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FLULD CONTROL VALVES The present invention relates to fluid control

val ves, especially for use in controlling flurd tlow to ventiTator

or physi ot her apy appar at us. EP- A- 0373153 di scl oses a ventil ator
appar at us f or wesnkdss the ventilation of the lungs of a %}WI ch
appar at us conprises a ventilator enclosure, for receiving the chest
region of a patient's body, connected via a fluid control val ve both to
a positive pressure source and a negative pressure source. The fluid
control valve conprises a main m redat9gkhe ventilator

encl osure, subsidiary ports con ?ﬁgirﬁgpg§rlve one of the
positive and negati ve pressure sources, and a shutter mechani sm which

alternately pernrheé pre@endpplnveation r@flatResitd VElufddcontrdleUahi¥ss,
pressure to the ventil at gxe closure. Wth Hﬂys £1 aérgﬂgfnent t he. use of
separ at e positiveeﬁﬁacﬁ%g i use in controlling fluid £ to ventilator

' or physiotherapy apparatus.

EP-A-0373153 discloses a ventilator apparatus for use in
the ventilation of the lungs of a patient, which apparatus
comprises a ventilator enclosure, for receiving the chest
region of a patient’s body, connected via a fluid control
valve both to a positive pressure source and a negative
pressure source. The fluid control valve comprises a main
port connected to the ventilator enclosure, subsidiary
ports connected to a respective one of the positive and
negative pressure sources, and a shutter mechanism which
alternately permits the 'application of positive and
negative pressure to the ventilator enclosure. With this
arrangement the use of separate positive and negative
pressure sources, such as a pair of gas blowers, is
required. Ideally, for efficiency the use of a single gas
blower is however desired. The'arrangemgnt disclosed in
EP-A~-0373153 does not allow for the use of a single gas
blower having its positive pressure side connected to one
subsidiary port of the f£luid control valve and its negative
pressure side connected to the other subsidiary port of the
fluid control valve since a closed loop would be created
with no vent to the exterior of the valve.

W0-94/27553 discloses a fluid control valve which allows
the positive and negative pressure sides of a single fluid
supply to be connected to a closed system, such as a
ventilator enclosure, so as to permit the generation
alternately of a positive and negative pressure in the
closed system. The fluid control valve comprises a valve
body having £irst and second subsidiary ports for
connection to the ventilator enclosure, and a valve means
which comprises a shutter mechanism for selectively
connecting either the first subsidiary port to the main



pressure sources, such as a pair of gas blowers, is required. ldeally,

for efficiency the use of a single gas bl ower is however desired. The
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to the main means includes a further shutter mechanism which is couples
for synchronous movement with the first-mentioned shutter
mechanism so as to provide a temporary comnnection to the
exterior of the valve from whichever of the first and
second subsidiary ports is blocked off from the main port.
Such an arrangement allows the use of a single fluiz
supply, and by the use of a shutter mechanism which is
capable of progressively closing the path between the main
port and the respective subsidiary port, greater control
over the shape and intensity of the positive and negative
pressure pulses applied to the main port is provided.
E.Iowever, the arrangement cannot provide a supply of
positive and negative fluid pressure at £frequencies
exceeding S-6Hz. The reason for this is that to generate
alternately a positive and negative pressure at the main
port requires the repeated reversal of the direction of
rotation of the shutter mechanism and the frequency of
operation of that control valve is limited to the rate at
which the direction of rotation of the control motor and
hence shutter mechanism can be reversed. Reversal of the
direction of rotation of the control motor requires the
motor to be brought to stop which introduces an unavoidable
minimum time delay.

