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(57) Abstract: An alternating pressure pad (1) comprises inflatable cells (9,10) supplied with air by supply lines (7, 8) from a
compressor (2) via supply line (3). A pressure controller controls the output of the compressor. Also connected to supply line (3)
1s an angle detection valve (40) restricting tlow of air to atmosphere with increase in 1ts angular position and a pressure transducer

& (17). Any increase m pressure due to an increase in angle of the detection valve (19) results 1n back pressure in the detection line.
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The pressure controller (2) uses the pressure transducer (17) to detect this change m pressure and then acts to adjust compressor
output to the cells (9, 10) accordingly. The angle detection valve (40) 1s positioned under the head section of the pad to move with
the head rest section.
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The present 1nvention relates to a pressure controlled

inflatable pad apparatus, 1n particular, a pressure

controlled 1nflatable pressure pad apparatus.

Alternating pressure pads are well known for the

gr—

prevention and management of decubitus ulcers 1n bedridden

gr—

patients. The formation of decubitus ulcers, commonly known

as bedsores, results from, amongst other things, the

yp— y—
—

pressure applied to certain portions of the skin of a

bedridden patient.

gr—
p—

Alternating pressure pads generally comprise two sets of

alternately 1nflatable cells. A high air pressure 1n the

gr—

rads may be needed to support the bony protuberances of a

patient and to ensure that the patient 1S lifted

y—

sufficiently away from deflated cells of the pad so that

g—

adequate pressure relief 1s provided. A low alr pressure,

however, 1s desirable since 1t provides a pad which 1is

softer and more comfortable. Optimal pressure support

therefore not only wvaries from patient to patient but also

gr—

during a given 1nflation cycle of the pad, since the

pressure supporting points will change during a cycle.

The required optimal support pressure will vary even

more as a patient changes from a supine to a sitting

p— |

position when the bed frame 1s profiled to raise the head

gr— y—

of the patient as the weight of the patient becomes more

gr—

concentrated on the part of the support under the buttocks.

gr—

There 1s a greater risk of the patient “bottoming” with the

y—

support surface contacting the surface of the bed thereby

p—
p—

reducing the pressure relief. Bottoming can be a particular

g—

problem 1f the backrest 1s used to position the patient in

a more upright or profiled position as their weight 1s not

as evenly distributed. This applies equally to an

alternating pressure pad as well as a static pressure pad.
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It 1s known to provide a pressure controller to set an

gr—

optimal pad support pressure. This may be a regulator for

the compressor supplying alr or a M1Croprocessor
controlling the output of the compressor to the pressure
rad.

It 1s known to have rotational sensors 1n some bed

frames on which the mattress 1s located which can derive

gr—

the angle of the bed frame and therefore the mattress, and

this i1information 1s then used by the pump unit to 1ncrease
the mattress pressures. This however limits the sensors to

only work when a mattress 1s connected to an expensive

integrated mattress-bed frame system, and the cost of the

electronics and feedback control system 1s 1likely to be
very expensive. There are also commercially available
incline sensors that use electronic transducers mounted on

gr—

a cilircult board placed in the head section of the mattress

with circuilitry back to the pump unit. These sensors are

gr—
p—

undesirable from a cost perspective due to the expense of

the electronic board and ancillary hardware needed to read

the i1nformation and then control the cells pressures. They

are even more undesirable from a safety perspective as

there are electronics close to the patient 1n an

environment where fluid could well be present. There are

p—

also 1mplications for the cleaning of the mattress with the

electronics needing to be removed first.

In accordance with the present 1nvention, a pressure

controller comprises means sensitive to fluid pressure and

adapted to 1ncrease or decrease the inflation pressure when
sald pressure exceeds a predetermined value, characterised
1n that saild pressure 1s exerted by an angle detection

gr—

valve variable 1n proportion to the angular position of the

angle detection valve.
Such a pressure controller 1s consiliderably simpler and

cheaper than known devices.
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According to another aspect of the 1nvention, a

y—

pressure pad system comprises 1nflatable sets of cells, a

pump connected by a fluid supply line to supply fluid to

the pad, and a pressure controller 1n accordance with the

present invention. In such a systemnm, the pressure

controller allows pad pressure to be i1ncreased when there

gr—

1s 1nsufficient support pressure due to the angular

gr—

position of the pad. This simple pneumatic system provides

a signal that the pump controller uses to 1ncrease the cell
pressures when the pad 1s raised to, or beyond, a chosen

angle. There are no electronics 1n the angle detection

valve therefore making 1t safe to use and easy to clean.

