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Improved safety in the use of electric energy
in coal mines

The article features the possibilities to develop a high-speed switching device. The
device has been designed to work in dangerouns coal mines with gas- and coal dust
explosion hazards. Once the switch is implemented, the number of accidents and
breakdowns in coal mines is likely to decrease.
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1. INTRODUCTION

Safe use of electric energy in power supply systems
dedicated to the mining industry, where there are gas-
and coal dust explosion hazards [13], is traditionally
based on two operations. The first operation is regu-
lar check-up (renovation) in order to maintain proper
status of all electric devices, with particular focus on
their electric insulation. The second operation is to
cut off the damaged section of the grid in the shortest
possible time.

This concept corresponds to the issue of providing
safety in general-purpose electric power networks.
However, it is not enough in the case of industrial
facilities with explosion hazards — particularly mines.
Firstly, due to objective reasons (such as mobility of
mining equipment, high humidity and degree of du-
stiness, complex maintenance of electric equipment),
it has not been possible, so far, to provide high-
quality, stabilized and safe operations of electric
power supply systems in mines. Secondly, disconnec-
ting a damaged element with the use of a traditional
switch (overhead, gas or vacuum switch), with re-
spect to the time needed for the current protection to
start working, is 200 ms [1]. During that time, when
the concentration of gases in the atmosphere is high,
an explosion is inevitable, with all its consequences
[10]. Therefore the time to disconnect safely electric
power from the emergency section, with a proper
reliability coefficient, will not be more than 300-400
microseconds [3]. Due to this reason it is necessary to

develop new devices that would enable to switch off
electric power in a short time.

The objective of the undertaken research was to
improve the safety of electric power supply systems
in coal mines of all categories, with respect to the
content of gas and coal dust in their atmospheres. To
achieve this, the following tasks were performed:

— An explosive switch-off device with a very high
speed of operation was developed (switch-off
time up to 100 microseconds).

— A new three-phase switch was developed.

— The concept of a new-generation magnetic sta-
tion was presented.

2. PROBLEM DEFINITION

The requirements concerning the operating speed
of switches working in explosive atmospheres are
high. Therefore it is practically impossible to protect
against explosions the environments with methane-air
mixtures if an ignition source originates there. The
organizational and technical operations performed in
the mining industry all over the world only allow to
reduce the probability that the following two events
coincide: the gas content increases and an ignition
source originates.

The concept and practical development of a solu-
tion that would allow safe use of electric power in
explosive environments, including gas mines, has
become a scientific and business challenge recently.
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It is commonly known [4-6] that previous attempts
to design a high-speed switch, based on traditional
types of explosive materials, e.g. TNT (explosive bolt
rule), proved to be inefficient, as it is not possible to
follow the rules of safe use and storage of explosives
in widely understood industrial conditions. What is
more, the mining industry is characterized by high-
value power surges.

At present, both in the mining industry [2,7] and
other industrial sectors [8,9], there are new, safe and
ecological technologies whose goal is to achieve the
electrohydraulic effect. The fulfillment of these eco-
logically clean processes in different industrial sec-
tors enabled to approach the issue of developing
a whole set of electric explosion-protection devices.

3. APPLICATION OF ELECTROHYDRAULIC
ELEMENTS TO IMPROVE THE SAFETY
OF ELECTRIC POWER USE IN MINES

The development works were performed in a cer-
tain succession. The major element that enables to
achieve the stated objectives is a cut-off valve [11]
which will be connected into a synchronous three-
phase system. This system is equipped with a me-
chanical three-phase system which reduces the volt-
age generated by the load, if the load is an electric
motor (Fig. 1) [12].

The switch is composed of an overcurrent protec-
tion set (1) connected to a three-phase grid, a genera-
tor of surge currents of the electrohydraulic installa-
tion (2) connected with fuses (3) which have a form
of hollow casings with ring-shaped undercut (4) filled
with a dielectric liquid (5).

