automated Fire Detection, AUBE´14, Proc. vol. II, pp. 59-66,
Duisburg, Germany, 2014.

[2]

M. Brünne, A. Gomell, A. Pflitsch, W. Furian and B. Horbach, OFDR
Temperature Sensing Using Existing Fibre-Optic Communication
Cables – An Application for Automated Fire Detection?,
16th Internat. Conf. on Automated Fire Detection, AUBE´17 & 2017
Suppression, Detection, Signalling Research and Applications Conf.
SUPDET, Proc. vol. II, pp. 167-174, Hyattsville, USA, 2017.

[3]

J. Toko, M. Fromme, B. Horbach and W. Hill, Automated Fire
Detection and Suppression in a Retrofitted Tunnel Using Fibre-Optic
Linear Heat Detection, 16th Internat. Conf. on Automated Fire
Detection, AUBE´17 & 2017 Suppression, Detection, Signalling
Research and Applications Conf. SUPDET, Proc. vol. II, pp. 297302, Hyattsville, USA, 2017.