The system allows for optimal support pressure to be

gr— gr—

automatically achieved for each set of cells of the pad

gr— gr—

during the 1nflation period of that set of cells when the

alternating pressure pad 1s profiled to place the patient

in a more upright position. Preferably, the pressure pad

g—

comprises an alternating pressure pad of alternately

gr—

inflatable sets of cells.

According to a further aspect of the  present
inventlion, a pressure pad apparatus comprilses a pressure
controller 1n accordance with the present 1nvention, the

gp— gp—
p— p—

pressure pad of 1inflatable sets of cells and an angle

gr—

detection valve located beneath the cells, and a pump for

pr— — p— — pr— —
h— h— p—

ate the cells and to

ulid to 1n:

supplying ow through

the angle detection valve. Preferably, the pad comprises an

gr— gr—
p—

alternating pressure pad of alternately 1nflatable sets of

cells.

Preferably, the angle detection wvalve comprises a

gr—
p—

restrictor variable 1n dependence on angular position of

the valve from a horizontal position.

Preferably the angle detection valve comprises a ball

valve, 1including ball bearings 1n a housing arranged to

gr—

restrict flow of air through the housing i1n proportion to
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gr—

the angle of the housing as the housing 1s 1nclined from a

horizontal position to a vertical position.

In a preferred embodiment, the angle detection valve

comprises a bilinary switch showlng either a predetermined

p—

angular position of the wvalve or a horizontal position.

Preferably, the angular position can be varied. Preferably,

the valve comprises a housing having a ball bearing mounted

gr—
p—

on a *“see-saw” arrangement arranged to stop flow of air

through the housing as the housing 1s 1inclined from a

horizontal position to a predetermined angular position.

gp—

Preferred embodiments of the 1nvention will now Dbe

described with reference to the accompanying drawlngs, 1n

which:

gr—

Filgure 1 1s a schematic representation of a pressure

controller 1n an alternating pressure pad system;

Figure 2 shows the change 1n cell pressure against

gp—

detection line pressures due to angular position of the

angle detection valve;

)

Figure 3 1s a schematic representation of a preferred

gr—

embodiment of the angle detection valve;

y—

Figure 4 shows the results of the pressure against

y—

angular position of the angle detection valve;

g—

Figure 5 1s a schematlic representation of another

g—

preferred embodiment of the angle detection valve;

Figure 6 shows the pressure wvalues 1n the detection

gr—

line and the cell pressures with the angular position of

the angle detection valve;

yp—

Filgure 7 1s a schematic representation of a pressure

controller 1n an alternating pressure pad system with an
additional pressure regulator;
Figure 8 shows the pressure values 1n the detection

gr—

line and the cell pressures with the angular position of

the angle detection wvalve, limited to a maximum cell

pressure 1ncrease;
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A

Figures 9a and 9b are schematic representations of a

gr—

further embodiment of an angle detection valve;

y—

Filgure 10 1s a schematic representation of a pressure

controller 1in an alternating pressure pad system

g—

incorporating the angle detection valve of Figure 9; and

Figures 11, 12, and 13 show the pressure values 1n the

gr—

"erent cell

detection 1line and the cell pressures at dai

pressures, all limited to a cell pressure 1ncrease only

y—

above a certaln angular position of the angle detection

valve.

Referring to Figure 1, an alternating pressure pad 1

gr—
p—

1s shown comprising a first set 9 and a second set 10 of

alternately 1nflatable cells. Both sets of i1inflatable cells

are supplied with air from a compressor 2 vilia a rotary

gr—

valve 4. A pair of air supply 1lines 5, 6 lead from the

rotary valve 4 to the pad, there being provided a further

gp—

palr of air supply lines 7, 8 leading from the air supply

lines 5, 6. The rotary wvalve 4 1s supplied with air by

supply 1line 3. Extending from the supply 1line 3 1s a
discharge 1line 12 with a pivotable wvalve plate 13. A

further supply line 1leads to a fluid tight member 11,

sensitive to, and inflatable 1n dependence upon, the air

y—

pressure 1n the associated set of <cells of the pad.

