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@ Explosive gas detector.

@ A miner's cap lamp operates in conjunction with a gas
detector which is connected to the cap lamp battery and is
exposed to gas directly around the gas detector, which is
normally mounted on or nearby the miner's helmet (22}. The
detector is electrically connected to the lamp itself so that
when a dangerous gas concentration is sensed, the lamp is
caused to flash to provide a warning signal to the miner. The
gas detector's sensing head and other heat-sensitive compo-
nents are mounted in a casing (5) that is separate from the
lamp housing (1) and are therefore protected from heat
generated by the lamp.
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- EXPLOSIVE GAS DETECTOR

FIELD OF THE INVENTION

This invention relates to a detector for explosive gases,

particularly for detecting the presence of methane and/or carbon

monoxide in underground mines.

BACKGROUND TQ THE INVENTION

Many different gas detectors for use in underground mines are
already known. Some of these detectors are units which have to
be carried, rather than being worn on the person. They
therefore have the disadvantage that they can be put down and
forgotten and that inevitably they are not carried by their
owner all the time. There are thus times when the owner of the
device is not in a position to be given a warning of the
presence of explosive gas. It is of course also inconvenient to

have to carry an extra item of equipment.

There are also electronically-operating detectors which are worn
on the body, generally requiring a pump to pump the atmosphere
to be sensed across a detector element. The use of a pump 1s an

undesirable drain on battery power.

It is known from United States patent 4,263,588 to provide a
miner's helmet with a lamp which incorporates a detector for
signalling the presence of dangerous gases. The lamp and
detector are described as being in some cases integral with the

helmet, or the lamp housing (including a compartment in which
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the electronic circuitry for the detecting and signalling
mechanisms are contained) may be removable from the helmet. 1In
either case the detector and the lamp are contained in a common
housing. They draw power from a battery to which they are

connected by a cable.

This arrangement has the advantage that the detector is disposed
relatively high on the miner's body, and no pump is needed to
bring the atmosphere to the detector for testing. Since the
chief dangerous gases are light and tend to collect at the top
of the mine excavation, it is particularly suitable for the

detector to be mounted at the level of the miner's head.

However the arrangement described in United States patent
4,263,588 has the substantial drawback that the detector and the
lamp are unitary. Since the temperature of the filaments in a
modern miner's cap lamp may exceed 1000°C, and the temperature
in the space between the globes and the reflector exceeds 100°C,
the heat build-up is considerable, and heat-sensitive components
of the detector in the common housing tend to be damaged,
particularly as the detector itself generates heat. Further,
existing lamps cannot be fitted with a detector as and when
required. Also, the detector, which is relatively complex and
delicate in comparison with the lamp (apart from the lamp
globes) cannot be replaced independently of the lamp should the
detector fail. The common housing also tends to limit the size
of the filter (usually a sintered disc) used at the air inlet to
the detector. As this disc may easily clog it should be made as

large as possible.

An object of the invention is to provide a miner's cap lamp
arrangement in which these disadvantages are overcome or at

least mitigated.
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SUMMARY OF THE INVENTION

According to the present invention, there is provided an
electrically operated explosive gas detector for use in
conjunction with a miner's cap lamp unit which includes a lamp
housing, the detector being adapted to draw power from a battery
of the unit and having a sensing head which obtains a sample of
atmosphere to be sensed directly from the atmosphere surrounding
the sensing head itself, characterised in that the sensing head
and its associated heat-sensitive components are mounted in a

casing separate from the lamp housing.

The casing for the sensing head and its associated heat-
sensitive components may conveniently be fixed to the lamp
housing directly or through brackets or the like which space
this casing away from the lamp, or the casing may be mounted on

a cable connecting the cap lamp to the battery.
The sensing head preferably works on the diffusion principle.

The invenfion also provides a miner's cap lamp unit including a
battery and having an electrically operated gas detector
connected to the battery of the unit and having a sensing head
which obtains a sample of atmosphere to be sensed directly from
the atmosphere surrounding the cap itself, the lamp having a
switch wired together with the detector so that when the switch
is turned on the lamp will only begin to operate correctly if

the detector is in a working condition.

For example, the circuitry may be arranged so that when the lamp
is first switched on and the detector is in a working condition,
the lamp light first comes on and then flickers for a short
period to indicate that the detector is in an operative
condition, before the light becomes steady. If the detector is

not in a working condition, the light will not flicker.
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Also, when an explosive gas is detected the lamp preferably
flickers so as to provide a clear indication of the presence of
an explosive gas whilst still retaining sufficient illumination

for the wearer to see his way away from the location of the gas.

