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(57) Claim

1. A breathing apparatus comprising: a motor-driven 
fan; filter means connected to the fan for removing one 
or more unwanted components from air drawn into the 
apparatus from the external atmosphere by operation of the 
fan; a facepiece or other breathing interface means 
connected to receive such filtered air; a differential 
pressure sensor comprising a flexible pressure-responsive 
member so connected to the apparatus as to be exposed on
its opposite sides respectively to the pressure within the
apparatus downstream of at least a stage of said fan and
the pressure within the apparatus upstream of at least
said stage of said fan or atmospheric pressure, and
whereby in the event of destruction of or permeability of
said pressure-responsive member to a said unwanted
component the connection of the pressure sensor provides
no pathway from the external atmosphere to said breathing
interface means which does not also include said filter 

Ocn+ro\
means; and^means for controlling the operation of the fan 
motor in response to said sensor whereby to reduce the 
throughput of the fan in response to an increase in the 
pressure differential sensed by the sensor and to increase 
the throughput of the. fan in response to a decrease in 
said pressure differential.
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The present invention relates to breathing apparatus of 
the kind known as powered respirators or power-assisced

5 respirators, in which a motor-driven fan provides a forced 
flow of filtered air to the face of the wearer to ensure 
(in normal operation) that he has an adequate supply of 
clean breathable air when worn in a contaminated 
environment.

10
A major benefit to the wearer of a powered respirator, in 
comparison to a conventional non-powered respirator in 
which the filter(s) are attached directly to the inlet of 
the facepiece, is that his lungs are relieved of the

15 strain otherwise caused by inhalation against the
resistance of the filter(s). This is particularly so in 
the case of activated charcoal and the like chemical 
filters adapted for the removal of contaminant gases 
and/or vapours from the air, which generally have

20 breathing resistances far in excess of those of dust and 
other particulate filters.

Most powered respirators are arranged to provide a 
constant ana continuous flow of air to the user

25 irrespective of his actual breathing demand at any
particular time. This is, however, quite wasteful and 
leads to premature exhaustion of the filter(s) - and 
possibly also of the batteries from which the fan is 
powered - as it is only during the inhalation phase that
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the filtered air is actually required. This problem of 
limited filter life is again particularly acute in the 
case of gas and vapour filters although it is also true of 
particle-removing filters.

5
In order to reduce this problem and effectively increase 
the useful life of the filter(s) in a powered respirator 
it has been proposed to control the operation of the fan 
motor in accordance with a sensed pressure parameter at

10 some point within the apparatus, so that the motor is 
switched off during exhalation of the user. Air is 
therefore not drawn through the filter(s) during these 
periods and the capacity of the filter(s) (and of the 
batteries for the motor) is not unnecessarily depleted.

15 For example, in United Kingdom patent specification no.
2032284 a sensor monitors the pressure in the facepiece of 
the respirator and switches off the motor when this rises 
above a certain threshold as a result of the user's 
exhalation. In United Kingdom patent specification no.

20 2141348 a sensor monitors the pressure at a point between
the filberts) and fan (the former being upstream of the 
latter) and switches off the motor when this also rises 
above a certain threshold as a result of the user's 
exhalation (and consequent closure of an inhalation valve

25 at the facepiece).
«
t

In these prior systems the pressure in response to which 
,,,, the motor is controlled is sensed as a differential with

’*·* respect to atmospheric pressure. The pressure sensors
I * «

*·ί 30 accordingly comprise a thin flexible diaphragm
communicating on its opposite sides respectively with the 
interior of the respirator at the chosen point and with 
the external atmosphere - that is to say the contaminated 
atmosphere from which respiratory protection is required.

35 , It has been found, however, that certain chemical
contaminants against which protection may be required can 
attack or otherwise readily diffuse through the materials
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from which such pressure sensor diaphragms are 
conventionally made, with potentially hazardous results 
for the user. It can also be mentioned that these prior 
art control systems are essentially full on/full off or

5 two-state systems and hence cannot properly match the 
delivery of filtered air to the changing breathing 
demands of the user.

