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displacesent of a relatively sovable body and {s advant-
ageously sensitive to displacesents of the ofder of or
less than | ma or is sensitive to displaceseats caused by
forces or pressures or changes in force or pressure of
the order of or less than 10 millibar. The sensor (1)
coaprises an elongate member (16) XynqltudlnniXy slidable
in a housing (33) in dependence on the relative displace-
ment of the body (10).

The elongate seabder has a longit- |
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vdinal engagement surface provided for example vith teeth ““_

(18) which engaye with teeth ptovzded on the periphery of ,U
a rotatable member (19) mounted, for rotation in the

housing. The rotatable meaber is associated vith an ara 0\\ !

{21) which may carty an indicator (23) at its end vhich R~

§fs movable with rotation of the rotatable member over a PW”

scale (22).
the rotatable member and the arm i$ arranged to be
wubstontially Lulunviad ubuut the axis of the rotatable
aembur vith « 3slight resultent force on the elongate
sember tending to move it in thh direction of the body,
the revultant foree wing luse than the focce on the body
for

The assembly comprising the elongate mesber,

causing the displutement to be aensed by the sensor.
this purposc, thc assumbly may include & spring (25)
acting for example on the rotatable member sbout its axis
for counterbalancing any imbalance in the moments of the
elongate member and arm about the axis of tha rotatable
sember. ‘
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Improvements in and relating
to Sensors

The present invention relétes to a sensor responsive
to relative displacement of a relatively movable body. The
sensor may be intended for indicating or measuring the dis-
placement of the body or another parameter which varies with
or causes the displacement, or for control or any other
purpose,

According to one aspect of the present invention
there is provided a scnsor for sensing relative displacement
of a rolativoly movable body comprising a housing, and a
dunding asvsembly comprislng an elongate member, a rotatable
member and arm means, the elongate member being mounted in
the housing for linear longitudinal movement between a first
position and a second position in dependence on the relative
displacement of the body and having a longitudinally
extending engagement surface, the rotatable member having a
Circumferential engagement means and being mounted in the
housing 8o as to permit engagement between the engagement
surface of the elongate member and the engagement means of
the rotatable member for causing rotétion of the rotatable
member with longitudinal movement of the elongate member,
and the arm means being érranged to be rotated with rotation
of the rotatable member, wherein the assembly is arranged so

as to be substantially balanced about the axis of the
rotatable memher,
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rotatable member or may comprise an arm codp —to-- -

The arms means may be formed i

rotatable member for rotation therewith. The arm means may
also comprise indicator means movable over a scale, which
may be a linear scale or an angular scale.

The sensor may be intended for sensing any parameter
which can be arranged to displace a body, for example a
force or pressure, For example, the body may be a
diaphragm which is subject on one face to a fluid whose
pressure is to be sensed and which is deflected to an extent
dependent on the pressure of the fluid. Alternatively, the
elongate member may be movable by a body against a known
force or may sense displacement of an intermediary body by a
body against a known force, the displacement of the member
by the body then being indicative of the force applied to or
by the body.

The engagement surface of the elongate member and
the engagement means of the rotatable moembaer may be adapted
to be in frictional contact for transmitting movement
therebetween. Alternatively the engagement surface and
engagement mcans may be adapted to provide positive
engagement therebetween, for example both may be provided
with interengageable teeth or one may be formed as a cam and
the other as a cam follower.

Additionally the rotatable member or arm means may
be uyed to operate other means, such for example as control
means or alarm means, and/or may be sensed by means
providing an electronic or electrical signal, which may
provide an analogue or digital measurement, which may be
transmitted remotely. Where the rotatable member or arm
means is used to operate means, they may be operated
sluctrically, wluctronically or mechanically.

Advantageously, the elongate member is arranged to
contact the body tor sousling dlsplacement of the body but i

not mechanically connected or linked with the body. The
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elongate member may contact the body directly or indirectly
through the intermediary of means for amplifying or reducing
movement of the body, which may for example comprise one or
a system of pivotal levers.

Adjustable means may be provided for adjusting
contact between the body and the elongate member and for
communicating displacement of the body to the elongate
member and rotatable member. .

The sensor may be adapted for sensing very small
displacements, e.g of the order of t mm or less, preferably
five microns or less, or for sensing displacements caused by
very small forces or pressures or changes in forces or
pressures, for example of the order of 10 millibars or less,
preferably 1 millibar or less or 10 centinewtons (0.1N) or
less,

The components of the assembly may be arranged so
that there is a small resultant force acting in a direction
to bias the elongate member towards its first position.

The elongate member and the arm means may be
arranged so that the moment about the axis of the rotatable
member of the elongate member is substantially equal but
opposed to the moment about the axis of the rotatable member
of the arm means, in all’'operative positions of the arm.

The assembly may include biasing means for biasing
another component of the assembly for adjusting the balan-
cing of the moments of the elongate member and arm means to
ensure that the elongate member is very slightly biased in
the direction of its first position. Alternately the
biasing means may be provided to compensate for any
imbalance in the moments of the elongate member and the arm
mea1s so as to ensure that there is a slight resultant
moment biasing the elongate member towards its first posi-
tion. Tho bluslng moanu may bo in the form of a torsion

spring or spiral hairspring act}ng on the rotatable member
"or in the form of a compression- tensxon spring acting on the
elongate member or arm means when it is separate from the

‘f ' i

rotatable member.
' The arm means may alternatlvely be arranged to be
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balancced about the axis of the rotatable member and the
moment of the elongate member is then substantially balanced
by the biasing means. '

Where the sensor is intended for sensing a
displacement caused by a very small force or pressure or by
a very small force or pressure change, the bias is
advantageously arranged to be less than the force or
pressure or force change or pressure change to me measured.

Where bositive engagement between the elongate and
rotatable members is provided by teeth, the engagement
surface of the elongate member is part cylindrical in
section and the teeth thereof are formed on the cylindrical
surface. This can minimise the area of contact between the
toeth of the elongatc member and of the rotatable member to
thuroby ruduce friction thoerubetwgon.,

The sensor may be arranged to sense the displacement
of the body over the full range of displacements, or may be
arranged to be responsive in only one or more predetermined
parts of the full range of displacement of the body, which
parts may be at one or both ends and/or intermediate the
ends of the full range.

Where the sensor is intended to be responsive to
displacements of the boay over one or more predetermined
parts of the full range of displacement of the body, stop
means may be provided for temporarily or permanently halting
movement of the elongate member so that the elongate member
is contacted or moved by the body only when the body has
been displaced to a position within the or one of the pre-
determined parts of the range of displacements., The stop
mééns are preferably adjustable at least initially and may
bé adapted to be overcome to permit further movement of the
elongate member. Depending on which part or parts of the
range of displacement of the body is to be sensed, the stop
means may hold the elongate member out of contact with the
body over a part of the range of displacement of the body
and/or may hold the elongate member stationary temporarily
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or permanently against continued displacement of the body
while the elongate member is in contact therewith. For
example, the elongate member may comprise a contact head
which is telescopable relative thereto to permit displace-
ment of the body in the direction of the elongate member
without causing movement thereof.

For sensing fluid pressure, the sensor may be incor-
porated in a fluid pressure sensing device comprising a
housing, a diaphragm mounted in the housing and defining
therewithin a first chamber and a second chamber, the first
chamber having an inlet for fluid for exposing one face of
the diaphragm to the fluid so as to cause deflection of the
diaphragm in dependence on the pressure of the fluid, the
sensor being mounted in the second chamber for sensing dis-
placement of the diaphragm, the elongate member extending
generally in the direction of displacement of the diaphragm.
The pressure sensing device may for example be intended to
measure or indicate fluid pressure or fluid pressure changes
in a fluid system, the scale of the. indicator then being
calibrated in pressure or differential pressure. It may
alternatively be intended for indicating leaks intc or out
of a fluid system, the scale being then calibrated to indi-
cate pressure or a deviation from a predetermined pressure
or other suitable parameter such as the quantum or rate of
leakage into or out ot the system, Alternatively, such a
pressure sensing device may be incorporated in a gas utilis-
ation system suppllied wlth gas from a cylinder of liquefied
gas, the device being either connected into the system down-
stream of the gas pressure regulator or incorporated in the
gas.pressure regulator itself, for indicating or measuring
thé quantity of liquefied gas remaining in the cylinder
either in terms of the remaining liquefied gas content of
the cylinder or in terms of the time scale of normal use of
the remaining liquefied gas, for example with a view to
alerting the user of the system to the approaching need for
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replacement of the cylinder.

