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SPECIFICATION
Improvements relating to gas sampling devices

This invention relates to a gas sampling device for
obtaining a sample from a gas stream. The invention
is particularly but not exclusively applicable for use
with breath alcohol detection or analysis.

When collecting a sample of breath for alcohol
analysis as a means of estimating the blood alcohol
concentration, itis desirable to collect the sample at
a carefully selected stage in the exhalation. In many
cases this should be as close as possible to the end
of the expiration, which should be as full as the
subject can achieve. However, it is not generally
possible to make an accurate analysis by relating the
stage or timing of the sample to the the volume of air
exhaled, since this varies according to the size of the
subject and the state of the lungs. If the timing of the
sample is achieved by an automatic volumetric
metering device after a certain volume of breath has
been exhaled, the metering device would have to be
set to a very small volume level for use with small
subjects with poor lung function. The volume setting
would then be too small for a heaithy, large subject,
and the blood alcohol concentration would conse-
quently be under-estimated.

Another difficulty experienced in prior devices is
that the moist breath entering the instrument tends
to condense and the water droplets, sometimes
mixed with liquid alcohol or other impurities, disturb
the proper functioning of the instrument.

When such an instrument is to be used by police, it
is also desirable that it should be as far as possible
fully automatic. If the timing of the sample is decided
individually by each police officer, it is possible that
errors may occur. On the other hand, itis also
important that the instrument should be simple and
easy to operate and as far as possible foolproof.

It has already been proposed to construct a breath
sampling device operated automatically by a com-
bination of a positive pressure switch actingon a
pre-set delay timer circuit. This, however, suffers
from many of the disadvantages mentioned above.
The present invention is based on the concept of
using a change in pressure in a main gas flow tube to
initiate the sampling process.

According to the invention there is provided a gas
sampling device for use in apparatus for detecting a
constituent in a gas, comprising a displacement
element in the form of a movable piston or di-
aphragm arranged to draw a sample of gas through
an inlet passage into a sampling chamber, the
displacement element being automaticatlly displace-
able from an actuating position in response to a
change in gas pressure or a change in flow rate in
the inlet passage so as to draw a sample of gas into
the chamber.

When a suspect breaths into the main flow tube
the rate of flow will rise and then after a period it will
fall. The sampling device of the present invention
can be designed to trigger the displacement element
automatically when the rate starts to fall. In this way
the sample is taken at a late stage in the exhaling of
the breath so that the test is applied to the alveolar
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breath, from the deep lung.

Preferably the device includes a venturi in the
main flow passage to generate suction which acts on
the displacement element. Thus, when the flow rate
falls, the suction is reduced, and the displacement
element is released. This avoids having excessive
quantities of moist gas entering the instrument itself.

The displacement element is preferably spring
biased away from the actuating position and is
latched in the actuating position with the spring
pre-stressed, for example by means of magnets ora
mechanical latch or detent. Thus, the displacement
element moves rapidly when it is automatically
released. ' 7

The sampling chamber, or an associated chamber
contains.a gas detector or sensor which may, for
example, be a fuel cell for generating an electric
potential dependent upon the quantity of alcohol in
the gas sample. When applied to a breath testing
instrument the gas detector is coupled to an electric-
al output or display element. The device may be so
constructed that the displacement element is moved
manually into its actuating position and then re-
leased automatically by the change in gas pressure
or the change in the gas flow rate. Alternatively, the
displacement element may be moved into the
actuating position, and subsequently released there-
from by a change in the gas pressure or the gas flow
rate.

The invention may be performed in various ways
and one specific embodiment, with a number of
possible modifications, will now be described by
way of example with reference to the accompanying
drawings, in which:

Figure Tis a diagrammatic sectional view through
a portable breath testing instrument according to the
invention,

Figure 2 is another sectional view illustrating a
particular structural form of the gas sampling
mechanism, and

Figures 3 and 4 are diagrammatic sectional views
illustrating two further embodiments.