The present invention seeks to overcome these 
drawbacks of the prior art and accordingly in one aspect

10 resides in a breathing apparatus comprising a motor- 
driven fan? filter means connected to the fan for 
removing one or more unwanted components from air drawn 
into the apparatus from the external atmosphere by 
operation of the fan; a facepiece or other breathing

15 interface means connected to receive such filtered air; a 
differential pressure sensor comprising a diaphragm so 
connected to the apparatus as to be exposed on its 
opposite sides respectively to the pressure within the 
apparatus downstream of at least a stage of said fan and

20 the pressure within the apparatus upstream of at least 
said stage of said fan or atmospheric pressure, and 
whereby in the event of destruction of or permeability of 
said pressure-responsive member to a said unwanted 
component the connection of the pressure sensor provides

25 no pathway from the external atmosphere to said breathing 
interface means which does not also include said filter 
means; and control means for controlling the operation of 
the fan motor in response to said sensor whereby to 
reduce the throughput of the fan in response to an

30 increase in the pressure differential sensed by the 
sensor and to increase the throughput of the fan in 
response to a decrease in said pressure differential.

Two particular arrangements are envisaged. In the 
first, the filter means are connected upstream of the fan

35 and the

910423,wpfldisk26,38875.let,3
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pressure-responsive member is connected so as to be 
exposed on its opposite sides respectively to the oressure 
within the apparatus downstream of at least said ptage of 
the fan and the pressure within the apparatus downstream

5 of the filter means but upstream of at least said s*-age of 
the fan. Accordingly, both sides of the pressure- 
responsive member in the pressure sensor are exposed to 
air which has already traversed the filter and neither 
side is exposed to the external, contaminated atmosphere.

10 The problem of potential attack or diffusion through that 
member by contaminants in the atmosphere is therefore 
overcome.

In some circumstances, however, it is preferred to arrange
15 a power-assisted respirator such that the filter is

connected directly to the inlet of the facepiece or other 
breathing interface means and the fan is connected 
upstream of the filter, i.e. so that it operates in a 
"pusher” mode in relation to the filter as opposed to the

20 "puller" mode described above. For example, some users
prefer this arrangement in order to minimise the number of 
sealed connections required between the filter and 
facepiece, or so that a facepiece can be prepared with a 
filter attached and a fan unit connected up subsequently.

25
In the second preferred arrangement of the invention, 
therefore, the filter means are connected downstream of 
the fan and the pressure-responsive member is connected so 
as to be exposed on its opposite sides respectively to the

30 pressure within the apparatus downstream of at least said 
stage of the fan but upstream of the filter means and the 
pressure within the apparatus upstream of at least said 
stage of the fan or atmospheric pressure. In this way, 
although the diaphragm or other pressure-responsive member

35 of the pressure sensor may be exposed to contaminated air, 
because the sensor is connected upstream of the filter 
means any contaminant which may diffuse through that
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member will be removed from the air flow prior to 
delivery to the user. In the extreme, albeit unlikely, 
event of destruction of the pressure-responsive member by 
a particularly aggressive atmosphere, the sensor can be

5 arranged to "fail safe" in the sense that it will then 
permit continuous operation of the fan motor.

In either arrangement, the sensed pressure differential 
will normally be that existing between the outlet and the

10 inlet of the fan, as being the maximum sensible
differential in the fan system, (or between the outlet of 
the fan and atmosphere in the second arrangement). 
However, in some embodiments where it is not necessary to 
work from the maximum differential other points within

15 the fan may be selected.

In a preferred embodiment, the pressure sensor is 
arranged to provide a variable output over a range of 
pressure differentials in response to which proportional

20 control of the fan throughput is effected. In this case 
the sensor may comprise an emitter and a receiver of 
infra red light or other selected electromagnetic 
radiation mounted in relation to the pressure-responsive 
member such that the level of radiation received from the

25 emitter by the receiver is dependent upon the flextiral 
position adopted by that member, whereby the output of 
the receiver signals variations in the pressure 
differential.

30 The sensed pressure differential will itself be dependent 
upon the breathing pattern of the user and the way in 
which this can be used to vary the operation of the fan

t in accordance with the user's breathing demand will now
f be further described by way of example only with

35 reference to the accompanying drawings in which:

910423,wpftdisk26,38875.!ct,5
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Figure 1 is a diagrammatic representation of a breathing 
apparatus in accordance with one embodiment of the 
invention;

5 Figure 2 is a section through a preferred embodiment of a 
differential pressure sensor for use in the apparatus of 
Figure 1;

Figure 3 is a diagram of the electronic control circuit 
10 for the fan motor of the apparatus; and

Figure 4 is a diagrammatic representation of a breathing 
apparatus in accordance with a second embodiment of the 
invention.