A fluid control valve has been devised which provides an
alternate positive and negative pressure source at an
outlet, which uses a single £fluid supply and which is
capable of operation at high frequencies. Instead oI
requiring a shutter mechanism which is reversed to provide
alternately a positive and negative pressure source at the
outlet, the present invention employs a rotary valve membex
which is continuously rotated in a single sense.
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2 port whilst bl ocki ng t he connecti on path between the second

subsi di ary port and the main port, or connecting the second subsidrary
port to the main port whilst blocking the path bet ween the first

subsi di ary pogo é¥idedshe main port. In order to permt to a
cl osed system the valve nmeans i ncludes a further shutt%ﬂ%@
whi ch is coupl ed for synchronous novenent with the first-nmentioned

shutter mechani smso as to provide a tengorary connection to the
exterior of the valve from whichever of the first and second subsidiary

portsfls bl oclkedf lcﬁcfr:jtf:ﬁmaﬂutsheoﬁatﬂotpgﬁﬁb .the shSuebrameahmwnlh e@\g nt he
use of a si ngl e u an ani sm
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-which is capab 0ogr essi veI Qg
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the main port is “provic Howe t he arrangenent nnot _provi

suppl y of posﬁqf&i’@c&ﬁé ﬁ@gﬁ??v’élcf“ﬁf &nﬂPésé’aiie Be Plwprmutdet would
exceedi ng 5-6Hz. THte theasafel Oimd [bes connkbeéd tup gdeemalia poxrtal ternately a
positive and negative.pressure at the main port requires the repeated
reversal of the direction of rotation of the shutter mechani smand the
frequency of Apsoxdinglyf thepPressrt dnvearienmravigesca fuidheonsrelat

whi ch the directiqaiek redat tomnadridae Ketileenl A0pesieide fluid pressure
source, a2 negative fluid pressure source and a device to be
connected alternately to said pressure sources, comprising
a body having ports for connection to said fluid pressure
sources and said device, and a rotary member rotatable with
respect to said body and adapted selectively to
interconnect said ports, whereby said rotary member is
operable on rotation in a single sense to connect
alternately said positive fluid pressure source and said
negative fluid pressure source to said device. Preferably,
the fluid control further comprises a port for providing a
vent to atmosphere. With this fluid valve, a supply of
positive and negative pressure at frequencies exceeding
10Hz can be provided. '

In a preferred embodiment said body coniprises a first port
for connection to said device, a second port for connection
to said positive fluid pressure source, a third port for
connection to said negative fluid pressure source and a
fourth port for providing a vent to the exterior of said
body, and said rotary member is disposed within said body,
said rotary membex being adapted on rotation selectively to
connect. said second port to said first port and said third
port to said fourth port whilst blocking off connection
between said second port and said fourth port and said
third port and said first port, and also to connect said
third port to said first port and said second port to said
fourth port whilst blocking off connection between said
second port and said first port and said third port and



hence shutter nechani smcan be reversed. Reversal of the di recti on of

rotation of the control notor requires the notor to be brought to stop
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physiotherapy apparatus for use in the ventilation of the
lungs of a patient, comprising an enclosure for receiving
at least the chest region of the patients’ body, and a
means for altering the pressure in the enclosure to produce
ventilation, said mwmeans comprising a positive fluid
pressure source, a negative fluid pressure source and the
above-described fluid control valve connected between said
sources and said enclosure.

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

Figure 1 illustrates a cross-sectional view aléng the
longitudinal axis of a £luid control valve in accordance
with an embodiment of the present invention, shown coupled
to a control motor and a ventilator enclosure;

Figure 2 illustrates a side view of the valve and control
motor as shown in Figure 1 (the view from the other side
being a mirror image);

Figure 3 illustrates a view along direction X of one end of
the valve and control motor illustrated in Figure 1, shown
coupled to a blower; '

Figure 4 illustrates a view along direction Y of the other
end of the valve and control motor illustrated in Figure 1;

Figure S illustrates a view along direction X of one end of
the rotary valve member of the valve illustrated in Figure
1;