The detector casing may be mounted on the side or the top of the
cap lamp or as mentioned earlier, on the cable leading from the
battery to the lamp and preferably near the lamp, between the
lamp housing and a clip which is usually provided on the side of
the cap to guide the cable away from the front of the cap. 1In
any event the detector may be included in newly constructed cap

lamps, or may be fitted to existing lamps.

Cap lamps are usually held on to the helmet by a releasable
fastening, so that the lamp on the end of its cable can be
removed. This facility makes it possible to move the gas
detector about to discover where the explosive gases are. For
example, if the cable is long enough, the lamp with the detector
can be raised at arm's length to see if there is a dangerous
concentration of gases at the level of the hanging wall.
Similarly, the lamp on the end of its lead could be lowered into

a tank to test for explosive gases.

Furthermore, the positioning of the detector at head level is
desirable because explosive gases in general and methane and
carbon monoxide in particular are both lighter than air and will

collect at the top of a mine excavation.

The sensing head is preferably of the gas-sensitive semi-
conductor type and incorporates a stainless steel flashback
arrestor and a sintered filter disc which may for example be of
stainless steel, copper or brass. The electronic circuitry can
suitably be provided in microship form arranged to operate an
electro-mechanical relay which switches the light on and off
through an oscillator. The circuitry and relay and other heat
sensitive components are enclosed in the casing, which may be a

moulded plastics body sealed by shock-resistant silicon rubber.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be further described, by way of example,

with reference to the accompanying drawings, in which:

Figure 1 is a perspective view of a miner's helmet fitted with a

cap lamp and gas detector according to the invention;

Figure 2 is a diagrammatic view of the electronic components in

the sensing head of the gas detector of Figure 1;

Figure 3 1is a schematic circuit diagram of the gas detector of

Figure 1;

Figure 4 is an exploded perspective view of the lamp and gas

detector of Figure 1;

Figure 5 is a cross-sectional view through the lamp and gas

detector of Figure 1, taken on the line V-V in Figure 1;

Figure 6 is a perspective view of an alternative cap lamp and

gas detector for mounting on a miner's helmet of the type seen

in Figure 1; and

Figure 7 is a plan view of a miner's helmet fitted with a

further alternative arrangement of a cap lamp and gas detector.

DESCRIPTION OF PREFERRED EMBODIMENTS

The lamp housing 1 fitted on a helmet 22 in Figure 1 can be of
any suitable type, with an on/off switch 2 in a circuit between
a battery 14 and a bulb 3. The lamp housing 1 is connected to
the battery 14 by means of a cable 4. As is known, operation of

the switch 2 causes the lamp to light.
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A gas detector casing 5 is fixed to the top of the lamp housing
1. The detector casing 5 contains a sensing head 6 mounted to
one side of the casing 5, and it is this sensing head which

picks up the presence of explosive gases.

The gas detector is connected into a circuit (Figure 3) which
includes the battery 14, the bulb 3 and the switch 2 by means of
wiring which passes from the casing 5 directly into the lamp

housing 1.

The sensing head 6 is a gas-sensitive semi-conductor sensor
based on n-type sintered SnO2. When combustible or reducing
gases are adsorbed on the sensor surface, a marked decrease of
electrical resistance across the sensor occurs. The electrical
circuit of the sensor is shown in Figure 2, and this includes a
heater coil 7 which raises the temperature of the sensor 8 above
ambient temperature, to bring it into operation. The two
terminals attached to each side of the semi-conductor 8 are
connected internally of the sensor unit, and the sensor unit is
then connected into an electrical circuit by means of the
connections 9 and 10, so that the circuit reacts to changes in
the resistance of the semi-conductor 8 between the connections 9
and 10. The sensing head 6 includes a stainless steel mesh
flashback arrestor (not visible in the drawings), and a sintered

filter disc 11 set in an aperture in the éasing 5.