15
Referring to Figure 1, the schematically illustrated 
embodiment of a respirator according to the invention has 
a facepiece 1 comprising a full face mask covering the 
eyes, nose and mouth of the wearer, which is held in place

20 by retaining means (not shown) extending arcnd the back 
of the wearer's head and is peripherally sealed to the 
head of the wearer. This facepiece is of the double-mask 
kind having a vizored outer mask 2 with an air inlet 3 
provided with a one-way inlet valve 4, and an inner mask 5

25 covering just the nose and mouth which communicates with 
the space inside the outer mask through one or more one­
way valves 6. The inner mask 5 has an outlet 7 to 
atmosphere provided with a one-way exhalation valve 8.

30 Connected to the facepiece inlet 3 is the outlet 5 of a 
fan unit 10. The unit 10 comprises a housing 11 within 
which is a centrifugal or (as represented) axial fan 12 
driven by a d.c. electric motor 13 powered from batteries
14. This unit also has an inlet 15 to which is connected

35 a replaceable filter cannister 16 selected for the risk in 
which the respirator is intended for use at any particular 
time. In practice the inlet 15 may be bifurcated or

1
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otherwise multiplied for the connection of two or more 
cannisters 16 in parallel.

In operation of the motor 13, therefore, the fan 12 is 
5 driven to draw in contaminated air from the external

atmosphere through the filter cannister(s) 16 where the 
contaminant is removed, and delivers the filtered air to 
the inlet 3 of the facepiece whence it passes into the 
inner mask 5 to meet the breathing needs of the wearer,

10 and the exhalate and any excess delivered air exits 
through the valve 7. As thus far described the 
respirator is purely conventional. In addition, however, 
it is equipped with means for controlling the operation of 
the motor 13 so as to minimise unnecessary depletion of

15 the filter(s) 16, as will now be described.

Tapped in across the fan unit 10 from its inlet 15 to its 
outlet 9 is a differential pressure sensor 17. In a 
preferred embodiment this sensor is as illustrated in

20 Figure 2 from which it is seen to comprise two moulded- 
plastics housing parts 18 and 19 mating around their 
marginal edges and clamping between them the periphery of* β β ■ :

; a thin elastomeric diaphragm 20. The diaphragm thus
separates two chambers 21 and 22 within the housing, each

25 having an inlet 23, 24 for connection to the respective 
source of pressure; (although for convenience of 
illustration the sensor is shown as physically separate 
from the fan unit 10, in practice it is preferably

44 be

integrated with the fan casing with inlets tapped directly
30 into the required points). The diaphragm in this case is 

of "top hat" section having a central circular disc 
portion 25 which is joined to its peripheral portion 
through a frusto-conical portion 26 and an annular 
corrugation 27 which provides the operative flexibility of

35 the diaphragm. In response to changing differential
pressures between th'e chambers 21 and 22, therefore, the 
central portion 25 of the diaphragm moves up and down (in
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the sense as viewed in the Figure) by flexure of the 
corrugated portion 27, while remaining substantially 
perpendicular to its axis.

5 Mounted in the housing part 18 and facing each other 
across the chamber 21 are an infra-red light emitting 
diode (LED) 28 and a phototransistor receiver 29. In 
operation, the LED 28 emits a relatively wide beam of 
infra-red radiation towards the phototransistor 29,

10 perpendicular to the direction of movement of the
diaphragm 20, and the relative position of the latter is 
monitored by detection of the light energy received from 
the LED by the pho totransistor.

15 More particularly, the height of the central portion of 
the diaphragm 20 within the housing at any time depends 
upon the extent to which the pressure within the chamber 
22 exceeds that within the chamber 21. As the diaphragm 
moves up and down it occludes to a greater or lesser

20 extent the infra-red beam passing between the LED 28 and 
phototransistor 29. The light energy received by the 
phototransistor - and hence its electrical resistance - 
therefore varies in dependence upon the pressure 
differential between chambers 22 and 21 and this changing

25 resistance can be detected by a suitable circuit within a 
motor-control unit (indicated schematically at 30 in 
Figure 1) to control the operation of the fan motor 13.
A suitable implementation of the control circuit is shown 
in Figure 3, where the phototransistor 29 effectively acts

30 as a variable resistor forming a potential divider with a 
resistor R2 and thus increases and decreases the gate 
voltage applied to a MOSFET 31 as the light energy 
received by the phototransistor 29 increases and 
decreases. The varying gate voltage on the MOSFET

35 effectively varies the voltage applied across* and
therefore the current flowing through, the motor 13. The 
illustrated resistor Rl is a current-limiting resistor for

1
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the LED 28 and the illustrated diode D2 forms a return 
path for the back-EMF generated by the motor 13 when the 
voltage across the motor is rapidly reduced, thus 
protecting the MOSFET 31 from possibly damaging reverse

5 voltages.