The instrument illustrated in Figure 1 is intended
primarily as a breath testing instrument for use by
police officers as a screening test for suspected
offenders against alcoholic drinking laws. The instru-
ment comprises a case 10 with a projecting sample
tube 11 to which a replaceable plastics breathing
tube 12 can be secured as a snap fit on the head 13.
The case 10 contains a volumetric sampling mechan-
ism for drawing a sample of breath from the tube 12,
and means for indicating the quantity of alcohol per
unit volume of the sample.

The sampling mechanism includes a cavity 15 of
predetermined volume with a thin flat fuel cell 16
mounted in the base, the fuel cell being for example
of the type described in British Patent No. 1448557.
The cell has two electrodes between which a poten-
tial is generated depending upon the quantity of
alcohol present. These electrodes are connected via
leads 17, 18 to an amplifier 19 which is energised
from internal batteries 20 and has an output con-
nected to a digital or analog or other display unit 21.
The lead 17 includes a shorting switch 22 which
when closed interconnects the two electrodes to
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discharge any potential on the fuel cell. The electrical
circuitry also includes a switch 23 arranged in the
input to the amplifier 19 and coupled to a lamp
circuit 24 which indicates when the amplifier and
display unit are energised.

The volume sampling device includes a movable
piston 30 within a chamber 31, the cavity 32 below
the piston communicating via a small port 33 with
the chamber 15 above the fuel cell. This same
chamber 15 communicates via the passage 34 within
the duct 11 with the throat 35 of a venturi constric-
tion formed within the plastics breathing tube 12. A
spring 37 urges the piston 30 upwards and a pair of
permanent magnets 38, 39 act as a latch or detent to
hold the piston down when it reaches the bottom of
its travel. A manual button 40 attached to the piston
projects through an opening in the adjacent wall of
the casing, and the stem 41 of the button is formed
with an enlarged cam 42 having an inclined lower
surface to co-operate with a sliding catch 43 for a
purpose to be described.

The sampling device as so far described operates
on the principle that when a suspect biows through
the tube 12 there will be a reduction in pressure at
the throat 35 of the venturi and this suction pressure
will be exerted via the port 33 on the under-face of
the piston, which will therefore be drawn down until
the magnets engage and latch. The piston will
remain in this latched position until the rate of flow
through the mouthpiece falls below a predetermined
value, which normally corresponds with a late stage
in exhaling. When the rate of flow drops, the
pressure at the throat of the venturi will rise and at a
preselected value the spring 37 will overcome the
attraction of the magnets and the piston is urged
rapidly upwards, drawing a predetermined volume
sample into the chamber 32 via the fuel cell cavity
15. it will be appreciated that when the piston is
latched downwards the spring 37 is pre-stressed so
that this sampling, which is quite automatically
initiated, is very rapid. With the breath sample in the
chamber 15, the fuel cell 16 will then react to develop
a potential that is amplified and displayed by the
units 19, 21.

After each testing sequence it is important that the
fuel cell should be discharged to provide a true zero
for the next test and it is also important that the
battery 20 should not be discharged accidentally. For
this purpose the instrument includes a second
manual shorting button 50 whose lower end en-
gages one of the spring contacts of the shorting
switch 22, The stem of this button 50 has a catch
formation 51 which co-operates with a holein a
sliding latch 43. The tip of this latch 43 engages one
spring contact of the on/off supply switch 23.

When the main sampling button 40 is depressed
the cam surface 42 moves the latch 43 laterally,
which closes the on/off supply switch 23 and thus
switches on the lamp 24. This also happens if the
piston 30 is drawn down by a reduction in pressure
at the throat 35 of the venturi. In this position of the
latch 43 the shorting button 50 can be depressed,
thus closing the shorting switch.contacts 22. if the
sampling button 40 is released, the head 51 on the
stem of the shorting button is then dropped below
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the latch 43 and will remain so until the sampling
button 40 is depressed again, at which stage the
latch 43 is shifted again to the right and the shorting
button is raised by the spring contacts 22, which are
left open. When the sampling button 40 is released
the on/off switch 23 opens. A gas sample can then be
taken automatically as described above, and a
reading is taken later by pressing the button 40 to
close contacts 23.