gr—

Inflation of the member 11 above a predetermined pressure

1s arranged to cause the wvalve plate 13 to pivot and allow

alr to escape through the discharge line. The wvalve plate

13 1s maintained 1n a closed position by an adjustable

spring means 14 when the inflation of the 1inflatable

members 11 1s below a predetermined pressure. The

inflatable members 11, the valve plate 13 and the spring 14

gr— g—

comprise parts of a pressure relief valve. Thils pressure

valve malntains the pressure 1n the cells to predetermined
pressure by venting alr to atmosphere above the

predetermined pressure.
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gr—

Also connected to the output of the alr compressor 2

1s an angle detection wvalve 19 via a restrictor 16. The

y—

restrictor 16 allows a small percentage of alr to flow

through the angle detection 1line 15 through the angle

detection valve 19 to atmosphere. A pressure transducer 17

detects the pressure 1n the detection line 15. A fluid
ti1ght member 21 similar to 11 1s also connected to the

detection line and located on the same si1de as the wvalve

plate 13 as the adjustable spring means 14. The fluid tight

member 21 1s 1nflatable 1n dependence on the pressure 1in

the angle detection line. Any 1ncrease 1n pressure due to

p—

an 1ncrease 1n angle of the detection valve 19 will result

1n the member 21 and spring means 14 urging the valve plate

gr—

13 closed against the action of the fluid tight member 11

resulting 1n an 1ncrease 1n pressure 1n the mattress cells.

The angle detection valve 19 1s positioned under the head

gp—

section of the pad to move with the head rest section.

In use, the compressor % delivers alr to a

gr—
h—

predetermined pressure under control of a pressure

controller to the pad 1 via rotary valve 4 so that each set

gr— gr—

of cells of the pad 1s alternately 1inflated and deflated.

The 1inflation/deflation cycle may repeat over periods

varying from two minutes to over twenty minutes.

p—
p—

The pressure relief valve, 1s adapted by adjusting the

gr—

tension of spring means 14 so that when the air pressure 1in

gr—

a fully 1nflated set of cells exceeds a predetermined

y—

pressure, valve plate 13 1s opened by the inflation of the

inflatable member 11. Should the angle detection wvalve 19
with the pad be raised to 30 ° causing the pressure in the

angle detection line 15 to 1ncrease, the pressure 1n

inflatable member 21 1s i1ncreased thereby pushing the wvalve

plate 13 shut. The air that was flowing out of the

discharge 1line 15 1s now diverted to the cells to 1nflate

them to a higher pressure. Figure 2 shows clearly how the
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maximum cell pressures are modified using this simple

arrangement.

The pressure controller can be manual using the

g—

pressure relief valve as above or the compressor output 1s

microprocessor controlled, as known 1n the art, the

pressure controller adjusting the pressures 1nflating the
cells 9, 10 1n response to changes 1n pressure 1n the
detection line detected by the pressure transducer 17.

gr—

The angle detection valve can be of any confiliguration

that provides a variable restrictor 1n dependence on the

g—

angular position of the valve with respect to a horizontal

position.

gr—

A preferred embodiment of the angle detection valve 19

1s shown 1n detail 1n Figure 3. The wvalve comprises two

ball bearings 30, 31 1in a housing 29. In the horizontal

position (A) air can flow through the angle detection line

28 and flow out to atmosphere. As the housing 1s tilted to

25 % (B) the Dballs roll down the housing and cover the

inflow, 1nitially preventing air flow, but allowling some

alr to flow out as an equililibrium position 1s reached where

y—

pressure 1n the 1line and the force of the balls 1s

gr—

balanced. The closing force of the balls 1s related to the

g— g—
p—

resolved component of their weilght along the main axis of

the housing. In the horizontal position all the weight 1s
directed downwards 1nto the housing wall rather than
towards the inflow. In the vertical position (C) all the

y—

weight of the ball bearings 1s acting downwards to close

gr—
p—

the 1nflow. For all the angles 1n between, a percentage of

g—

the total weight of the balls 1s acting to close the inflow

g—

in proportion to the angle of the housing.

gr—

The use of small and large ball bearings provides a

good seal due to the small area 1n contact with the housing

with the smaller ball, but still having the closing force

gr—

of the larger ball. The maximum pressure that 1s generated
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gr—

1n the angle detection line 15 1s dependent on the power of

the compressor and the predetermined pressure set at the

pressure controller. Therefore, there may be air flowilng

through the tilt detection when i1in the vertical position,

or the balls may have completely closed the wvalve before

the vertical position has been reached. The weight of the

gr—

balls will alter the ratio of angle pressure to the angle

reached.

gr—

It does not matter on how tortuous the path of the

t1lt detection line 15 1s as 1t 1s only the angle detection

g—

19 valve at the end of the line that controls the pressure.