Figure 6 illustrates a view along direction Y of the other



possi bl e since, over a sector of the rotation of the shutter

mechani sos, both of the subsidiary ports which are connected to the

bl ower inlet and the bl ower outlet would at the same trnme be connected
to the main port. Accordingly, the present invention provides a fluid
control VQiowd connection between a positive fluid pr

source, a negativg&??uid pressure source and a device to bePE%Eﬂ%Qﬁﬁgkted
alternately to said pressure sources, conprising a body having ports
for connection to said fluid pressure so8rces and said device, and a
rotary nmenber rotatable with respect to said body and adapted
selectively to end pferbernmisrysaadveonempemicdy She valve ritlasrraeste{ni s
operabl e on rotati9g, k-3 a.sihgl e sense to connect alternately said
positive fluid presSure source and said negative fluid pressure source
to said device. Preferably, the fluid control further conprises a port
for providi gg a Figuees UQaa&nDSD.‘]lcl&’&ater:d&uban b!fuitelevglz.—tgsuaesy@pgé/ of
positive and negatjive. sy e at, frequ A e . cap he

br ov] ded. XS gBER AL ca PR RRR PR DS I g, P10 U8 B
for connection topseEgnteVdtaNti®nsecond port for connection to said
positive fluid pressure source, a third port for connection to said
negative fluid pressure source and a fourth port for providing a vent
to the exterior of s¥*Ve 1 pddy, AGAFLRAKE r 8E4FY FRADATTENS spHBERREIRT hi n

sai d body, comprises a main bhody 3, which is tubular, and a rotary

valve member S5 disposed therewithin.

The main body 3 has a first (main) port 7 for connection to
‘a ventilator enclosure 8, second and third ports 9,11
respectively providing connection paths between the inlet
and outlet of a blower 12 and the interior of the main body
3, and a fourtk port 15 for communication with the exterior
of the valve 1. The main port 7 is connected to the
ventilator enclosure 8 by a first conduit 16 and the second
and third ports 9,11 are connected to the inlet and outlet
of the blower 12 via second and third conduits 17,18. The
first conduit 16 is provided'with a flange 1le6a at its
inwardmost edge so as to provide means for accurately
locating therein the connection tubing to the ventilator
enclosure 8. A motor 21, for example a stepper or servo
motor, is connected to the valve member 5 so as to control
the operation of the wvalve 1. This will be described in
more detail hereinbelow. In use, by operation of the motor
21, the main port 7 of the wvalve 1 is connected in
alternate succession to the inlet and the outlet of the
blowexr 12.

As shown in Figures 3 and 4, the second and third ports
9,11 are located at positions spaced 180° apart on the
circumference of the main body 3. The second and third
ports 2,11 each comprise a rectangular opening having semi-
circular ends. Each opening extends about the
circumference of the main body 3 a distance equal to about
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said second port to said first port and said third
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valve member S.

The valve member 5 is an essentially cylindrical body, the
outer periphery of which is in sealing engagement with the
inner surface of the main body 3. The periphery of the
valve member-5 is not required to be an airtight fit with
the inner surface of the main body 3. It is sufficient
that the seal between the valve member S and the main body
3 be such that any leakage is sufficiently low that the
valve member 5 can operate properly to provide alternately
a positive and negative pressure at the main port 7.

The valve member 5 comprises first and second substantially
semi-circular end wall portions 23,25, the diameters
23a,25a of which are joined by a rectangular connecting
member 27 which is arranged perpendicular to the major
surfaces of the end wall portions 23,25. The mid-point of
the long dimension of the connecting member 27, which long
dimension corresponds to the inner diameter of the main
body 3, includes a part defining an opening 29 for
receiving the distal end of the shaft 31 of the control
motor 21. In this embodiment the valve member S5 is a
moulded article and the opening 29 is formed as an integral
part thereof. The valve member S further comprises first
and second sidewall portions 33,35 which extend from the
ends 27a,27b of the rectangular connecting member 27 about
the respective outer peripheral edges of the respective
endwall portions 23,25 a distance corresponding to one
quadrant of the circle defined by the first and second
endwall portions 23,2S. First and second sidewall
apertures 33’,35' are defined between the free ends 33a,35a
of the first and second sidewall portions 33,35 and the
respective end 27b,27a of the connecting member 27. The
first and second sidewall apertures 33’,35’ open