In the practical construction of Figure 2, like parts
are indicated by the same reference numerals with a
suffix. In this case the movable piston 30’ is attached
to an annular diaphragm 55 which acts as a positive
fluid seal and also as a natural spring replacing the
spring 37 of Figure 1. It will be noted that this
diaphragm is substantially flat and undistorted in the
upper position of the piston 30’ and will be stressed
and distorted when the piston is moved downwards.
The diaphragm is, in fact, slightly stressed even in its
upper position as illustrated and therefore the piston
30’ will move between two well-defined positions.
The faces of the components, over which the
diaphragmis stressed, are profiled to fit the di-
aphragm accurately and eliminate dead spots.

In the alernative form of sampling system illus-
trated in Figure 3, a detachable breathing tube 60 is
formed with an internal constriction 61 in place of a
venturi throat. The body of the instrument (not
illustrated) has two small tubes or pipes 62, 63 which
communicate with the breathing tube on opposite
sides of the constriction. The tube 63 leads to a
volumetric sampling chamber 64 in which is fitted a
fuel cell 65. This chamber communicates via a small
port 66 with a further chamber 67 defined partly by a
diaphragm 68. A central button 69 on this diaphragm
is arranged to engage one spring contact of a switch
70. Above the diaphragm 68 the chamber 71 com-
municates with the second tube 62 and this is closed
off by a second diaphragm 73 connected to a manual
sampling button 74 connected by a compression
spring 75. When a suspect blows down the tube 60
there will be an increased pressure above the
constriction 61 and this will be exerted on the upper
face of the diaphragm 68 to shift the diaphragm
downwards and close the shorting switch 70. When
the suspect’s rate of flow falls, near the end of the
exhalation, the relative pressure on the upstream
side of the constriction drops and the natural
resilience in the diaphragm 68 causes it to move
upwards, thus drawing a sample into the fuel cell
chamber 64 via the tube 63. This is entirely automa-
tic but if it is desired to test the breath for example of
an unconscious patient, the manual button 74 can be *
depressed and released to draw a sample into the
fuel cell chamber.

In the further embodiment illustrated in Figure 4, *
the instrument is likewise intended primarily for
breath testing and the sampling device is designed
to be set or “cocked” manually and to be released or
activated automatically in response to a decrease in
the flow rate through a breathing tube.

in Figure 4 parts corresponding to the parts in the
example of Figure 1 are indicated by the same
reference numerals with an added suffix.

A detachable tube 12’ is formed with an internal
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venturi throat 35’ to be connected to a tube 11
projecting from the case 10’ of the instrument 11,
This tube 11’ leads to a volumetric sampling cham-
ber 15’ above a fuel cell 16, this chamber communi-
cating via a small port 33’ with another suction
chamber 32’ below a flexible diaphragm 30'. The
electrodes of the fuel cell are connected through a
two-pole micro switch 80 into the electrical circuit
including a battery 20’, amplifier 19’, and display
indicator 21'. In addition, the circuit includes a
manual on/off switch 81, and an indicator lamp 82
across the supply to the amplifier.

In this embodiment the sampling system includes
a manual setting button 83 urged upwards by a
spring 84 and having an inclined cam surface 85 to
engage the upper end of a loosely mounted actuat-
ing plunger 86. The lower end of the plunger
engages a stud 87 rigidly connected to th centre of
the diaphragm 30’, the diaphragm and stud being
urged upwards by a second spring 88. The plunger
86 has a lateral projection 90 designed fo fitinto a
lateral siot 91 in a fixed part of the casing. Within this
slot is fitted the micro switch 80 having a projecting
spring button 92. The micro switch has a central
common contact 95 with one normally open contact
96 and one normally closed contact 97. The switch
fulfills two functions, firstly to short circuit the two
electrodes 98,99 of the fuel cell before a new reading
is taken, and secondly to close the power supply lead
to the amplifier 19'.

When the instrument is to be used to test the
breath of a suspected drinker, the button 83 is
depressed which urges the plunger 86 downwards
together with the stud 87 and diaphragm 30'. The
cam surface 85 urges the projection 90 into the slot
91. When the button 83 is released the spring 88
urges the stud 87 upwards and the projection 90 is
frictionally trapped within the slot 91. The di-
aphragm 30’ is therefore held down in its cocked
position.