Alternatively the sensor may be associated with
another body which is displaced in accordance with a
pressure or pressure change, such for example as a bourdon
tube.

For sensing a compressive or tensile force, the
sensor may be arranged to sense the displacement of the body
by the force against a known force which may be applied to
the elongate member or to an intermediary body whose dis-
placement is then sensed by the sensor.

Embodiments according to the present invention will
now be described, by way of example only, with reference to
the accompanying drawings, in which:

Figure 1 is part section part side elevation of an
embodiment of sensor according to the present invention;

Figure 2 is a side elevation of the sensor of Figure
1;

Figure 3 is a view of the sensor of Figures 1 and 2
in the direction of the arrow III;

Figure 4 is a side elevation similar to Figure 3
showing a modification of the sensor of Figure 1;

Figure 5 is a section on the line V-V of Figure 1;

Figure 6 is a part section part side elevation of
another embodiment of sguensor according to the present inven-
.tion;

Figure 7 is a sectional view showing a modification
of the sensors of Figures 1 to 6;

Figure 8 is o guctional view of an embodiment of a
pressure sensing device according to the present invention
incorporating an emhbodiment of sensor in accordance with the
present invention; ’

Figures 9 and 10 are sectional views of other
embodiments of pressure sensing devices;

Figure 11 is a graph shown deflection of the
diaphragm in the pressure sensing device of Figure 8;

; RIGINAL
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Figures 12 and 13 are sectional views showing
furthur vmbodimunts of sensors according to the present
invention;

Figure 14 is an enlargement of part of Figure 13;
and

Figures 15 to 18 are sectional views of further
embodiments of devices incorporating embodiments of sensors
according to the present invention.

Figures 1 to 3 show an embodiment of sensor for
sensing the displacement of a body 10. The sensor 1a
comprises an elongate member 16 which, in this embodiment,
is in the form of a cylindrical rod but may have another
section, for example it may be polygonal in section. The
rod 16 io linwarly longitudinally movable in and guided by a
corruospondingly shaped passage 33a in a housing 33. One
ond of tho rod 16, as shown the lower end, projects from the
housing and is arranged in the path of displacement of the
body 10 so as to be contacted by the body 10, the rod 16
then being moved by the body 10. The rod 16 is not however
in any way mechanically connected to or linked with the body
10. .

The rod 16 is provided over part of its length with
a longitudinally extending éngagement surface 17 with which
a circumferential engagement surface of a rotatable member
19 engages. In this embodiment, the engagement surfaces of
both the rod 16 and the member 19 are provided with inter-
engageable engagement means which, as shown, comprise a
longitudinal array of teeth forming a longitudinally exten-
ding rack 18 on the rod 16 and an annular array of teeth on
the member 19 which is in the form of & pinion. Pinion 19
is mounted in the housing 33 on a shaft 20 to which it is
fixed and aboul Lhe axly of which it rotates. One end of
shaft 20 projects beyond the housing 33 and is provided with
an arm 21! which catrles at lts froe end an indicator 23.

The indicator 23, as shown more clearly in Figure 3, moves

».—q
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over a linear scale 22 provided on an arcuate support 22a
centred on the axis of shaft 20.

In this embodiment, the rod 16 and scale 22 are
atranged oh'opposite sides of the axis of the pinion 19 so
that, for the full range of movements of the arm 21, the
moment of the rod 16 about the axis of the pinion 19 is
opposed to the moment of the arm 21 with indicator 23 about
the axis of the pinion. Preferably the sensor is arranged
as shown in Figures 1 and 2 with the rod 16 moving vertic-
ally. These moments may be arranged to be substantially
equal so that the system is substantially balanced about the
axiy of Lhe pinion 19 but, to ensure that the rod 16 main-
tains contact with a body 10 and to take up any play or
backlash between the teeth of the pinion 19 and the teeth of
the rack 18 in use of the sensor, the assembly is arranged
0 that there is a small resultant moment acting downwardly
(counterclockwise as viewed in Figure 1) on the rod 16 in
all positions of tho arm 21.

A spring 25 may be provided acting on the shaft of
the pinion for contributing to the required balancing of the
momants of the rod and arm with its indicator, either as a
means for conveniently adjusting the balance or for compen-
sating imbalance, where the moments of the rod 16 and arm 21
with its indicator are not substantially equal, to achieve
the required balancing. The spring, e.g. a spiral spring
as shown in Figure 1, may act in a clockwise or anticlock-
Wwise direction (as viewed in Figure 1) depending on the
direction of the imbalance in the moments to be compensated
or adjusted. The spring is advantageously initially adjus-
table for initial udjustment of the balancing.

: It will be appreciated that this substantial balan-
cing of the moments of the rod 16 and the arm 21 with its
indicator 23 is critical where the sensor is intended for
sensing very small displacements, for example of the order
of five microns or less, and displacements caused by very
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small forces or pressures or changes in forces or pressures,
for example of the order of a millibar or a small fraction
of a millibar or ten centinewtons (0.1N) or less, For such
uses, the rod is arranged to move vertically and the moment
of the rod 16 about the axis of the pinion is arranged to be
suﬁ%tantially eéual to the moment of the arm 21 with its
indicator about the axis of the pinion, and the spring 25,
which is a hairspring, is arranged to apply a very small
force which is substantially constant over the range of
movements of the arm, to the axis of the pinion in a
direction to achieve a small resultant moment, over the full
range of movements of the arm, tending to move the rod in
the direction of body 10.

.. In & prefarred umbodiment, the tolerances on the
moment of the rod are arranged relative to those on the
moment of the arm with its indicator such that the moment of
the rod will, throughout the range of movement of the arm,
be greater than that of the arm with its indicator and the
hairspring 25 then acts in a clockwise direction.

To minimise the effects of changes in the moment of
the arm with its indicator as the arm rotates and the indic-
ator moves over the scale 22, the scale 22 may be centred on
a horizontal line throuéh the axly of the pinion, rather
than as shown in Figure 1 in which the scale is mainly above
the horizontal.

To remove the effect of changes in the moment of the
arm 21 with its indicator 23 about the axis of the pinion 19
as the indicator 23 moves over the scale 22, the arm 21 may
be provided with a counterbalancing extension so that the
.a;u 21 with its indicator and extension 21a exerts no force
or substantially no force about the axis of the pinion 19,
Such a modification is shown in Figure 4, the counter-
balancing arm extension 2la being made or formed integrally
with the arm 21 for rotation with the arm 21. The axis of
the pinion 19 passes through the centre of gravity of the

'BAD ORIGINAL __@
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combined arm, indicator and urm extension, With this
modification, the spring 25 is arranged to provide a
constant bias on the shaft 20 to substantially counter-
balance the moment of the rod 16 about the axis of pinion 19
but so as to provide a small resultant moment biasing the
rod 16 in the downward direction of the body 10. However,
if the rod 16 is sufficiently light in weight that its
moment about the axis of pinion 19 does not need to be
counterbalanced, the spring 25 may then serve merely to
provide a slight bias on the pinion 19 in the counterclock-
wise direction as viewed in Figure 4 sufficient to maintain
the teeth of the pinion 19 in engagement with the teeth of
the rack 18 to take up~any play or backlash therebetween.

It will be appreciated that, with this modification
of arm 21, there is no limit on the angular movements of the
arm 21 about the axis of the pinion 59.