The electrical circuit associated with the sensing head is in

microchip form and operates a normally closed electromechanical
relay 16 the circuit includes an oscillator comparator 18 and is
incorporated in the circuit supplying the bulb 3. The function

of the circuit is as follows:

When the switch 2 is initially operated, the bulb 3 lights up
and at the same time current is fed to the heating coil 7 (not
shown in Figure 3). Until the semi-conductor 8 reaches its
operating temperature its resistance is below a predetermined
value so that the oscillator comparator 18 in the electrical

circuit causes the light to flash at approximately one cycle per
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second for about 10 to 120 seconds. When the operating

temperature of the semi-conductor B is reached due to the
heating by the coil 7, the light becomes steady again and
remains steady. When an explosive gas is detected thereafter by
the sensing head, the resistance of the semi-conductor
decreases, and this causes the oscillator in the electrical
circuit to be brought into operation again to open and close the
relay 16 to cause the light to flash. When the relay 16 is
open, a small current passes to the bulb 3 through a resistor
20. The light therefore actually switches between bright and
dim. The flashing light then provides an indication of the
presence of an explosive gas. When the gas concentration again
decreases, the resistance of the semi-conductor rises, and the
oscillator 1s no longer activated so that the light again

becomes steady.

It will be noted that due to the current path through the
resistor 20 the light remains on even when the relay 16 is open,
in practice the current through the resistor is preferably about
half the current required for a normal bright light condition
where the relay 16 is closed. This arrangement reduces the
surges in the circuit which can reduce the effective life of the
battery. Such surges would become particularly detrimental if

the light was switched completely off when the relay 16 opened.

In practice, when a miner collects his cap lamp unit beforer
going down a mine, he will switch the lamp on. Normally the
light will flash for a period before becoming steady, and the
miner will not go down the mine unless and until the light has
become steady, indicating that the sensing device 1is
operational. To guard against the unlikely possibility of the
sensing device failing whilst the miner is down the mine, it may
be possible to include in the electrical circuit a second
oscillator circuit which will produce oscillations with a

different characteristic on failure of the sensing device.



10

15

20

25

0066472

»

The sensing head 6 can conveniently be of the type sold at the
time of filing this application by Figaro Engineering Inc. of

the United States of America under the designation TGG 812 or

813.

The electrical circuit can be a hybrid type in a microchip form
which draws a maximum current of 110 mA which will be
insufficient to have any noticeable effect on the power
available from the battery. The relay 16 can be a suitable
electromechanical type working at an operational voltage of a

minimum of 3,5 volts.

In Figure 4 it can be seen that the detector casing 5 can be
removed from the lamp housing 1. The electrical cables 20 are
shown broken but in practice suitable plugs and sockets are
usually provided to facilitate electrically connecting the
detector to the lamp. Detectors can thus be readily changed or
replaced or added to a lamp casing as reguired. The detector
casing 5 is secured to the lamp housing 1 by two bolts 23 and
24.

In Figure 5 it can'be seen that a base plate 26 of the detector
casing 5 is provided and is formed of a heat insulating material
to reduce any transfer of heat from the lamp to the detector

casing 5.

The sensing device decribed can sense methane, hydrogen,
hydrogen sulphide and carbon monoxide, which are the main
dangerous gases underground. In particular, the sensing device

can be adjusted to detect the following gas concentrations:



10

15

20

25

30

0066472

Using TGS 812 sensor:

Methane 10 000 PPM by volume
Hydrogen 30 PPM by volume

Hydrogen Sulphide 10 PPM by volume
Carbon Monoxide 250 PPM by volume

Using TGS 813 sensor:

Methane 10 000 PPM by volume
Hydrogen 1 100 PPM by volume
Hydrogen Sulphide 300 PPM by volume
Carbon Monoxide 20 PPM by volume

Advantages of the detector described are that it provides a
continuous monitoring function of the atmosphere just above the
miner's head, i.e. in the area where the highest éoncentration
of explosive gases will build up. No pump is necessary to pass
the gases over the detector, and thus a possible additonal

source of battery drain is avoided.

The sensing head 6 may be physically separated from the
circuitry in the casing 5, for instance by locating the sensing
head 6 on the cable 4. 1If this is done, it will be advantageous
to mount at the sensing head 6 near the point where the cable 4
enters the lamp housing 1, so that the sensing head will be at
the highest point for reasons already given. However the

invention extends to mounting of the sensing head and/or the

‘electronic circuitry at any point along the length of the cord

between the cap lamp and the battery 14, usually worn at the

miner's waist.