The connection of the sensor 17 to the respirator system 
is such that its chamber 22 experiences the air pressure 
at the outlet 9 of the fan unit 10 and its chamber 21

10 experiences the air pressure at the inlet If of the fan
unit. The diaphragm 20 in this arrangement is therefore 
isolated on both sides from the external contaminated 
atmosphere, in the sense that it is exposed only to air to 
which has already traversed the filter(s) 16. Even if it

15 were to be permeable or for some reason otherwise foil to 
provide an effective seal between the two chambers 21 and 
22, therefore, its connection would provide no pathway for 
unfiltered air to reach the facepiece 1.

20 The diaphragm 20 is mounted in the sensor such that in its 
unstressed condition, with equal pressures in the chambers 
21 and 22, it is towards the lower end (in the sense as 
viewed in Figure 2) of its range of travel, clear of the 
beam of light from the emitter 28 to the receiver 29.

25 Consequently, when the motor 13 is first energised upon 
closure of the main on/off switch 32 it is initially 
supplied with full power from the batteries 14 
corresponding to the condition of maximum light reception 
by the sensor receiver 29. The motor accordingly

30 immediately accelerates the fan 12, generating a pressure 
differential between the inlet 15 and outlet 9 of the fan 
unit of a magnitude dependent upon the resistance of the 
filter cannister(s) 16 at a flow rate dependent upon the 
resistance of the cannister(s) and the mask valve system.

35 This pressure diffe.ren'tia 1 is applied across the diaphragm 
20 of the sensor 17 and the diaphragm accordingly flexes 
up to occlude the light beam passing between the emitter
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28 and receiver 29 by an amount determined by the applied 
pressure differential. The reduction in light energy 
received by the receiver 29 causes the motor-control unit 
30 to correspondingly reduce the current to the motor 13,

5 thus slowing the fan 12 and reducing the sensed pressure 
differential. The diaphragm 20 is accordingly permitted 
to relax partially, thereby increasing the light reception 
at the receiver 29, increasing the speed of the fan 12 and 
therefore its pressure differential, and so on. In

10 practice, and ignoring for the moment the effects of the 
wearer's breathing pattern, the diaphragm 20 very quickly 
attains an equilibrium position in which its degree of 
occlusion of the light beam in the sensor is in balance 
with the resultant fan pressure differential.

15
In other words, in the absence of an imposed breaching 
pattern the effect of this control system is to regulate 
the fan speed to provide a generally constant pressure 
differential across the fan unit and a correspondingly

20 generally constant flow of filtered air through the
system. In practice the operating parameters of the 
sensor and its related electronic control circuit are 
chosen so that this regulated flow is set at a modest 
level of, say, 20 litres/minute, which is just sufficient

25 to meet the breathing demand of a typical user at rest,
keeps his face cool and the vizor demisted and assures the 
wearer that the system is operating, without, however, 
leading to substantial wastage of filtered air (in 
comparison with, for example, a typical conventional

30 constant-flow powered respirator which delivers
continuously at a rate to meet a peak breathing demand of, 
say, 160 litres/minute). This regulated minimum but 
positive operating level also has the advantage of 
avoiding the high current drain which would otherwise be

35 involved in starting the motor from rest at the beginning 
of each inspiration, if the system was instead arranged 
actually to switch off when there is no inspiratory demand.

j
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Dealing now with the normal operating conditions of the 
respirator, the inspiratory demand of the wearer will 
usually be substantially greater than the regulated 
minimum flow discussed above and, as is well known, its

5 magnitude will at any particular time depend upon numerous 
factors such as lung capacity, fitness, work rate and so 
on. Normal inhalation, therefore, will cause a reduction 
of pressure at the mask inlet 3 and fan outlet 9, by an 
amount determined by the demand, with consequent decrease

10 of the pressure differential across the fan unit. The 
sensor diaphragm 20 accordingly responds by reducing its 
occlusion of the light beam passing between emitter 28 and 
receiver 29 by an amount dependent upon the sensed fan 
differential, and in the limit may move completely clear

15 of the beam. In any event, the consequent increase in 
light reception at the receiver 29 is accompanied by a 
corresponding increase in power to the motor 13 and a 
corresponding increase in the throughput of the fan to 
meet the breathing demand. At the end of inspiration and

20 during exhalation the differential pressure across the fan 
increases again and returns the sensor diaphragm 20 to (or 
possibly temporarily beyond) its regulated minimum flow 
condition discussed above.