The sensor of Figure 4 can be further modified by
replacing the linear scale 22 with an angular scale centred
on the axis of the pinion 19, the end of arm 21 then serving
as the indicator 23, for example as is shown in Figures 15
to 18. The counterbalancing extension 21a has, with this
modification, a reduced weight because it does not have to
counterbalance the weigHt of the added indicator 23 of
Figure 4.

«. . Where the displacgment‘of the body 10 is caused by a
very small force or pressure or a very small force or
pressure change which is to be sensed, the resultant force
biasing the rod 16 in the direction of the body is arranged
to be less than the minimum force or pressure or change in
quce or pressure initiating a displacement to be sensed.

| To increase the sensitivity of the sensor and reduce
the inertia, the rod 16, arm 21 and indicator 23 can be made
of vory liyht mdaterials. Additionally, to minimise
friction in the sensor, the rod 16 may be positively quided
in the passage 33a by annular bearings arranged to either
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end of the engagement surface 17. The bearings may be in
the form of annular sleeves mounted in the passage 33a
adjacent each end, the sleeves having radially inwardly
projecting annular bearing surfaces which are radiussed to
reduce the area of contact between the sleeve and the rod.

The shaft 20 of the pinion may be provided with similar
bearings. Alternatively, as shown in Figure 1, the rod 16
may be formed or provided with spaced annular radial
projections 16c which have radiussed circumferential
surfaces for bearing on tho wall of the passage 33a, The
shaft 20 of the pinion may also be provided with similar
bearings, for example as shown in Figure 5, As shown in
Figure 5, the shaft 20 is provided with radial annular
projections 20a on either side of the pinion 19, The
projections bear against the cylindrical internal surfaces
of annular bearing bushes 20b located in passage 33c in the
housing 33 through which the shaft 20 extends. The bushes
are preferably made to be a loose fit in the passage 33c and
are fixed in position during assembly, e.g. by adhesive,
when the teeth of the pinion and rod have been correctly
aligned. The end faces 20c of the bushes facing the ends
of the pinion may also provide bearing surfaces for the ends
of the pinion and, to reduce friction, these end surfaces
20c may also be radiussed to reduce the area of contact.
Alternatively jewelled bearings may be used for the rod and
shaft.

To reduce friction between the teeth of the rack 18
and teeth of the pinion 19, the area of contact of the teeth
may be reduced. This may be achieved by forming the teeth
of the rack on a part cylindrical engagement surface.
wﬁcre the rod 16 is cylindrical, the tceth may extend round
the full periphery of the rod and this has the advantage

that the tecth on the pinion 19 will engage the teeth on the
rod 16 regardless ot the angular orientation of the rod 16

&omemm. @
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in the housing 33.
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To permit adjustment of the rod 16 relative to the
body 10 in relation to one end of the scale 23, the lower
end of the rod which contacts the body 10 may be provided
with adjustable contact means. As shown the lower end of
the rod 16 comprises a pin 35 having a contact head for
contacting body 10 and a portion which is threaded into the
end of the rod 16. The position of the pin 35 in the rod
16 is adjusted initially and may then be fixed
appropriately.

The above described sensors may be arranged so that
the rod 16 contacts and is moved by the body 10 throughout
the full range of displacements of the body so that the
indicator provides a continuous indication of the position
of the body 10 between its extreme positions P and Q. How-
ever there are circumstances in which part only of the dis-
placements of the body provides a useful or meaningful
indication. For guch clrcumdtunces, the rod 16 is arranged
so that the body 10 contacts it to move rod 16 and indicator
23 only when the body is between a predetermined position R
(Figure 1) intermediate its initial position P and its final
position Q, and its final position Q. The rod 16 is held
out of contact with the body when the body is below this
intermediate position R sd that positions of the body below
the intermediate position are eliminated from the indication
provided by the indicator.

In this arrangement, the uppermost position of the
rod 16 is determined by the uppermost position of the body.
The lowermost position of the rod corresponding to the pre-
determined intermediate position R of the body is determined
by a'stop which is arranged to prevent further downward
movément of the rod. For example, the stop may act to
limit pivotal movement of the arm 21. Such a stop may be
provided by the housing 33 or by a protuberance on the
support for Lhe scale (whether lincar or angular) which

protuberance extends into the path of the arm 21. Such a
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protuberance is shown at 34 in Figures 2 and 3.
Alternatively the stop may limit downward movement of the
rod 16 itself. Such an arrangement is shown, for example,
in Fiqure 6, in which the upper end 16a of the rod 16 of
sensor 1b is enlarged and is received in an enlargement in
the passage 33a in the housing 33, the enlargement of the
passage terminating in a shoulder 33b against which the
enlarged end of the rod 16 seats when the rod is in its
lowermost position. The unlarqéd end 16a of the rod 16 and
the enlargement in passage 33a may be shaped to prevent or
restrict rotation of the rod in the passage 33 about its
longitudinal axis. The sensor is otherwise as shown in
Figures 1 and 2 but this modification'may equally be applied
to the modified sensor of Figure 4 with linear or angular
scale.

Where it is required that the sensor is responsive
to displacements of the body 10 only intermediate the
initial and final positions P, Q of the body, e.q. between
first and second intermediate positions R and S (Figure 1),
the sensor described above may be modified as-shown in
Figure 7. As shown, the adjustable pin 35 is arranged to
be movable from an extended position to a retracted position
relative to the rod 16'of sensor 1c against the bias of a
spring 41. The pin 35 is adjustably threaded into a nut 42
which is received within the rod 16 and is slidable within
the rod. The nut 42 is normally held abutted against an
annular shoulder 43 at the lower end of the rod by the
spring 41, The force applied by the spring 41 to the nut
42 can be adjusled Ln dependence on the circumstances of use
of the sensor by adjustment of the position of a spring
retaining plug 41a which is threaded into the rod 16. The
rod 16 is, as in the previous embodiments, slidable in a
correspondingly shaped passage 33a in the housing 33 but, in
this embodiment, the upper end of the passage 33 is closed
by an adjustably positionable plug 44 threaded into the

N e e
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passage 33a. The plug 44 serves as an adjustable stop and
1s positioned so as to be contacted by the upper end of the
rod 16 when in contact with the body 10 and the body 10 is
in its second intermediate position S, which is closer to
the final position Q of the body than the first intermediate
position R. For positions of the body between the second
intermediate position S and the final position Q, the rod 16
is held abutted by the body against the plug 44 and the pin
35 18 pushod by tho bady 10 into the rod 16 against the biau
of the spring 41 so that, for these positions of the body,
the rod is not moved by the body. As the body.10 drops
below the second intermediate position S, the.rod 16 starts
to move with the body-and continues to move with the body
until the body reaches its first intermediate position R
when movement of the rod ceases.

In this embodiment, as in the embodiment of Figure
6, the lowermost position of the rod 16 is determined by
abutment of the enlarged upper end 16a of the rod with
shoulder 33b in passage 33, and position R of the body is
determined by adjustment of pin 35 in nut 42 when the nut is
abutted against shoulder 43. The sensor of this embodiment
is otherwise as described with reference to Figures 1 and 2
or Figure 4 with either*a linear or an angular scale. Thus
the substantial balancing of the moments of the rod and the
arm and indicator described above in relation to the
embodiment of Figures 1 to 4 is also provided with this
embodiment which may also if required be provided with a
spring 25 (not shown).