g—

The length of the line 15 1s also not that critical as the

pressures wilill be the same but would JjJust take a 1little

more time to reach.
An alternative embodiment to the ball valve to detect
angles 1s a needle valve angle detection as shown 1n Figure

g—

5. Instead of ball bearings there 1s provided a needle

valve wedge 33 and a retaining spring 34. The needle valve

1s welghted so that 1t cannot be pushed away from the

inflow by the pressure 1n the line 28, and the spring 1is

set Lo glve the appropriate expansion length to allow the

wedge to obstruct the inflow completely, only, 1n the

vertical position. Similar to the ball wvalve, as the angle

g—

of the angle detection wvalve changes from the horizontal

(D) to wvertical position (F) the resolved weight of the

gr—

needle 33 extends the spring 34 to reduce the size of the

inflow orifice. The smaller orifice means a dJgreater

pressure build up 1n the 1line 28 which 1s proportional to

) .

The angle detection valves can be calibrated to

L]

the angle (!

provide an accurate angle measurement based on the angle

gr—

detection 1line pressure. Figure 4 shows the results of

gr—
p—

angle pressure agalnst angular position of the angle

detection valve.
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Figure 6 plots the rise 1n detection 1line pressures

gr—

and cell pressures with the angular position of the angle

detection valve.

g—

A further embodiment of the present 1nvention 1s shown

in Figure 7. In this Figure 1like reference numerals

represent like features as 1n FIG. 1. It may be desirable

to limit the 1ncrease 1n cell pressures soO that at very

steep angles (>50 °) the pressure is not too high. In this
embodiment, pressure regulator 22 1s 1ntroduced 1nto the
angle detection line 15 between the restrictor 16 and the
angle detection wvalve 19. This regulator 1limits the

maximum pressure 1n the angle detection 1line 15 and

inflatable member 21, and therefore 1limits the maximum cell

pressure 1ncrease, as shown in Figure 8.

In Figure 8 1t can be seen that the angle detection

line pressure rises until it reaches 20 mmHg at 507, after

this the pressure remains constant even though the angular

g—

position of the detection valve 1s 1ncreasing.

gr—

Another embodiment of the present 1nvention 1s shown

1in Figure 9 where 1t may be desirable to only start

inflating the cells once a certaln angle has been achieved

y—

in order to keep the preferable therapy of lower cell

pressures until a profiling angle 1s achieved where

bottoming 1s likely to occur. In this embodiment, a simpler

angle detector 1s used comprising essentilially a bilnary

g—

switch arrangement which will show if the wvalve 1is 1in or

beyond a predetermined angular position or not. The angular

gr—

position detected 1s determined by the orientation of the

angle detection wvalve 1nitially upon 1nstallation. The
angle detection valve cannot determine any angular position

but simply whether the valve 1S in or beyond a

predetermined angular position.

gr—

As shown 1n Figure 9, the valve consists of a housing

40 containing a hollow tube 41 which mounted 1n a “see saw”
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gr—

fashion with the pivot 42 1n the middle of the housing. At

gr—

one end of the hollow tube 41, on the underside, 1s a

sealing pad 43 which seals an aperture 44 1n the housing 41

when the tube 41 1s moved to an angular position from the
horizontal 1n one direction. When the tube 41 1s moved toO
an angular position 1n the other direction, the aperture 44

1s open. A pad 46 at the other end dampens noilise.

Inside the hollow tube 41, a ball bearing 45 provides

additional weight and momentum for the see-saw arrangement.
For example, when the tube 41 1s moved so that the sealing
pad 43 seals the aperture 44, the ball bearing 45 provides
additional weight to ensure a tight seal. When the valve 1s
moved 1nto a predetermined angular position the ball
bearing provides the momentum to ensure that the wvalve
switches state cleanly.

y—

Rubber pads at each end of the see saw tube 41 reduce

the sound of the ball bearing 45 hitting the tube ends.

Figure 10 shows the angle detection valve 40 within an

alternating system as shown 1in Figure 1. In this Figure

like reference numerals represent 1like features as 1n

Figure. 1.