25 In this way, the diaphragm 20 is continually adjusting its 
position throughout the operation of the system to control 
the throughput of the fan unit in accordance with the 
breathing demand as represented by the pressure
differential across the fan, between the lower limit

30 previously discussed and the maximum flow available with 
full power to the motor 13 (which may or may not be 
attained during any particular inspiration).

Two other interactions within the system are catered for
35 by the described control,means, namely increased

resistance of the filter(s) 16 due to clogging by retained 
contaminants and falling supply voltage as the batteries
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14 begin to exhaust.

As the filter(s) 16 begin to clog their resistance 
increases, and the airflow through the s/^rem for a given

5 fan speed will accordingly reduce. At low flow rates, 
such as the 20 1itres/minute minimum regulated flow which 
the control system is adapted to provide, the effect of 
the increased filter resistance is only slight and the 
corresponding equilibrium position of the sensor diaphragm

10 20 will alter only marginally from that which pertains
with fresh filter(s). The effect of this increased 
resistance during inspiration, however, will be that the 
user creates still lower pressures at the fan outlet 9, to 
which the sensor 17 accordingly reacts to cause the

15 control unit 30 to provide more current to uhe motor 13, 
and thereby compensate for the reduced flow rate, up to 
the maximum power available.

As the battery voltage begins to fall, so the current
20 which is available to the motor 13 for a given position of 

the sensor diaphragm 20 also falls with a corresponding 
reduction in the pressure differential across the fan 
unit. The equilibrium position of the diaphragm is 
therefore automatically adjusted (downwards in the sense

25 as viewed in Figure 2) in accordance with the fan
differential pressure to maintain the current to the motoy 
at a level sufficient to achieve the regulated minimum 
flow condition, and represents the new threshold position 
of the diaphragm from which it will depart in response to

30 the user's inspiration. Of course, if operation is
continued with exhausting batteries a point is ultimately 
reached in which the diaphragm's equilibrium position 
shifts completely clear of the light beam in the sensor 
17, meaning that there is no longer sufficient power left

35 in. the batteries 14 to maintain even the 20 litres/minute 
value of flow.
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Turning now to Figure 4, this shows a respirator
comprising the same facepiece 1, fan unit 10, filter 16 
and differential pressure sensor 17 as described above 
with reference to Figure 1, but in which the filter 16 is 
in this case connected directly to the facepiece inlet 3 
and the fan unit 10 is connected upstream of the filter 16 
whereby to impel air through the filter from the high 
pressure side of the fan rather than to draw air through 
the filter by its low pressure side. The pressure sensor 
17 for controlling operation of the fan motor 13 is once 
again tapped in across the inlet 15 and outlet 9 of the 
fan unit. In this arrangement, the absolute pressures at 
the fan inlet and outlet for a given throughput of the fan 
will differ from those pertaining in the arrangement of 
Figure 1 because the flow resistance of the filter 16 is 
now downstream instead of upstream of the fan, (they will 
both be higher). However, the pressure differential 
across the fan in this arrangement will be similar to that 
of Figure 1 and this differential will be affected by the 
respiration of the wearer in a similar fashion. The 
function of the sensor 17 in controlling the motor 13 in 
response to the breathing demand of the wearer and in 
providing an equilibrium low-flow condition in the Figure 
4 arrangment is therefore equivalent to that of Figure 1 
and detailed description in this respect will accordingly 
not be repeated. Furthermore, since the pressure at the 
fan inlet 15 in the Figure 4 arrangement will differ only 
slightly from atmospheric pressure throughout the 
breathing cycle, in a modified embodiment satisfactory 
operation could be achieved with the chamber 21 of the 
sensor 17 simply opening to atmosphere.

It will be appreciated that in Figure 4 the diaphragm 20 
of the sensor 17 will itself be exposed to contaminated 
air. Any contaminant which may pass through the sensor 
by diffusion through, or other defective sealing of, the 
diaphragm 20 will however be removed in the filter 16
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11

together with the contaminant in the main flow of air 
passing through the apparatus. The connection of the 
sensor in this arrangement therefore provides no pathway 
for unfiltered air to reach the facepiece 1 irrespective 
of the condition of the diaphragm. In the unlikely event 
of the diaphragm actually being destroyed, it will leave 
the light beam from emitter 28 to receive 29 unrestricted 
so that the motor 13 will then run continuously at full 
power.