In other possible alternative arrangements, the sensing head may
be mounted apart from the cap lamp or its cord, provided that
electricity for the sensing head and its associated circuitry is

still drawn from the battery.
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Figure 6 illustrates an embodiment in which a gas detector
casing 30 containing components similar to those described above
with reference to the gas detector of Figures 1 to 5 is attéched
by means of metal brackets 32,34 and fixing bolts 36,38 to the
top of a housing 40 of a miner's cap lamp. The lamp is adapted
to be removably attached to a miner's helmet by a clip 42 or
other conventional means. A short length of flexible cable 44
connects the circuitry of the gas detector in the casing 30 to
the circuitry of the lamp, which is powered by a battery (not
shown) at the end of a cable 46. Glands 48,50 are provided to
ensure the sealing of the cables 44 and 46 respectively where
they enter the housing 40, and a similar gland (not visible) is
provided on the gas detector casing 30 where the upper end of
the cable 44 enters this casing. The casing 30 has a window
fitted with a sintered disc 52 which is a part of the sensing
head of the detector.

In Figure 7, a miner's helmet 60 is fitted with a cap lamp
having a housing 62 that is powered by a battery (not shown)
through a flexible cable 64. A clip 66 on the helmet towards
its rear holds the cable away from the miner's face. A gas
detector casing 68 is located in the cable 64 between the lamp
housing 62 and the clip 66, and incorporates similar components
to those described with reference to the earlier embodiments.
The sintered filter 70 forming part of the sensing device of the
gas detector is in this version a band which extends around the
periphery of the casing 68. A portion 64A of the cable 64
between the gas detector casing 68 and the lamp housing 62 is
modified to include the wires necessary to act upon the

components of the lamp in the housing 62.

It will be clear that in the embodiment of Figure 7 the gas
detector housing 68, being located alongside rather than above
the lamp housing 62, is unlikely to be damaged by contact with

the hanging wall of the excavation. Further, since the gas
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detector's weight is located further rearward than in the
previous embodiments, there is a lesser tendency in this version

for the helmet to tip forwards on the miner's head.

In all the embodiments discussed the gas detector's heat-
sensitive components are located in a casing that is separate
from the lamp housing, and thus the possibility of damaging
these components or impairing their functioning by exposure to
the heat generated in the lamp is eliminated or at least reduced
to acceptable levels. Further, the invention allows a gas
detector to be fitted to existing cap lamps with the minimum of
structural changes to the cap lamp unit. The lamp and the gas
detector also remain 1independently accessible and replaceable in
the invention in the event that either needs repair or fails

entirely.
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CLAIMS

1.

An electrically operated explosive gas detector for use in
conjunction with a miner's cap lamp which includes a lamp
housing(1,40,62), the detector being adapted to draw power
from a battery(14) of the unit and having a sensing head(6)
which obtains a sample of atmosphere to be sensed directly
from the atmosphere surrounding the sensing head(6) itself,
characterised in that the sensing head (6) and its associated
heat-sensitive components are mounted in at least one casing

(5,30,68) separate from the lamp housing(1,40,62).

2.
A gas detector as claimed in Claim 1, characterised in that the
gas detector casing (5) is mounted directly on the lamp

housing (1).

3.
A gas detector as claimed in Claim 1, characterised in that the
gas detector casing (5,30) is spaced a fixed distance away from

the lamp housing (1,40).

4.

A gas detector as claimed in Claim 1, characterised in that the
gas detector casing (68) is located in a cable (64) connecting
the cap lamp to the battery (14).

5.
A gas detector as claimed in any preceding claim, characterised
in that the sensing head (6) is a gas-sensitive semi-

conductor sensor.
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6.

A gas detector as claimed in any preceding claim, characterised
in that the sensing head (6) is connected in an electrical
circuit which provides an activating signal for causing the

iamp to flicker when a dangerous gas concentration is sensed.

7.

A gas detecor as claimed in Claim 6, characterised in that the

circuit includes an oscillator (18).

8.
A gas detector as claimed in Claim 6 or Claim 7, characterised

in that the sensing head (6) and the circuit are mounted together

in a common casing (5,30,68).

9.

A gas detector as claimed in Claim 6 or Claim 7, characterised

in that the electrical circuit is housed apart from the sensing
head (6).

10.
A gas detector as claimed in any of the preceding claims wherein
the circuit includes a switch (2) for the cap lamp, characterised

in that the circuit is arranged so that the lamp will only operate

steadily if the detector is in a working condition.

1l.

A gas detector as claimed in Claim 10, characterised in that the
circuit is arranged so that when the lamp is first switched on,

the lamp flickers from bright to dim for a short period and then
(in the absence of a dangerous gas concentration) becomes steady

to indicate that the detector is in a working condition.
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