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PRESSURE INDICATOR

This invention relates to a pressure indicator.

There are many applications where a low cost pressure indicator is required for

indicati inngg tthhee pprreessssuurree o f a liquid o r gas. Sometimes the liquid o r gas is flowing and a t

other times it is hydrostatic.

In the medical field, contamination is also a serious problem and it would b e highly

desirable for pressure indicators to b e available which were inexpensive so that they could

b e discarded after a single use.

Medical applications include monitoring o f the pressure of injectable fluids in

typical situations as follows:

(i) Injections

During the injection of therapeutic agents into human tissue high pressures should

b e avoided where this indicates that the site o f the injection is other than intended. Arterial

injection produces pulsatile pressures o f >100 mmHg. Injection into nerves

characteristically produce static pressures o f > 1000 mmHg. Injection into tendon's and

other non porous tissues may produce even higher pressures. There is often a need for the

physician o r nurse to be aware o f such pressures as the tactile force applied to a syringe is

not a consistent guide to the pressures generated due to variation in piston diameter

between syringes o f differing capacity,

(ii) Flow Rate Monitoring

If a fluid is injected through a fixed resistance then the pressure provides an

indication o f flow rate which is desirable during the injection o f antibiotics,

chemotherapeutic agents and radiological dyes. Such a pressure gauge can b e calibrated to

show the desired flow rate and hence the physician o r nurse can easily inject the agent

within the manufacturer's guidelines.

(iii) Pressure monitoring for ancillary equipment

Many medical devices require pressure monitoring as part o f their functionality.



The pneumatic pressure devices commonly used to force fluid from Intravenous fluid bags

require a pressure gauge for correct pressurisation. Filling of various catheters placed in

body cavities arteries etc. These have balloons that are inflated to provide mechanical

force to seal or expand against the walls for such cavities or vessels.

(iv) Measurement of airway pressure

Various airway management devices (including resuscitation bags) provide positive

pressure ventilation for patients lungs, monitoring of this pressure is desirable to avoid

barotrauma to the lungs.

The characteristics that are important for such a device include:

(i) Cost

Low cost requires low cost components and as well as ease of manufacture

(ii) Ease of Use

Pressure indication that is easily read and preferably with an analogue indicating

scale for easy interpretation

(iii) Minimal Dead Space

If the gauge is used for the injection of fluids it is important that the internal

mechanism of the gauge has minimal dead space as this tends to introduce air into the

injection system. Further, the therapeutic agent may be of great value and hence it is

undesirable for it to fill the gauge's deadspace and hence to unavailable for injection.

Finally the presence of air in the gauge can blunt the response of the gauge to pressure

change

(iv) Compact Design

It is important that the gauge be of the minimum size practical as in many

applications it is undesirable to have a bulky or heavy device attached to a syringe or other

system

(v) Accuracy

It is important for such a gauge to have appropriate level of accuracy. +/- 7.5% has

been achieved.



It is a general object of the invention to provide a pressure indicator which at least

partially satisfies all or some of the criteria above.

According to the present invention there is provided a pressure indicator:

a body having a pressure chamber which has an inlet for communication with a

fluid;

a resilient diaphragm having a periphery sealed against the body and having one

side thereof exposed to the fluid within the chamber;

an indicating arm having an inner end which is integrally formed with the other

side of the diaphragm and an outer end arm which is adjacent to a scale,

the arrangement being such that pressure of the fluid within the chamber causes

resilient deformation of the diaphragm which in turn causes the outer end of the arm to

move relative to the scale thereby indicating the pressure of the fluid in the chamber.

Preferably, the chamber has an outlet and said fluid under pressure, in use, flows

from the inlet to the outlet through the chamber.

Preferably, the indicator includes a fulcrum which serves to cause rotation of the

arm on resilient deformation of the diaphragm.

Preferably, the fulcrum is integrally formed with the diaphragm.

Preferably, the diaphragm, arm and fulcrum are injection moulded from plastics

material.