The invention has been described by way of example only 
and modifications are possible within the scope of the 
invention.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. A breathing apparatus comprising: a motor-driven 
fan; filter means connected to the fan for removing one

5 or more unwanted components from air drawn into the
apparatus from the external atmosphere by operation of the 
fan; a facepiece or other breathing interface means 
connected to receive such filtered air; a differential 
pressure sensor comprising a flexible pressure-responsive

10 member so connected to the apparatus as to be exposed on
its opposite sides respectively to the pressure within the 
apparatus downstream of at least a stage of said fan and 
the pressure within the apparatus upstream of at least 
said stage of said fan or atmospheric pressure, and

15 whereby in the event of destruction of or permeabi1if’ of
said pressure-responsive member to a said unwanted
component the connection of the pressure sensor provides
no pathway from the external atmosphere to said breathing
interface means which does not also include said filter 

co n+ro\
20 means; andjmeans for controlling the operation of the fan 

motor in response to said sensor whereby to reduce the 
throughput of the fan in response to an increase in the 
pressure differential sensed by the sensor and to increase 
the throughput of the fan in response to a decrease in

25 said pressure differential.

2. An apparatus according to claim 1 wherein the filter 
means are connected upstream of the fan and the pressure- 
responsive member is connected so as to be exposed on its

30 opposite sides respectively to the pressure within the
apparatus downstream of at least said stage of the fan and 
the pressure within the apparatus downstream of the filter 
means but upstream of at least said stage of the fan.

3. An apparatus according to claim 1 wherein the filter 
means are connected downstream of the fan and the 
pressure-responsive member is connected so as to be
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exposed on its opposite sides respectively to the pressure 
within the apparatus downstream of at least said stage of 
the fan but upstream of the filter means and the pressure 
within the apparatus upstream of at least said stage of

5 the fan or atmospheric pressure.

4. An apparatus according to any preceding claim wherein 
the pressure-responsive member is connected so as to be 
exposed on its opposite sides respectively to the pressure

10 at the outlet and at the inlet of the fan.

j

• 3 

ί 
-1

* 4 t
β f r 
«II |

« » t « t ■ ’
i

t

t

« 4

5. An apparatus according to any preceding claim wherein 
the pressure sensor is arranged to provide a variable 
output over a range of pressure differentials in response

15 to which proportional control of the fan throughput is 
effected by said control means.

6. An apparatus according to any preceding claim wherein 
the pressure sensor and control means are arranged to

20 provide a constant fan throughput at a selected low flow
rate in the absence of an imposed breathing pattern within 
the breathing interface means.

7. An apparatus according to any preceding claim wherein 
25 said sensor comprises an emitter and a receiver of

selected electromagnetic radiation mounted in relation to 
the pressure-responsive member such that the level of said 
radiation received from the emitter by the receiver is 
dependent upon the flexural position adopted by that

30 member.

8. An apparatus according to claim 7 wherein said 
emitter and receiver face one another across a space 
within which the pressure-responsive member flexes whereby

35 a beam of said radiation emitted by the emitter towards 
the receiver is interrupted to a variable extent by the 
pressure-responsive member in dependence upon the pressure
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differential across that member.

9. An apparatus according to claim 7 or claim 8 wherein 
said emitter and receiver comprise respectively an infra

5 red light emitting diode and phototransistor.

10. An apparatus according to any preceding claim 
wherein said pressure-responsive member is in the form of 
a diaphragm having a disc-like central portion which is

10 joined to a fixed peripheral portion of the diaphragm
through an annular corrugated portion which provides the 
operative flexibility of the diaphragm, whereby in 
response to change in the differential pressure across the 
diaphragm said central portion moves relative to said

15 peripheral portion along the axis of the diaphragm while 
remaining substantially perpendicular to said axis.

11. A breathing apparatus substantially as hereinbefore 
described with reference to Figure 1 or Figure 4 of the

20 accompanying drawings.

12. A breathing apparatus according to claim 11 and 
substantially as hereinbefore further described with 
reference to Figures 2 and 3 of the accompanying

25 drawings.
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1 Ί .The. steps, features, compositions^
disclosed herein or referred to o-r indicated in the 
specification and/or cj,a-ims of this application, 
individually ^r--collectively, and any and all combinations 

-of -a-n-y- -tVzo^r more o-f— s-ai-d—s-te-ps -or—features , —

DATED this TWENTY FOURTH day of JULY 1989

Racal Safety Limited

by DAVIES & COLLISON
Patent Attorneys for the applicant(s)
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Fig. 3