In use, alr 1s supplied from the compressor 2 to cells
9 and 10 and also through a restrictor 16 to detection line

15 to pressure transducer 17 and the angle detection valve

40. The pressure transducer 17 detects the pressure 1in the

detection line 15.
When the angle detection wvalve 40 1s Dbelow the

predetermined angle the see saw tube 41 1s as shown 1in

Figure 9b and the air i1in the angle detection valve 1s free
to pass through the wvalve and out to atmosphere so there 1s

no back pressure 1n the detection 1line 15. As the angle

detection valve 1s tilted bevyvond the predetermined angle,

the see saw tube 41 swings the other way, as shown 1n

Figure 9a. The air flow 1s now restricted 1n the detection
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line 15 <creating a back pressure 1n the cilrcuit. The

pressure detected by the pressure transducer 17 jumps from

below Zmmhg (typically) to over 8mmHg, and provides a

binary signal for the controller.

The pressure controller 2 uses the pressure transducer
17 to detect this change 1n pressure and then acts to
adjust compressor output to the cells 9, 10 accordingly.

y—

The movement of the ball bearing 45 1s not 1n the same

gr—

plane as the movement of the sealing pad 43, thus any small

yp—

movement of the ball bearing will have minimum 1mpact on

g—

the quality of the seal. The controlling software will

“debounce” any remaining glitches 1n the signal.

The system works for pressures between Z2Z2mmHg to 64mmHg
with up to 160Kg O the cells 1n this system
1mplementation.

gr—

The sequence of events 1s shown agaln 1n the pressure

plots 1n Figures 11, 12 and 13. Each plot shows the

p—

sequence at a different target cell pressure. At point A

the angle detection valve see saw tube 41 swings over to

the state where the aperture 44 1s sealed. The pressure 1n

the detection line 15 rises rapidly. After the pressure 1n

the detection 1line 15 has been stable for a while the

target pressure for the cells 1s adjusted accordingly

(point C). At point D the cells 9 and 10 are lowered and

the angle detection valve see saw tube 41 swings away from

the aperture and allows air flow through the wvalve. The

pressure 1n the detection line 15 falls rapidly. After the

pressure 1n the detection line has been stable for a while

gp—

the target pressure of the cells 1s adjusted accordingly

(point F). This achieves a *“gentle transition” 1n system

pressures for the patient on the mattress. The three plots

show that the binary swilitching action 1s achieved across a

gr—

wilide range of pressures an.
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Previous attempts at angle detection wvalves have
resulted 1n devices that have *“dead bands”. These occur
when the device 1s tilted at an angle such that 1t ether
does not regilister a change when 1t should or 1t changes
state too qguickly, bouncing between the two states. The
ball bearing 45 1n the hollow tube 41 eliminates these dead

gr—

bands by forcing the See Saw to move quickly to either of

1ts two states and keeping 1t there.
The pressure controller can also show graphically on a
screen when the cells have been raised almost 1mmediately

g—

after an angular position of the wvalve 1s detected, but the

pressure 1n the cells are adjusted only after thelr angular

position has remained stable for a while.
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1. A pressure controller means sensitive to fluid

A

pressure and adapted to 1ncrease or decrease supply of

alr pressure when sailid pressure exceeds a predetermined

value, characterised 1n that said fluid pressure 1s

exerted by an angle detection valve variable 1n

gr—

proportion to the angular position of the angle detection

valve.

4 . A pressure controller as claimed 1n any one of the
precedlng claims wherein the angle detection valve
comprilises a restrictor varlable 1n dependence on angular

gr—

position of the valve from a horizontal position.

5. A pressure controller as claimed i1in claim 4 wherein
the angle detection valve comprises a ball valve,
including ball bearings 1n a housing arranged to restrict

g—

flow of alr through the housing i1n proportion to the

gr—

angle of the housing as the housing 1s i1nclined from a

horizontal position to a vertical position.

6. A pressure controller as claimed 1n any one of the
preceding claims wherein the angle detection valve
comprilises a bilnary switch showing either a predetermined

g—

angular position of the valve or a horizontal position.

7. A pressure controller as claimed 1n claim 6 wherein

the angular position can be varied.

3 . A pressure controller as claimed i1n claim 6 wherein

the valve comprises a housing having a ball bearing

gr—
h—

mounted on a “see-saw’” arrangement that stops flow of air
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through the housing as the housing 1s i1nclined from a

horizontal position to a predetermined angular position.

y—

9. A pressure pad system comprises 1nflatable sets of

cells, a pump connected by a fluid supply line to supply

fluid to the pad, and a pressure controller as clalmed 1n

g—

any of the preceding claims.

10. A pressure pad system as claimed 1n claim 9 wherein

the angle detection valve 1s located beneath the cells.

11. A pressure pad system as clailmed 1n claims 9 and 10

wherelin the pressure pad comprises an alternating

gr— gr—

pressure pad of alternately 1nflatable sets of cells.
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