Each fuse installed in any of the three phases of the
grid has a pair of electrodes (6). The electrodes are
placed in a casing and their ends are connected with an
electric cable (7). The other ends of the electrodes,
those outside the casing, are in a series circuit and are
connected to the outlets 1 and 2 of the generator (2).
The rigid terminal block (8) of each fuse is connected
to an AC power supply network, i.e. to the phases 4,
B, C, or a DC power supply network (in the latter case
only two fuses are required). The rigid terminal block
(9) which contacts the fuse casing (3) is composed of
two parts connected by a flexible cable (10). This ter-
minal is connected to the protected network: points 4",
B! and C. The bottom parts of all chambers (3) are
equipped with blade-contact short-circuiting devices
(11) which ensure the connection that the earth-fault
circuit (12) is connected and fixed by means of springs
(13) and a pair of stationary contacts (14).

In addition, Fig. 1 features an electric motor (15)
and an alarm point K®. The springs (13), which con-
nect two parts of the rigid terminal (9) with the omis-
sion of the flexible cable (10), are stretched.
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Fig. 2. Diagram of the protection device

If there is a short circuit in the protected network
(point K), the current in the power supply network A,
B, C increases. As a result of that, the fast operating
protection (1) is switched on. It sends an impulse to the
generator (2). The generator, in turn, sends a current
impulse to the series-connected cables (7) placed in the
dielectric liquid inside the fuses (3). Next, as the short-
circuit cables get burned simultaneously (7), the pres-
sure inside the fuse casing (3) increases violently,
causing a break on the undercuts 4. Thanks to the ac-
quired Kinetic energy, the lower part of the fuse with
the short-circuiting device (11), connected to the
switch by means of a flexible cable (10), enters the
stationary contacts (14) with high speed (without vi-
brations), making an earth circuit (12).

The spring (13) keeps the short-circuiting devices
(12) in the stationary contacts (14) and ensures the
reliability of the contacts. Thus, the currents of possi-
ble extra power supply coming from the rotating
motor (15) are blocked by the circuit (12) due to the
fact that the damaged point is short-circuited. The
parameters of the cables (7), i.e. material, diameter,
resistance, are selected in such a manner that the
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cables burn almost simultaneously ensuring a small-
range electrohydraulic effect.

Using the proposed device to cut off the electric
grid of manufacturing facilities with explosion haz-
ards allows not only to separate quickly the damaged
section but also to perform its short circuit. This way
the extra power supply coming from the rotating
electric motor is cut off too.

Figure 2 features the oscillograms of load currents
achieved with the use of a one-phase device. While
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analyzing the figure, it is possible to observe that in
each case the time of switching off the load currents by
means of the electric explosive device fits a millisec-
ond range (from 0.25 to 1.01 ms). When the device is
used to protect the electric grid in an emergency state
(switching off short-circuit currents), the time of the
switch-off does not exceed 100 ms (Fig. 3).

The presented device can be used in a more ex-
tended system which allows an emergency cut off of
the endangered sections in the mine.
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Fig. 2. Typical oscillograms of switching off short-circuit current within 250 microseconds (a), 450 microseconds
(b), 700 microseconds (c), 850 microseconds (d), and 1,010 microseconds (e)
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Figure 4 presents a typical diagram of electric placed by a new-generation station (Fig. 5) which
power supply to the haulage road along with the makes use of ecologically clean protection devices
distribution of electrotechnical equipment in the and is developed on the basis of fast operating elec-
road. It can be seen in the figure that the start-up trohydraulic explosive fuses (EGDP-1, EGDP-2,
apparatus placed in the underground distribution EGDP-3 and EGDP-4).

point of the mining district can be successfully re-
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Fig. 3. Oscillograms of switching off short-circuit currents whose value is 3 kA (a), 600 A (b) and 2 kA (c)
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Fig. 5. New-generation magnetic station based on fast operating electrohydraulic explosive elements.

When the common pulse-current generator is swi-
tched on, the station should ensure the work of all
four fast operating protection devices which act as
automatic switches AFW-1, AFW-2, AFW-3, AW-1.

4. CONCLUSIONS

The conducted research resulted in the develop-
ment of a high-speed explosive device based on elec-

trohydraulic elements. The device enables to cut off
the damaged section of the grid before an ignition
occurs in the surrounding environment.

The device was the basis to develop a three-phase
new-generation switch. The performed works ena-
bled to develop a concept of an explosion-proof
magnetic station composed of new elements. The
concept allows to improve the safety of underground
electric power supply systems for all categories of
coal mines.
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