Preferably, the indicator includes a first housing coupled to the body, the

diaphragm being arranged to resiliently expand into the first housing when the pressure of

the fluid increases.

Preferably, the first housing includes formations which interlock with

complementary formations on the body and wherein, in use, the periphery of the



diaphragm is clamped between the body and the first housing.

Preferably, the fulcrum extends from a mounting point inwardly adjacent to the

periphery of the diaphragm.

Preferably, the first housing includes guide means which engage or are engagable

with the fulcrum to limit displacement of the fulcrum when the diaphragm expands.

Preferably, the indicator includes a second housing, the outer end of the indicating

arm being located within the second housing.

Preferably, the second housing is integrally formed with the body.

The invention also provides a resilient diaphragm for use in a pressure indicator

having a periphery which is, in use, exposed to the fluid within a chamber, and an

indicating arm having an inner end which is integrally formed with the diaphragm and an

outer end arm which is adjacent, in use, to a scale.

The invention also provides a pressure indicator:

a body having a pressure chamber which has an inlet for communication with a

fluid under pressure;

a resilient diaphragm having a periphery sealed against the body and having one

side thereof exposed to the fluid within the chamber;

an indicating arm having an inner end which is integrally formed with the other

side of the diaphragm and an outer end arm which is adjacent to a scale;

a first housing includes formations which interlock with complementary formations

on the body and wherein, in use, the periphery of the diaphragm is clamped between the

body and the first housing,

the arrangement being such that pressure within the chamber causes resilient

deformation of the diaphragm which in turn causes the outer end of the arm to move

relative to the scale thereby indicating the pressure of the fluid in the chamber,



characterised in that the indicator is formed from only three components.

The invention also provides a pressure indicator:

a body having a pressure chamber which has an inlet for communication with fluid

under positive or negative pressure relative to atmosphere;

a resilient diaphragm having a periphery sealed against the body and having one

side thereof exposed to the fluid within the chamber;

an indicating arm having an inner end which is integrally formed with the other

side of the diaphragm and an outer end arm which is adjacent to a scale,

the arrangement being such that pressure within the chamber causes resilient

deformation of the diaphragm which in turn causes the outer end of the arm to move

relative to the scale thereby indicating the pressure of the fluid in the chamber.

The invention will now be further described with reference to the accompanying

drawings, in which:

Figure 1 is an isometric view of a pressure indicator of the invention;

Figure 2 is an underside isometric view of the indicator;

Figure 3 is an exploded view of the indicator;

Figure 4 is a side view of the indicator;

Figure 5 is another side view of the indicator;

Figure 6 is a plan view of the indicator;

Figure 7 is an underside view of the indicator;

Figure 8 is a cross-sectional view along the line 8-8;

Figure 9 is a cross-sectional view along the line 9-9;

Figure 10 is a cross-sectional view along the line 10-10;

Figure 11 is an enlarged plan view;

Figure 12 is a cross-sectional view along the line 12-12;

Figure 13 is an enlarged side view;

Figure 14 is a side view of the diaphragm;

Figure 15 is another side view of the diaphragm;

Figure 16 is a fragmentary view of part of the housing;



Figure 17 is a fragmentary underside view of the housing;

Figure 18 is a schematic plan view of the housing and part of the diaphragm;

Figure 19 is a side view of the indicator;

Figure 20 shows the indicator in its final assembled position;

Figure 2 1 shows the indicator with the diaphragm deflected;

Figure 22 is a graph showing the deflection of the diaphragm as a function of

pressure;

Figure 23 is a diagram showing deflection of the indicator as a function of

deflection of the diaphragm; and

Figure 24 is an enlarged side view of a modified indicator of the invention.

The drawings show a pressure indicating device 2 of the invention which is

especially suited for single use medical applications such as indicating the pressure at

which a liquid is injected into a patient via a syringe. Typically the pressure of the fluid

needs to be in the range from 0 to 25psi.

The indicating device 2 of the invention is made from three components which

include a main body 4, diaphragm assembly 6 and diaphragm housing 8 as best seen in the

exploded view of Figure 3.