The suspect is then invited to blow through the
tube 12'. In doing so the flow of breath creates
suction at the venturi 35’ and in the tube 11'. This
draws the diaphragm 30’ downwards against the
spring 88 through a very short distance sufficient
only to release the friction between the parts 90 and
91. The spring button 92 on the micro switch then
pushes the projection 90 out of the slot 81. The
diaphragm 30, however, is held down by the suction
pressure existing at the venturi 35'. When the
suspect has discharged a substantial volume of
breath the flow rate will begin to fall and the suction
pressure at the venturi will be reduced (i.e. the
absolute pressure will rise). The spring 88 will
therefore pull the diaphragm 30’ upwards thus
drawing a predetermined volumetric sample of
breath into the chamber 15, where it will contact the
fuel cell 16'. After a reading has been taken, as
described below, the whole operation can then be
repeated.

The micro switch 80 is normally disconnected
from the projection 90 and the switch contacts 95,97
are normally closed. These contacts are in series
with the manual on/off switch 81, and an indicator
lamp 82 is connected across the supply to the
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amplifier 19’ : when illuminated this shows that the
electrical circuit is in the “ready” position. When the
button 83 is depressed so that the projection 90
engages the micro switch the contacts 95,97 are
opened thus switching off the amplifier and contacts
95,96 are closed thus short circuiting the fuel cell
electrode leads 98,99. The fuel cell is thus discharged
to provide an accurate zero setting. As soon as the
diaphragm 30’ moves to draw in a sample of breath
the switch 80 returns to its initial position thus
removing the short circuit from the fuel celi and
again closing the supply to the amplifier.

It will be appreciated that in this embodiment the
sampling device is designed to be cocked manually,
but to be actuated automatically from the change in
flow rate in the breath tube 12’.

CLAIMS

1. Agas sampling device for use in apparatus for
detecting a constituent in a gas, comprising a
displacement element in the form of a movable
piston or diaphragm arranged to draw a sample of
gas through an inlet passage into a sampling
chamber, the displacement element being automa-
tically displaceable from an actuating position in
response to a change in gas pressure or a change in
flow rate in the inlet passage so as to draw a sample
of gas into the chamber.

2. A sampling device according to claim 1, in
which the displacement element is displaceable
from an initial rest position to the actuating position
in response to another change in gas pressure in the
inlet passage, prior to drawing a sample of gas into
the chamber.

3. Asampling device according to claim 1 or 2,in
which the displacement element is spring biased
away from its actuating position.

4. Asampling device according to any of the
preceding claims, in which the displacement ele-
ment is movable in a separate cavity communicating
with the sampling chamber.

5. Asampling device according to any of the
preceding claims, in which the sampling chamber
contains a detector element for sensing a constituent
in the gas.

6. Asampling device according to claim 3,
including means for holding the spring in a pre-
stressed condition when the displacement element
is in its actuating position such that the displacement
element is moved rapidly from the actuating posi-
tion to the rest position to draw in a sample of gas.

7. Asampling device according to claim 6, in
which the displacement element is maintained in the
actuating position with the aid of magnetic attrac-
tion.

8. A sampling device according to claim 6, in
which the displacement element is held in the
actuating position by a mechanical detent or latch.

9. Asampling device according to any one of the
preceding claims, in which the sampling chamber
contains an electro-chemical, semi-conductor, or
catalytic fuel cell for providing an electrical output
dependent upon the amount of the constituent in the
gas sample.
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10. Asampling device according to any one of
the preceding claims, in which the inlet passage is a
lateral branch passage connected or connectable to
a main gas through flow passage.

11. A sampling device according to claim 10, in
which the gas through flow passage is a breathing
tube, which is open at both ends and has a venturi
restriction, the venturi restriction being connected
via the inlet passage to the sampling chamber.

12. Apparatus according to any of the preceding
claims, in which the displacement element actuates
a switch in an electrical circuit connected to a display
indicator to indicate a pressure change in the
sampling chamber.

13. A sampling device according to any of the
preceding claims, including means for automatically
short circuiting or zeroing the detector or indicator
before a reading is taken.

14. A portable breath testing device, including a
device according to any one of the preceding claims.

15. A breath testing device substantially in any of
the forms described with reference to the accom-
panying drawings.
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