Figure 8 shows a fluid pressure sensing device which
ihborporates a sensor 1d. As shown the device comprises a
hbusing having ar upper part 12 and a lower part 7.
Securely fixed between the upper and lower housing parts is
a diaphragm which, in this embodiment, forms the body 10.
The upper part 12 of the housing defines with the diaphragm
10 an upper chamber 30 which is maintained at a known



pressure, for example it may be vented to the atmosphere.
The lower part 7 of the housing defines with the diaphragm
10 a chamber 15 provided with an inlet 29 for fluid whose
pressurce is to be scnsed. It will be appreciated that the
diaphragym 10 nay have other conventional forms, for example
as shown hereafter, and may itself define chamber 15 within
the housing,

The diaphragm 10 may be biased in one direction, the
direction depending on the pressure of the fluid in chamber
15 relative to the pressure in chamber 30. For example, as
shown, the pressure in thc chamber 15 is intended to be
greater than that in chamber 30 and the diaphragm is biased
downwardly by a spring 14 positioned in chamber 30 betwcen
the upper part of the housing and a disc 11 secured to and
forming part of the diaphraygym 10.

In this embodiment, the diaphragm is deflected
between an initial lowermost position (shown in Figure 8)
upwardly towards an uppermost position to an extent which
will depend on the pressure of the fluid in chamber 15 and
the response characteristics of the diaphragm 10 and any
biasing spring 14,

" The sensor 1d is as described with reference to
Figures 1 and 2 and is mounted in chamber 30 with the rod 16
generally perpendicular to the direction of deflection of
the diaphragm. The sensor 1d may alternatively be as
described with reference to Figures 4, 6 or 7. The scale
22, which ag shown is a lincar scale, is arranged to ba
visible from the outside of the housing through a window 24
provided in the housing part 12, The window may be
replaéed by a magnifying lens to magnify the scale, or a
detadhable magnifier 24a may as shown be provided for
mounting over the window for magnifying the scale. The
indicator 23 may, for example as shown in Figure 3, be in
the form of a bar with a central slot 39 through which the

scale can also be viewced.
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The sensor may be arranged so that the rod 16
contacts the diaphragm and is moved thereby over the full
range of diaphragm deflections or as shown only over the
upper part of the range as described with reference to
Figures 1, 2, 4 and 6, or over only an intermediate part of
the range as described with reference to Figure 7 using a
sensor with the modifications of Figure 7.

Because individual diaphragms may each have an
individual response to pressure,'the lowermost and, if
required, the uppermost positions of the rod 16 are
initially adjusted when the sensor has been incorporated in
the device to suit the actual diaphragm response by adjust-
ment of pin 35 in the.end of rod 16 and the position of the
pPlug 44, if provided.

It will be appreciated that the range of pressures

sensed by the sensor can be varied by selection of an
approprldte gpring 14, Additionally, the pressure at which

the diaphragm 10 contacts the end of the rod 16 of the
sunsor can be adjusted by adjustment ot the compression of
the spring 14.  For this purpose, the upper end of the
8pring beuary on a plugy 140 which is threaded into the
housing, The outer surface of the plug 14a may be provided
with a diametral slot for engagement by a screw driver or,
as shown, means may be provided for facilitating adjustment.
As shown the upper end of the plug 14a is provided with a
cylindrical extension 14b which is surrounded by a collar
14c which is rotatably mounted in the housing but held
axially by the housing 12. A worm gear 14d transmits
rotation of a manually rotatable shaft 14e to the collar to
rotata the collur. The collur 14c is keyed to the exten-
8ion 14b to transmlt rotation tu Lhe pluy 14a while
permitting the plug 14a to move axially.

In the above described embodiments, the rod 16 of

the sonuor contacts tho body 10 directly and its movoments
correspond directly with those of the body over the range of
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positions of the body which are to be sensed by the sensor.
The movements of the body may be appropriately amplified by
an appropriate selection of the length of the indicator arm
21 and/or an appropriate selection of the diameter of the
pinion 19 and the parameters of the teeth of both the rack
18 and pinion 19.

It may however be advantageous to further amplify
the movement of the body 10 but without adding to the
assembly of the rod 16, the pinion 19 and the arm and
indicator, which would make it less sensitive. This can be
achieved by providing one or an assembly of pivotal levers
between the body 10 and the rod 16, for example as shown in
Figure 9 in the context” of a pressure sensing device. As
shown in Figure 9, the sensor le comprises a main sensor
which may be as described above with retference to Figures 1,
2, 4, 6 or 7. To this Iy added an auxiliary rod 16b for
contacting body 10 (in this embodiment a diaphragm).and
which may also have an adjustable contact pin 35a which may
be threaded into the end of the rod 16b or may be threaded
into a nut slidable within the rod 16b as described with
reference to rod 16 in the embodiment of Figure 7.
Auxiliary rod 16b extends generally'parallel to the main rod
16 and is pivoted at its'upper end on a first lever 46 which
is pivotally mounted at 46a on the housing. Lever 46 is
pivotally connected by a connecting link 47 to a second
lever 46 which i8 pivotally mounted at 48a on the housing,
Head 35 of the main rod 16 contacﬁs lever 48 through an
appropridte swivel or othur eloment 48a pivotud on lever 48.
The points at which the rods are pivoted on the levers, the
levers on the housing and the connecting link 47 on the
'levers are arranged to provide the required amplification of
the movement of the body 10. The connection of one of the
levers 46, 48 to the link 47 may be slotted, the length of
the slol belny ad)ustable, Lu provide a lust motion
connection between the body and the rod 16 to accommodate a
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predetermined initial movement of the diaphragm which does
not produce movement of the rod 16 of the main sensor.

It will be appreciated that, by use of a similar but
reducing linkage, movements of the body can be reduced
rather than amplified.

As in the previous embodiments, stops may be pro-
vided for limiting downward and'if required upward movement
of the rod 16 so that the sensor jndicates displacements of
the body 10 over the upper part or an intermediate part only
of the full range of the displacements of the body. As
shown stops 49, which may be adjustably positionable, are
provided for limiting angular movement of the lever 48,
although it will be appreciated that one or more stops are
also provided associated with the main sensor as previously
described.

The above described pressure.sensing devices may be
used to indicate or measure pressure as an absolute pressure
or relative to atmospheric or other known pressure, or pres-
sure changes, the scale 22 being appropriately graduated.
They may alternatively be used to indicate other parametegrs
which vary with pressure. For example they may be used to
indicate leakage of a fluid into or from a system. The
scale 22 may then be suilably graduated, the rate of travel
of the indicator over the scale being a function of and
indicating the rate of or quantum of leakage. The scale may
include an additional graduation to enable the user to dis-
regard leakages below a maximum permissible level, e.g. if
the indicator moves over a unit of such graduation in less
than a predetermined time. They may also be used in a
syétem supplied with gas from a cylinder of liquefied gas to
gfve an indication of the amount of liquefied gas rema&ning
in the cylinder. In such circumstances, the pressure
sensing device may be coupled into the gas supply line
either upstream of the gas pressure regulator or downstream
of the gas pressure requlator and upstream of any appliances
to be supplied with gas. Conveniently the device may be
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arranged to be mounted on the gas utilising appliance, e.q.
a gas fire or cooker, so as to be readily visible to the
user of the appliance.

In normal usage of such a system, the pressure of
gas from the pressure regulator and upstream of any
appliances to be supplied with gas, varies with the amount
of liquefied gas in the cylinder, specifically decreasing as
the amount of liquefied yas in the cylinder decreases,
although the relatlionship ls not linear. A sensor as des-
cribed with reference to Figures 1, 2, 4 or 6 may be used,
the sensor being arranged to indicate only when the pressure
of gas is at or about its lowest usable pressure. Advan-
tageously a sensor as described with reference to Figure 7
is used, the first selected intermediate position of the
diaphragm being that that the diaphragm assumes when the
pressure of the gas is at its lowest usable pressure and the
second selected intermediate position being that that the
diaphragm assumes when the pressure of the gas is
sufficiently above the lowest usable pressure to give the
user reasonable notice of the approaching need -to replace
the cylinder, so that he is alerted to the need to replace
the cylinder as the indicator starts to move across the
scale, ‘

Alternatively a pressure sensor as described above
may be incorporated in the pressure regulator itself, for
example as shown in Figure 10. The gas pressure regulator
shown in Figure 10 comprises a housing having an upper part
12 and a lower part 7 and a diaphtragm 10 securely fixed
between the upper and lower parts of the housing. The
upber part of the housing defines with the diaphragm an
ubper chamber 30 which is in communication with the atmos-
phere and the lower part 7 of the housing defines with the
diaphraym a yay outlet chamber 15 provided with an outlet 31
for connection to an appliance or other installation by
which the gas is to be used. Outlet chamber 15 is
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connected to a gas inlet 29 via an orifice 5 provided with a
valve 6, and a passagc 2. The inlet 29 is provided with

coupling means for coupling the inlet directly or indirectly
to the outlet ot the yas cylinder. As shown, the inlet 2y

is intended to be coupled direétly to the outlet of the gas
cylinder and is provided with a member 32a which co-operates
with a valve in the cylinder outlet to open the cylinder to
the pressure requlator, and a manually operable valve 32b
for opening and closing inlet 29.