The main body 4 is preferably injection moulded from plastics material such as

clear polycarbonate. The main body 4 includes a conduit 10 which has an inlet 12 formed

as a male Luer connector and an outlet 14 formed as a female Luer connector. The inlet

and outlets could be interchanged. The conduit 10 is integrally formed with a cup-shaped

body 16 which includes a cylindrical wall 18 and base wall 20. The base wall 20 includes

a port 22 which communicates with the interior of the conduit 10. The base wall 20 is

essentially flat or planar but it does include an annular projecting rib 24 located somewhat

inwardly from the cylindrical wall 18. The cylindrical wall 18 includes an inwardly

projecting lip 25 on its upper edge.



The main body 4 is integrally formed with an indicator housing 30 which is formed

at an angle of about 45° relative to the axis of the conduit 10 as seen in Figure 8. This

orientation makes it easier to view the pressure indication as will be described in more

detail below. The indicator housing 30 includes two parallel sidewalls 32 and 34 joined by

a bottom wall 36. The housing includes a top wall 38 which is moulded in a position

where it is generally parallel to the bottom wall 36 and connected to the upper corners of

the sidewalls 32 and 34 by means of an integral hinge 40. This is the preferred way of

forming the top wall because it would be difficult to injection mould the main body 4 with

a fixed top wall joining the upper edges of the sidewalls 32 and 34. One or other of the

walls 32 or 34 could be moulded with a pressure scale (not shown) which in use is adjacent

to the indicating arm of the device so as to enable the pressure to be read. Alternatively,

the scale could be printed onto one or other of these walls. Normally it is preferred that the

scale be printed onto the sidewall 34 so that an operator can view the position of the

indicating arm through the sidewall 32 against the scale so as to obtain a pressure reading.

The diaphragm assembly 6 will now be described in more detail with reference to

Figures 3, 14 and 15. The diaphragm assembly is injection moulded from silicone rubber

preferably having a Shore A hardness in the range 50 to 55. It includes a diaphragm 50 in

the form of a circular disc preferably of uniform thickness, the thickness typically being in

the range from 1.5mm to 2.5mm and preferably about 2mm. The diaphragm is integrally

moulded with an indicating arm 52 which is joined to the centre of the diaphragm 50 by

means of an upstanding post 54 via an integral hinge 56. The diaphragm assembly 6

includes a bracket 58 which is also integrally moulded with the diaphragm 50 and the

indicating arm 52. The bracket 58 includes a lower leg which is connected to the

diaphragm 50 inwardly adjacent to the periphery of the diaphragm, as best seen in Figure

15. The bracket includes a second leg 62 which is joined to the underside of the indicating

arm 52 and serves as a fulcrum about which the indicating arm 52 can rotate, as will be

described in more detail below. As can be seen from Figure 14, the first leg 60 is

somewhat wider than the second leg 62. Also, the first leg 60 includes first and second

blind bores 64 and 66.



The diaphragm housing 8 will now be described in more detail with reference to

Figures 3, 13, 16, 17 and 18.

The diaphragm housing 8 is injection moulded from clear polycarbonate as an

integral moulding. It includes an annular base 70 from which extends a hollow

frustoconical projection 72 which is partly closed by means of a top wall 73. As can best

be seen from Figure 3, the frustoconical projection 72 includes a gap which is bounded by

two flanges 74 and 76 which extend from the annular base 70 to the top wall 73. The

housing 8 includes a tapered flange 78 which extends downwardly from the outer

periphery of the base 70, as best seen in Figure 13. In addition, the outer peripheral edge

of the annular base 70 includes a rebate 80.