Valve 6 comprises a valve member 8 for opening and
closing orifice 5, valve member 8 being in the form of a
rubber gasket which is carried on one end of a rocker afm 9.
The rocker arm 9 is pivotally mounted in the lower part 7 of
the housing by a shaft 4. The end of the rocker arm 9
opposite that carrying valve member 8 is connected to the
diaphragm 10 by a hub 26. The hub 26 is secured to the
centre of diaphragm 10 at one end and at its other end has a
reduced diameter portion 28 which engages in a slot formed
in the rocker arm 9 and which defines opposed shoulders 27
and 3 which abut the opposite faces of the rocker arm 9 so
that axial movement ot hub 26 causes pivotal movement of the
rocker arm 9.

The diaphragm 10 is biased downwardly by a spring 14
which is located in chamber 30 between the upper part 12 of
the housing and a disc 11 secured to and forming part of the
diaphragm 10. As thus far described, the gas pressure
regulator is conventional and its operation for regulating
the pressure of gas is also conventional. In the absence
of a supply of gas to inlet 29, diaphragm 10 is deflected
downwardly under the bias of the spring 14 to an initial
lowermost position. In this poéition, the rocker arm is
pivoted by the diaphragm to move the valve member 8 away
from the orifice 5 to fully opon valve 6, When a full gas
cylinder is coupled to inlet 29, the gas enters chamber 15
through the valve 6 and caused the diaphragm 10 to deflect

v



upwardly initially to a final or uppermost position in which
the rocker arm is moved to a position closing the valve 6.
Thereafter, while gas is being withdrawn and used, a steady
state is achieved in which the rocker arm 9 assumes a
position in which the valve 6 is sufficiently open to main-
tain the required pressure in chamber 15. In this steady
state, the diaphragm will initially (when the gas cylinder
connected to inlet 29 is full) be positioned close to its
final uppermost position and will then gradually move down-
wardly towards its initial position as the liquefied gas in
the cylinder is depleted. With normal gas usagé, the
position of the diaphragm of the pressure regulator provides
an indication of tho pressure of the gas in the outlet of
the pressure regulator but it also provides an indication of
the quantity of liquefied gas romaining in the cylinder,

The sensor 1f, which may be as described with refer-
ence to Figures 1, 2, 4, 6 or 7 is mounted within chamber 30
in the upper housing part 12 as described above and may have
a lincuar scale us shown in Figure 3 or may be provided with
an angular scale. The scale 22 is advantagepusly
calibrated to provide an approximate indication of the
amount of liquefied gas remaining in the cylinder or an
approximate indication'bf the time frame for normal use of
the liquefied gas remaining in the cylinder, with a view to
alerting the user of the time when the cylinder will need to
be replaced. ’

While the outlet pressure of the regulator and
therefore the position of the diaphragm, when gas is in
normal use, does vary with the amount of gas remaining in
the cylinder, this variation is not linear and it is found
that the majority of the deflection of the diaphragm occurs
when the pressure in the cylinder is the vapour pressure of
the gas in the absence of liquefied gas, which is below a
usable pressure, Figure 11 is a graph showing variation in
the position or deflection (in mm) of the diaphragm of one
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butane pressure regulator as described above, with inlet
pressure (in kg/cm2) of the gas, the regulator being one
connected to a cylinder of butane which, when full, normally
provides a maximum pressure of 7 kg/cm?2 under normal ambient
conditions but for which the maximum pressure may increase
to at least 17 kq/cm2 under abnormal conditions. In the
graph, the origin represents zero ouytlet pressure and the
diaphragm in its initial position in which the regulator
valve is fully open. It will be seen from the graph that
the diaphragm is deflected by about 4 mm between its initial
position A and its final position B, Position C is an
intermediate position which the diaphragm assumes at about
the minimum useful outlet-pressure (between about 0.2 and
0.5 kg/cm2 depending on ambient temperature). In moving
from position B to position C, the diaphragm normally moves
only about 1 mm. Information about the position of the
diaphraygm and the contents of the cylinder whuen the
diaphragm is between position C and position A is of no
interest whatsocever because the cylinder at this stage
contains only gas at the vapour pressure of gas in a
virtually empty cylinder and the cylinder is beyond the
point at which it should have been changed. Accordingly
there is no point sensing and indicating these positions of
the diaphragm. The useful information is provided by
sensing and indicating diaphragm positions between position
B and C.

When the sensor 1f is as described with reference to
Figures 1, 2, 4 or 6, the rod 16 of the sensor is arranged
so that the diaphragm is in contact with it to move rod 16
only'when the diaphragm has been deflected to a position at
or between positions B and C, the rod 16 being held out of
contact with the diaphragm when the diaphragm is between
positions C and A so that diaphragm deflection between

positions C and A is eliminated from indication.
In use, when the regulator is connected to a full
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cylinder, the diaphragm 10 will initially assume its final
position B in which the rod 16 will have been moved to its
uppermost position and the indicator 23 to its lowermost
position at one end of its scale 22. When use of the gas
starts, the diaphragm 10 will then assume its steady state
position initially close to position B and will then pro-
gressively move downwardly towards position C as the
liquefied gas in the cylinder is depleted, the rod 16 and
indicator 23 following movement of the diaphragm. As the
diaphragm 10 moves to position C, the indicator 23 will move
to the other end of its scale and, as the diaphragm falls
below position C, the rod 16 will cease to move and will
lose contact with the diaphragm. '

In this embodiment, the limits of the scale 22
correspond to the intermediate and final diaphragm positions
C and B and the scale may be calibrated in units indicating
the amount of liquefied gas in the cylinder or, for example,
as shown in Figure 3 in three sections 36, 37 and 38,
section 36 indicating that the cylinder is full, section 37
indicating that the cylinder is nearly empty, and section 38

indicating the intermediate state of the cylinder between
tull and empty. Since Lhe outlet pressure of the gas fronm

the pressure regulator will vary with the ambient tempera-
ture, a number of different scales may be provided, for
example as shown in Figure 3, for use at different ambient
temperatures, It will be appreciated that to obtain a
correct or true indication of the content of the cylinder at
any one time, a reading from the indicator should be made
only when the system is in normal use.

| If the sensor is simply required to provide an
indication of the approaching need to replace the cylinder,
rather than also indicating when the cylinder is full, it
can be sufficient for the indicator to indicate only when

the diaphragm is positioned between the first intermediate
position C and a second intermediate position D closer to
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position B and this can be achieved by using the modified
scnsor as described with reference to Figure 7.