The arrangement and dimensions of the three components are such that the

diaphragm 50 is clamped between the main body 4 and the housing 8 with the indicating

arm 52 projecting between the flanges 74 and into the indicator housing 30. More

particularly, it will be seen from Figure 13 that the diaphragm 50 rests on the base wall 20

of the main body 4. Its outer peripheral region engages the underside of the annular base

70 of the housing 8 and the outer peripheral wall engages the inner periphery of the flange

78. During assembly, the diaphragm assembly is first fitted into the diaphragm housing 8

so that the indicating arm 52 projects outwardly between the flanges 74 and 76. The

indicating arm 52 is aligned relative to the sidewalls 32 and 34 so that the diaphragm

housing 8 and diaphragm assembly 6 can be lowered so that the indicating arm 52 enters

the indicator housing 30 between the sidewalls 32 and 34. The diaphragm housing 8 and

main body 4 are then pressed together so that the tapered flange is snap fit into the

cylindrical 18 and the lip 25 interlocks with the rebate 80 so that the diaphragm housing 8

and main body 4 are interlocked with the diaphragm 50 sealingly engaged therebetween. It

will be seen from Figure 13 that the rib 24 presses into the underside of the diaphragm 50

and resiliently deforms it so as to enhance the seal between the outer region of the

diaphragm 50 and the base wall 20 of the main body 4.



After the three components have been fitted together, as described above, the top

wall 38 can be rotated into its final position. This is schematically illustrated in Figures 19

and 20 where the top wall has been rotated anti-clockwise through approximately 180° so

that the top wall 38 closes the gap between the sidewalls 32 and 34 and is sufficiently long

so that it effectively closes the gap between the flanges 74 and 76. This protects the

indicating arm 52 from being inadvertently displaced. The top wall 38 includes laterally

extending projections 90 and 92 which interlock with complementary projections 94 and

96 formed adjacent to the upper edges of the sidewalls 32 and 34.

In use of the pressure indicating device 2 of the invention, fluid under pressure is

located within the conduit 10. The fluid can be static or flowing. The port 22

communicates the pressurised fluid with the underside of the diaphragm 50 and, depending

on the pressure of the fluid, the diaphragm 50 will resiliently deform, as schematically

illustrated in Figure 20. It will be appreciated that as the diaphragm 50 deflects upwardly,

the indicating arm 52 will be caused to rotate in a generally clockwise direction as seen in

Figure 20. The extent of deflection of the indicating arm 52 is proportional to the extent of

deflection of the diaphragm 50. Deflection of the diaphragm 50 is also generally

proportional to the pressure within the conduit 10, as will be described in more detail

below.

It will be appreciated that the second leg 62 which serves as the fulcrum for the

indicating arm 52 is not completely independent of movement of the diaphragm 50 since it

forms part of the bracket 58 which is moulded integrally with the diaphragm 50. The

illustrated device includes components which serve to stabilise the position of the

indicating arm 52 so as to tend to make deflection of the indicating arm 52 more truly

proportional to the pressure within the conduit 10. In the illustrated arrangement, the

width of the first leg 60 is such that it is snugly received between inner flanges 100 and

102 which can be regarded as being contiguous with the flanges 74 and 76 respectively.

The flanges 100 and 102 have inwardly directed conical pins 104 and 106 formed

therewith. The arrangement is such that the conical pins 104 and 106 are received within

the bores 64 and 66 respectively as shown in the schematic plan view of Figure 18. This



serves to further fix the position of the legs 60 and 62 relative to the main body 4 and

diaphragm housing 8 so as to minimise movement of the fulcrum for the indicating arm 52.

A prototype of the pressure indicating device 2 has been constructed and tested. In

the prototype, the diaphragm 50 had a nominal diameter of 18mm and the length of the

indicating arm 52 about 22mm as measured from the centre line of the post 54.

The deflection of the diaphragm depends on the thickness of the diaphragm as well

as its hardness. Table 1 below shows the typical deflection at the end of the indicating arm

52 for diaphragms of different thicknesses. In each case the hardness was Shore A 50.

Figure 22 shows the average deflection of the diaphragm 50 as a function of the

pressure within the conduit 10. Figure 23 is a diagram showing the theoretical deflection

at the tip of the indicating arm 52 as a function of deflection of the diaphragm. It will be

seen that the relationship is approximately linear.