In the above described embodiments, the sensor is
arranged to be responsive to body movements either over the
full range of movements of the body or over a single pre-
determined part of the full range. The sensor may be
further modified to enable it to be responsive in a '
plurality of predetermined parts of the full range of dis-
placements of the body 10, for example as shown in Figure
12. The sensor 1g of Figure 12 is similar to that
described with reference to Figure 7 and corresponding parts
will be identified by the same reference numerals and will
not be further described in detail, As shown the sensor
has a linear scale 22 but it may alternatively have an
anghlar scale and the arm 21 may be counterbalanced as shown
in Figure 4. In addition to the above described parts, the
sensor of Figure 12 includes a first temporary stop in the
torm of a compresslon spring 60, located in the space
between the upper end 16a of rod 16 and stop 44, which *
spring 60 is arranged to be contacted by the upper end of
rod 16 after a predetermined movement of rod 16 and to serve
to. temporarily halt further movement of the rod 16. The
resistance to compressign of the spring 60 is arranged to be
groater than thoe roesistanco to compression of spring 41 so
that, following contact of rod 16 with spring 60, further
upward movement of the body merely causes pin 35 to be
telescoped into rod 16, without further movement of the rod
16. A second temporary stop in the form of a second comp-
ression spring 61 is located in the space within rod 16
between the nut 42 and retaining plug 41a, which spring 61
serves to tumporarily halt further telescoping movement of
pin 35 in rod 16 when nut 42 comes into contact with the
lower end of tho spring 61, The resistance to compression
of the spring 61 is arranged to be greater than the resist-

ance to compression of spring 60 so that, following contact
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of nut 42 with spring 61, further upward movement of the
body will cause further movement of the rod 16 against the
bias of spring 60 and to compress spring 60. In this
embodiment, this upward movement of rod 16 will be halted by
abutment of the upper end of the rod with the lower surface
of plug 44 which, as shown has an additional downward pro-
jection 44a to which the upper end of spring 60 is fixed.

In a modification, a further compression spring providing a
further temporary stop may be provided which is contacted by
the upper end of rod 16 following a certain compression of
spring 60 and which will serve to again temporarily halt
upward movement of rod 16. Whether movement of rod 16 is
halted temporarily or permanently at this point, further
upward movement of the body can take place without movement
of the rod 16 by virtue of compression of spring 61 by
further telescoping movement of pin 35 into rod 16. as
shown, the uppermost position of the body 10 is arranged to
be within tho uxtent of this furthoer telescoping movement of
pin 35 before it abuts the lower end surface of plug 41a.
Like plug 44, plug 41a has a downward extension 41b to which
spring 61 is attuched. In a modification, a further spring

may be provided within rod 16 to initially halt telescoping

movemunt of pin 3% and Lien permit further telescoping movo-

ment of the pin following a further movement of the rod 16.
In the foregoing, operation of the sensor of Figure

12 has been described in the context of movement of the

body from a lowermost position to an uppermost position but

it will be appreciated that in movement of the body from the

uppermost position to the lowermost position, the sequence

is simply reversed.

| By virtue of the above arrangement, the sensor of
Figure 12 is designed to accommodate a displacement of the

body between an initial position and a final position spaced
by a distance greater than the sum of the individual dis-
placements a + b + ¢ + d and less than the sum of the
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individual displacements a + b + ¢ + d + e, the sensor only
being operative and responsive to and indicating displace-
ment of the QOdy,in the parts b and 4, each of which is
followed or succeeded by an appropriate one of the parts a,
¢ and e during which the sensor is not operative, The '
scale associated with the indicator is appropriately calib-
rated to distinguish the two parts of the range of the body
displacements which are sensed.

Thu ambodiment. of Flguro 12 ¢nablos the sensor to bu
responslve to dlsplacements of the body in a plurality of
preduturminod spacaed parts of the full range of displace-
ments of the body by modifying the rod 16 so that it moves
with displacement of the body only when the body undergoes
displacements within the predetermined spaced parts of the
overall range of displacements,

In the above described embodiments, the means for
communicating movement between the elongate rod and the
rotatable member comprise interengageable teeth on both the
elongate rod and the rotatable member. It will be
appreciated that the engagement surfaces of the elongate
member and the rotatable member may engage through other
means, for example the surfaces may simply be in frictional
engadement.,  The enygaygement surfaces of both members may be
roughened to increase the frictional force. _

Alternatively, the engagement surfaces of the elon-
gate and rotatable members may have other configurations
which cause rotation of the rotatable member on longitudinal
movément of the elongate member. For example, as shown in
Figures 13 and 14, the rotatable member 19 of the sensor 1i
héy be proviided with a radial projection 50 in the form of a
cam follower which may, as shown, be provided with a roller
51 at its end. The end of the projection 50, or roller 51
if provided, cnqaqges with a longitudinally extending cam

surface 52 provided on the elongate member 16 to cause
rotation of the member 19 on longitudinal movement of rod
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16. The member 19 has an initial position as shown in
Figures 13 and 14 and is movable from that position in the
anticlockwise direction (as shown in Figures 13 and 14),
against the bias of hairspring 25, by the cam surface 52.
The cam surface 52 can be configured to provide a non-linear
relationship between movement of the rod 16 and rotation of
the arm 21,

In this embodiment, the contact head of the rod 16
is at the upper end of the rod 16 and, as in the previous
embodiments, the assembly of rod, rotatable member, arm with
indicator and the helicul spring is substantially balanced.

~ As descrlbed‘dbove, the above described sensors may
by ugaed for nounaing diuplacomoent of a dlaphragm with a viow
to indicating fluid pressure or pressure changes producing a
deflection of the diaphragm. .The sensors may also be used
with other bodies which are displaced in accordance with a
fluid pressuré or pressure chango. For example, as shown
in Figure 15, a sunsor as duscribed above may be used to
sense displacement of a bourdon tube 60. As shown in
Figure 15, two sensors 1) and 1k are provided mounted in the
housing of the tube 60. The rod 16 of sensor 1j does not
sense displacement ot the end of the bourdon tube 60
directly but through an*amplifying linkage comprising
pivoted levers 61 and 62 pivotally mounted on the end of the
tube 60 and its housing and which may be provided with an
adjustable stop 63 and an adjustable lost motion connection
64, similar to the linkage of Figure 7. It will be apprec-
iated that the linkage between the end of the bourdon tube
60 and the sensor 1j may take a variety of different forms
and indeed may be omitted so that the sensor is arranged to
directly sense displacements of the end of the bourdon
tube.

As shown in Figure 15, the sensori1j is as described
with reference to Figure 12 so that it is responsive over

two separate parts ol Lthe full range ot displacement of the
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end of the tube 60 and the scale is appropriately marked to
indicate, for example, pressures between 4.0 and 4.35 kg/cm2
and 8.00 to 8.25 kg/cmz. It may alternatively be as
described with reference to Figure 7 to indicate only one
part of the full range.

The second sensor 1k is as described with reference
to either Figure 1 or Figure 6 with the modification of
Figure 4 and an angular scale and.is arranged to sense and
indicate movements of the bourdon tube 60 over the full

range of movements of the tube. To this end, the pin 35 of
the rod 16 ot sensor 1k bears on the end of a lever 65

pivoted at 66 on a part of the housing of the bourdon tube
and at 67 on lever 61.7 Where the device is not required to
indicate movement of the bourdon tube over the full range of
its movements, this scnsor 1k may be omitted together with
the lever 65.

1t will be apprecliated that two or more sensors as
described above may be provided in any device incorporating
a sonuvor, o0.9. ay doucribod horoinbaefore or horainafter,
one of the sensors being arranged to be responsive over the
full range of displacements of the body and the or each
other sensor being arranged to be responsive over one or
more predetermined part; of the full range.

The above described sensors may also be used for
indicating dimensions or variations from a fixed dimension.’
Figure 16 shows a gauge for measuring linear dimensions but
which, by virtuc of the incorporation of a sensor as
described above, is arranged to indicate only over one or
more parts of the full range of the gauge. As shown, the
gauge comprises a contact rod 70 for contacting the body,
the rod 70 being movable longitudinally in a housing 71 |
against the bias of a spring 72. The rod carries a later-
ally extending member 73 which is adjustably fixed on the
rod 70 at an appropriate point and it is this member 73
which contacts the rod 16 of the sensor 1m for operating the
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gJauge. The sensor may be as described with reference to
Figure 4, 6 or 7 with an angular scale 22 and for providing
an indication over Lhe whole or a single part of the range
of movements of rod 70, or, as shown, may be as described
with reference to Figure 12 for providing an indication over
two or more parts ot the tull range. 'The housing 33 of the
sensor is fixed to the housing 71 with the rod 16 extending
generally parallel to rod 70 and perpendicular to member 73.
The angular scale 22 is provided on a face of housing 71.