In the illustrated arrangement, the main body 4 is formed with a conduit 10 which

has an inlet and outlet which is appropriate for pressure measurement where the fluid

under pressure flows through the conduit. It would be possible to block one of the outlets

where the device was to be used for measurement of a fluid which is not flowing through

the device. Alternatively, the main body 4 could be moulded with a single inlet port

without an outlet.

The pressure indicator 2 described above is a compact and inexpensive device for

indicating pressures. It is capable of indicating positive pressures, that is to say pressures

above atmospheric. It is also possible to indicate negative pressures, that is to say



pressures which are less than atmospheric. In other words, when there is a negative

pressure at the port 22 the diaphragm 50 will be resiliency deformed in a direction towards

the port 22. It is possible to modify the arrangement by changing the shape of the base

wall 20 in order to accommodate greater degrees of resilient deformation of the diaphragm

50 when subjected to negative pressures.

Figure 24 illustrates a modified indicator 120 which is modified slightly so that it

can indicate positive as well as negative pressures. In this embodiment, the same reference

numerals have been used to denote parts which are the same as or correspond to those of

the earlier embodiment. More particularly, Figure 24 corresponds to Figure 13 of the

previous embodiment. It will be seen that the base wall 20 includes a concave dish

formation 122 which can permit a greater degree of downward resilient flexure of the

diaphragm 50 when the pressure within the port 22 is less than atmospheric. In this

embodiment, the indicator arm 52 is arranged so that it occupies a central position within

the indicator housing 30 when at rest or subject to zero pressure in the port 22. When

positive pressures are applied in the port 22, the diaphragm 50 ilexes upwardly so that the

indicator arm 52 moves downwardly so as to indicate positive pressures against the scale

124 which is applied to or on the sidewalls 32 or 34 or both of them. When, however, a

negative pressure is applied to the port 22, the diaphragm 50 is deflected downwardly so

that the indicator arm 52 moves upwardly so as to indicate negative pressures against the

scale 124.

As indicated above, the modified indicator 120 is specially designed so that it can

readily indicate positive as well as negative pressures. A modification can be readily made

to the device shown in Figures 1 to 23 so that it is better able to indicate both positive and

negative pressures. More particularly, the lower face 126 of the diaphragm 50 can be

partially removed, say for instance at broken line 128 shown in Figure 13. If the disc of

material bounded by the broken line 128 were removed this would create a gap between

the stepped lower face of the diaphragm 50 and the base wall 20 which would enable a

greater degree of downward deflection of the diaphragm 50 and hence the modified device

would also be better able to indicate positive as well as negative pressures.



Many modifications will be apparent to those skilled in the art without departing

from the spirit and scope of the invention.



LIST OF PARTS

pressure indicating device 2

main body 4

diaphragm assembly 6

diaphragm housing 8

conduit 10

inlet 12

outlet 14

cup-shaped body 16

cylindrical wall 18

base wall 20

port 22

annular rib 24

inwardly projecting lip 25

indicator housing 30

sidewalls 32, 34

bottom wall 36

top wall 38

hinge 40

diaphragm 50

indicating arm 52

upstanding post 54

hinge 56

bracket 58

first leg 60

second leg 62

1st and 2nd blind bores 64, 66

annular base 70

frustoconical projection 72

top wall 73



flanges 74, 76

tapered flange 78

rebate 80

laterally extending projection 90, 92

projections 94, 96

inner flanges 100, 102

pins 104, 106

indicator 120

concave dish formation 122

scale 124

lower face 126

broken line 128



CLAIMS:

1. A pressure indicator:

a body having a pressure chamber which has an inlet for communication with a

fluid;

a resilient diaphragm having a periphery sealed against the body and having one

side thereof exposed to the fluid within the chamber;

an indicating arm having an inner end which is integrally formed with the other

side of the diaphragm and an outer end arm which is adjacent to a scale,

the arrangement being such that pressure of the fluid within the chamber causes

resilient deformation of the diaphragm which in turn causes the outer end of the arm to

move relative to the scale thereby indicating the pressure of the fluid in the chamber.