This embodiment includes a modification applicable
to other embodiments of sensor for amplifying rotation of
the pinion 19 by the rod 16. As shown, mounted on the
shaft 20 of the pinion-19 is a further gear wheel or pinion
74 which rotates with pinion 19 and meshes with a pinion or
gear wheel 75 on the axis of which the arm 21 including
indicator 23 and counterbalancing arm extension 2la (not
shown) is mounted. The axis of wheel 75 is vertically
aligned with the axis of pinion 19 so that it has no moment
about the axis of pinion 19. - The spring 25 is thus
provided merely to counterbalance the rod 16 as described
above.

For indicating a force or force change, the rod 16
of the sensor may be arranged to be displaced against a
calibrated or known force. As shown in Figure 17, the
sensor 1m as described with reference to Figure 5 with an
angular scale is incorporated in a device which is capable
of indicating a compressive or tensile force. For this
purpose, the rod 16 is mounted between two calibrated

springs 80, 81 which bcar on its ends, in a housing 82, the
roa 1€ being provided wilh an extension 83 at one end which

projects from the housing 82 for engagement with the body 10
subject to the compressive or tensile force to be measured.

In the relaxed condition of the gauge, the springs 80 and 81
are unstressed and Lhe moment ot the rod 16 of the sensor

about the axis of pinion 19 is substantially balanced by the

1

'BAD ORIGINAL ;0) J

ADNANN Y17



hairspring 25 so that the sensor has maximum sensitivity.
In this embodiment there is no requirement for a slight
resultant moment biasing the rod 16 in.the direction of the
body 10 so that the moment of the rod 16 can be balanced by
the spring 25. Furthermore since the rod 16 is held
between the springs 80, 81, no stops limiting movement of
rod 16 arc requirced.

In use, the rod 16 is moved longitudinally against
the bias provided by one of the springs 80, 81, depending on
whether the force is a compressive force or a tensile force,
and the extent of the movement, which is an indication of
the applied force, is indicated on one of the two parts of
the scale 22, depending on the direction of movement of rod
16 which depends on whether the force iy a compressive force
or a tensile force.

The contact head 84 of the rod 16 may, as shown, be
pivotable about axis 85 between the position shown in Figure
17, for measuring compressive forces, and a position at 90°
thereto for measuring tensile forces.

In the above described embodiment, the calibrated or
known force against which the force to be measured is
balénced is applied to the rod 16. In the modification
shown in Figure 18 the calibrated force is applied to an
intervening member whose displacement is then sensed by a
sensor as described above. As shown in Figure 17, a
generally T-shaped member 90 is pivotally mounted about
central.pivot point 91 in a housing 92, the upright of the T
projecting out of the housing for contacting the body 10
which is subject to a compressive or tensile force. The
callbrated springs 93 and 94 are connected to the ends of
the arms of the member 90 which will thus be pivoted in
accordance with the compressive or tensile force to be
measured. Displacement of one of the arms of the member 90
is sensed by a sensor 1p which is as described in relation

to Figure 4 with an angular scale. As in the preceding
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embodiment, the scule 22 ol Lhe gauge has two parts, one for
compressive forces and the other for tensile forces.

Although the devices described above in relation to
Flgures 17 and 18 urc both cupuble of measuring a force
whether it is a compressive force or a tensile force, the
devices may be modified to measure only a compressive force
or only a tensile torce by the omission of the appropriate
one of the springs 80 or 81 in the embodiment of Figure 17
and 93 or 94 in the embodiment of Figure 18 and its replace-
ment, if required, by an appropriate stop.

The above described embodiments of sensors, and of
devices incorporating sensors, all provide an indication or
measurement visible at the device. It will be appreciated
that, in all the above described sensors and devices, the
rotatable member 19, shaft 20 on which the rotatable member
is mounted, or preferably the arm 21 or indicator 23, may be
associated with means for sensing the position or movement
for providing an indication or measurement electrically or
electronically. The indication or measurement may be
provided in analogue or digital form and may be provided '
remotely. Where no on-site indication is required, the arm
may be integral or made integral with the rotatable member
for rotation therewith. -+ For example, the pinion 19 may be
formed with a radially projecting portion providing the arm
21, the teeth being omitted in this portion.

' Additionally, in all the above described embodiments
of sensors and devices incorporating sensorsg, mwanyg may be
provided in association with the rotatable member 19, the
shaft 20 on which the rotatable member is mounted, the arm
21>dr indicator 23, for triggering or actuating one or more
alarms or switches or other mechanisms or devices for
control or other purposes at one or more predetermined |,
positions within one or more parts of the ranges of dis-
placement of the body 10 in which the sensor is responsive.

A mechanical link may be provided between the pinion, pinion
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shaft, arm or indicator and the mechanism or device
triggered or actuated thereby, or an electric or electronic
link may be provided with one or more contacts or switches
which are engaged at one or more selected positions.

There is thus provided a sensor responsive to dis-
placement of a body which can be arranged to be very
sensitive to displacement and therefore capable of sensing
very small displacements and which may be capable of
responding to displacements in one or more predetermined
parts of the overall range of dlsplacement of a body. The
sensor can be engineered at low cost and can be mass
produced. It will also be appreciated that it can be
incorporated in existing devices very simply with little or
no modification of the body sensed because the rod 16 can be
arranged merely to contact the body and does not need to be
in any way mechanically linked or connected therewith,
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1. A sensor for sensing relative displacement of a
relatively movable body comprising a housing, and a sensing
assembly comprising an clongate member, a rotatable member
and arm means, the elongate member being mounted in the
housing for linear longitudinal movement between a first
position and a second position in dependence on the relative
displacement of the body and having a longitudinally exten-
ding engagement surface, the rotatable member having a
circumferential engagement means and being mounted in the
housing so as to permit engagement between the engagement
surface of the elongate member and the engagement means of
the rotatable member for causing rotation of the rotatable
member with longitudinal movement of the elongate member, and
the arm means being arranged to be rotated with rotation of
the rotatable member, wherein the.assembly is arranged so as
to be substantlally balanced about the axis of the rotatable
member,

2. A sensor as claimed in claim 1, wherein the engage-
ment surface of the elongate member and the engagement means
of the rotatable member are adapted for frictional engage-

ment.

3. A sensor as claimed in claim 1, wherein the engage-
ment surface of the elongate member is provided with means
for positive engagement with the engagement means of the

rotatable member.

4. A sensor as claimed in claim 3, wherein the engage-
‘ment means of the elongate member and the engagement means of
the rotatable member comprise interengageable teeth.

5. A sensor as claimed in claim 4, wherein the engage-
ment surface of the elongate member is part cylindrical, the
teeth of the elongate member being correspondingly arcuate.
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ment surface of the elongate member comprises a cam and the

6. A sensor as claimed in claim 3,

engagement means of the rotatable member comprises a cam
follower.

7. A sensor as claimed in any of the preceding claims,
wherein the one end of the elongate member facing in the
direction of the first position is adapted to contact the

body but is not mechanically linked or connected therewith.

8. A sensor as claimed in any of the preceding cléims,
wherein the one cnd of the elongate member faéing in the
direction of the first position is adapted to contact the
body directly.

\.‘. .
9. A sensor as claimed in any one of claims.1 to 7,
wherein the one end ot the elongate member facing in the
direction of the first position is adapted to contact the

body through lever means. R

10. A sensor as claimed in claim 9, wherein the lever
modns arg arramged to amplify or reducw the displacomaent of

the body transmitted thereby to the elongate member.