2. An indicator as claimed in claim 1 wherein the chamber has an outlet and said fluid

under pressure, in use, flows from the inlet to the outlet through the chamber.

3. An indicator as claimed in claim 1 or 2 wherein the indicator includes a fulcrum

which serves to cause rotation of the arm on resilient deformation of the diaphragm.

4. An indicator as claimed in claim 3 wherein the fulcrum is integrally formed with

the diaphragm.

5. An indicator as claimed in claim 4 wherein the diaphragm, arm and fulcrum are

injection moulded from plastics material.

6. An indicator as claimed in claim 5, wherein the indicator includes a first housing

coupled to the body, the diaphragm being arranged to resiliently deflect into the first

housing when the pressure of the fluid increases above atmospheric pressure.

7. An indicator as claimed in claim 5 or 6 wherein the body has a base wall and

wherein said one side of the diaphragm is spaced from the base wall so that the diaphragm



can resiliently deflect towards said base wall when the pressure of the fluid decreases

below atmospheric pressure.

8. An indicator as claimed in claim 6 or 7 wherein the first housing includes

formations which interlock with complementary formations on the body and wherein, in

use, the periphery of the diaphragm is clamped between the body and the first housing.

9. An indicator as claimed in claim 6, 7 or 8 wherein the fulcrum extends from a

mounting point inwardly adjacent to the periphery of the diaphragm.

10. An indicator as claimed in claim 9 wherein the first housing includes guide means

which engage or are engagable with the fulcrum to limit displacement of the fulcrum when

the diaphragm expands.

11. An indicator as claimed in any one of claims 7 to 10 including a second housing,

the outer end of the indicating arm being located within the second housing.

12. An indicator as claimed in claim 11 wherein the second housing is integrally

formed with the body.

13. A resilient diaphragm for use in a pressure indicator having a periphery which is, in

use, exposed to the fluid within a chamber, and an indicating arm having an inner end

which is integrally formed with the diaphragm and an outer end arm which is adjacent, in

use, to a scale.

14. A pressure indicator:

a body having a pressure chamber which has an inlet for communication with a

fluid under pressure;

a resilient diaphragm having a periphery sealed against the body and having one

side thereof exposed to the fluid within the chamber;

an indicating arm having an inner end which is integrally formed with the other



side of the diaphragm and an outer end arm which is adjacent to a scale;

a first housing includes formations which interlock with complementary formations

on the body and wherein, in use, the periphery of the diaphragm is clamped between the

body and the first housing,

the arrangement being such that pressure within the chamber causes resilient

deformation of the diaphragm which in turn causes the outer end of the arm to move

relative to the scale thereby indicating the pressure of the fluid in the chamber,

characterised in that the indicator is formed from only three components.

15. A pressure indicator:

a body having a pressure chamber which has an inlet for communication with fluid

under positive or negative pressure relative to atmosphere;

a resilient diaphragm having a periphery sealed against the body and having one

side thereof exposed to the fluid within the chamber;

an indicating arm having an inner end which is integrally formed with the other

side of the diaphragm and an outer end arm which is adjacent to a scale,

the arrangement being such that pressure within the chamber causes resilient

deformation of the diaphragm which in turn causes the outer end of the arm to move

relative to the scale thereby indicating the pressure of the fluid in the chamber.

16. A resilient diaphragm for a pressure indicator, said diaphragm having a periphery

which is, in use, sealed against a body having a pressure chamber therein and one side of

the diaphragm is subjected, in use, to the pressure within the chamber, the diaphragm

including:

an indicating arm having an inner end which is integrally formed with the other

side of the diaphragm and an outer end arm which is, in use, adjacent to a scale,

the arrangement being such that, in use, pressure within the chamber causes

resilient deformation of the diaphragm which in turn causes the outer end of the arm to

move relative to the scale thereby indicating the pressure of the fluid in the chamber.
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