11. A sensor as claimed in any of claims 8 to 10, wherein
the one end of the elongate member is provided with contact
means which are adjustable for adjusting the position at

which initial movement of the elongate member occurs.

Tﬁ. A sensor as claimed in claim 11, wher®in the contact
means comprises a pin having a contact head for contacting
the body and which is threaded into the end of the elongate
member or a part thcreof.

13. A sensor as claimed in either of claims 1% or 12,
wherein the contact means is movable relative to the elongate

. s
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member to permit displacement of the body when in contact
with the contact means without movement of the elongate

member and rotatable member.

14, A sensor as claimed in claim 13, wherein the contact
means is biased by biasing means relative to the elongate
member to an initial extended position and is movable against
the bias to a retracted position gglative to the elongate

member.

15. A sensor as claimed in any of the preceding claims,
wherein the assembly is arranged so that there is a small
resultant force acting on the elongate member in a direction
biasing the elongate member towards the first position
thereof.

16. A sensor as claimed in claim 15, wherein the

resultant force is less than the force acting on the body and
causing the displacement of the body which is to be sensed.

17. A sensor as claimed in any of tﬁe preceding claims,
wherein the arm means and elongate member are arranged with
thelr cuntrus ol ygravity ‘on vpposite sides of the axis of tho
rotatable member such that their moments about the axis of
the rotatable member are opposed over the full range of move-

ments of the arm.

18. A sensor as claimed in any of the preceding claims,
wherein the elonqgate mecmber is arranged to be movable
verfically.

19. A sensor as claimed in any of the preceding claims,

wherein the arms means comprises an arm coupled to be rotated
by the rotatable member and an indicator movable over a

scale.
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20. A sensor as claimed in any of the preceding claims,
wherein the assembly comprises biasing means acting on
another component thereof and contributing to balancing of
the assembly about the axis of the rotatable member.

21. A sensor as claimed in claim 20, wherein the arm
means is adapted so that it is balanced about the axis of the
rotatable member, the biasing means at least partially
counterbalancing the moment of the elongate member about the
axls of the rotatable member.

22, A sensor as claimed in either claim 20 or claim 21,

wherein the biasing means comprises a spring.

23. A sensor as claimed in any of the preceding claims
which is adapted to be responsive to displacements of the
order of or less than one millimetre. )

24. - A sensor as claimed in any of the preceding claims
which is adapted to be responsive to displacements caused by
pressures or forces or changes in pressure or force of the
order of or less than ten millibars or ten centinewtons
(0.1N).

25. A sensor as claimed in any one of the preceding
claims which is adapted to be responsive to displacement of
the body in a part only of the full range of displacements of
the body.

26. A sensor as claimed in any one of the preceding
claims which is adapted to be responsive to displacement of
the body in a plurality of parts only of the full range of
displacements on the body.
27. A nonnar as clalmad {0 any ono of the preceding
claims, comprising stop means :for holding ‘the elongate. meqpber
stationary at leaust Lomporarily relalive to the bod‘y. o

x 9
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28. A sensor as claimed in claim 27, comprising first
stop means for preventing movement of the elongate member
beyond the first position and for holding the elongate member
out of contact with the body during displacement of the body
in a first part of the full range of displacement of the
body.

29. A sensor as claimed in claim 28, comprising second
stop means for holding the elongate member stationary after a
predetermined movement of the elongate member from the first

position.

30. A sensor as claimed in claim 29, wherein the elongate
member comprises a contact head for contacting the body, the
contact huuad bulng reliactable relatlvoe to the elongato
member against a bias such that when displacement of the body
causes the elongate member to contact the second stop means
further displacement of the body causes the contact head to
retract relative to the elongate member.

31. A sensor as claimed in either claim 29 or claim 30,
wherein the second stop means prevents further movement of

the elongate member and detines the second position thereof.

32. A sensor as clalmed Iln claim 30, comprising third
stop means for holding the contact head stationary relative
to the elongate member after a predetermined further dis-
placement of the body, the second stop means being adapted to
be overcome when the contact head is held stationary by the

tﬁird stop means to permit further movement of the elongate
member with further displacema2nt of the body.

33. A sensor as claimed in claim 32, comprising fourth

stop means for holding the elongate member stationary rela-
tive to the body after a further predetermined displacement
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of the body, the third stop means being adapted to bhe
overcome on contact of the elongate member with the fourth
stop means to permit further retraction of the contact head
relative to the elongate member on further displacement of
the body.

34. A sensor for sensing relative displacement of a body
substantially as herein described with reference to the
accompanying drawings. '

3. A fluid pressure sensing device comprising a body
digvplacoablu in accordance with a pressure to be sensed and a
sensor as claimed in any of the precedlng claims for sensing
predetermined displacements of the body

36. A fluid pressure sensing device as claimed in claim
35, comprising a housing, wherein the body comprises a
diaphragm defining in the housing a first chamber for
connection to the fluid whoserpressufe is to be sensed and a
second chamber which is in use maintained at a known
pressure, and the sensor is mounted in the second chamber
with the elongate member extending substantially parallel to
the direction of displacement of the diaphragm for contact by
the diaphragm. ‘

37. A fluid pressure sensing device as claimed in claim
36, wherein the one end of the elongate member facing in the
direction of the first position thereof is spaced from the
diaphragm so that it is not contacted thereby during an

initial predetermined displacement of the diaphragm.

38. A fluid pressure sensing device as claimed in claim

35, wherein the body is a bourdon tube.



39. A fluid pressure sensing device substantially as
herein described with reference to the accompanying

drawinys,

40, A gas pressure requlator comprising a housing having
an inlet and an outlet for gas, valve means between the inlet
and outlet for regulating the supply of gas to the outlet,
means for controlling the valve means in dependence on gas
pressure at the outlet, the valQe control means comprising a
flexible diaphragm mounted in the housing and defining a
first chamber exposed to the gas pressure at the outlet and a
second chamber exposed to a known preysure, and a sensor as
claimed in any of claims 1 to 34 mounted in the second
chamber with the elongate member thereof arranged to be
contacted by the diaphraygm.

41, A gas pressure regulator as claimed in claim 40,
wherein the one end of the elongate member facing in the
direction of the first position thereof is spaced from the
diaphragm so that it is not contacted thereby during an
initial predetermined displacement of the diaphragm,

42, A gas pressure regqulator as claimed in either claim
40 or claim 41 for regulating the pressure of gas from a
cylinder of liquefied gas, wherein the arm means of the
sensor comprises an indicator movable over a scale, the scale
being calibrated to indicate the amount of liquefied gas

remaining in the cylinder.

43, A gas pressure regulator substantially as herein
described with reference to the accompanying drawings.

44, A displacement measuring device comprising a housing,

a rod for contacting an element whose displacement is to be
measured and mounted for longitudinal movement in the

' 'BAD ORIGINAL -'0))4

ADANN1 417



housing and a sensor as claimed in any of claims 1 to 34
mounted in the housing with the elongate member thereof
arranged to be contacted by a body movable with the rod.

45. A displaccement measuring device as claimed in claim
44, wherein the one end of the elongate member facing in the
direction ot the tirst position thereof is spaced from the
body so that it is not contacted thereby during an initial
predetermined displacement of the body.

46. A displacement measuring device substantially as
herein described with refercnce to the accompanying

drawings. ' -

47. A force sensing device comprising a sensor as claimed
in any of claims 1 to 34, wherein the elongate member is
arranged to be subject to the bias of a calibrated spring and
to be moved by a body subject to and displaceable by the

force to be sensed against the bias of the calibrated
spring.

48, A force uenslng device as claimed In claim 47,
wherein the calibrated spring acts directly on the elongate

member of the sensor.

49. A force sensing device as claimed in claim 47,
wherein the elongate member is coupled to a pivotally mounted
lever which is adapted to contact the body, the calibrated
spring acting on the lever.

50, A force sensing device substantially as herein

described with reference to the accompanying drawings.
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