port to said fourth

second port and



ventilation, said nmeans conprising a positive fluid pressure source, a
negative flujd pressure source and the above-described fluid control

val ve connected between said sources and sal d enclOSure. A
preferred enbodi nent of the present invention will now be descri bed by

way of exanpl ay@9hikess th reference to the acconpanyi ng Laﬂfl%% I N
whi ch: Figure 1 illustrates a cross-sectional view algﬂg e 2647

| ongi tudi nal axis of a fluid control valve in accordance with an

enbodi mrent of the present invention, shown caupl ed to a control notor
and a ventil ator encl osure; Figure 2 illustrates a side view of the
val ve and control respemtivelpstsimsci anéi secand chiambevs ey B riomtthieeval ier

si de being a mj | grage)m : KB gu id | S | | QRQ., .-
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Figure 1, shown <coOXFespred@st §°a Wicoveidth of thpgpestangulast coneschingew
along direction Y qnpeke2ot her - end of the valve and control notor
illustrated in Figure 1;

The control motor 21 is supported-in a housing 22 by four
support webs 22a-d. The outer diameter of the casing of
the motor 21 is smaller than the inner diameter of the
housing 22, and the circumferential space between the:
casing of the motor 21 'and the housing 22 defines the
fourth port 15. Alternatively, the fourth port 15 can be
provided by an opening or openings defined in any part of
the sicdewall of the main body 3 on that side of the valve
member S5 opposed to the main port 7 (i.e. the left-hand

side in Figurs 1).

In use, the valve member 5 of the fluid control wvalve
continuously' rotates in a single sense, in either a
clockwise or anti-clockwise direction when viewed along
direction X in Figure 1. Operation of the valve over one
revolution is as follows.

Starting from the position in which the first and second
sidewall portions 33,35 of the valve membexr S5 respectively
totally encompass and hence close the third and second
subsidiary ports 11,9 of the valve 1, the control motor 21
is operated to rotate the valve member 5 in a clockwise
direction when viewed along direction X as shown in Figure
1. The first and second sidewall portions 33,35 of the
valve member 5 are thus moved such that the first and
second sidewall apertures 33/,35’, which open to the first
. and second chambers A,B of the wvalve member 5, are
respectively progressively opened to the second and third
ports 9,11 of the valve 1. When the valve member 5 has
rotated through a one-quarter turn from its original
starting position, the first and second sidewall apertures
33',35' correspond exactly with the second and third ports



Figure 5 illustrates a view along direction X of one end of the rotary

val ve nenber of the valve illustrated in Figure 1; Figure 6
illustrates a view along direction Y of the other WO 97/ 16663

PCT/ GB96/ 02647 _ 5 end of the rotary
val ve menberwob7idses val ve illustrated in Figure 1; andpcr/GB9s/dzedyur €S
7(a-d) illustrate exanples of the pressure pul se wavefornms which can be
achieved by the fluid valve of the presgnt invention.

9,11 respectively and the second and third ports 9,11 are
respectively fully open to the first and second chambers
A,B in the valve member 5. 1In this position the second
port 9 is in communication with the main port 7, witk
communication betwsen the second port 9 and the fourth port
15 being blocked off by the first endwall portion 23 of the
wvalve member 5, and the third port 11l is in communication
with the fourth port 15, with communication between the
third port 11 and the main port 7 being blocked off by the
second endwall portion 25 of the valve member 5. Thereby,
the outlet of the blower 12 (the positive pressure side)
which is connected to the second port 9 is in communication
with the main port 7 and the inlet of the blower 12 (the
negative pressure side) which is connected to the third
port 11 is vented to the exterior of the valve 1 through
the fourth port 15.

The valve member 5 continues to rotate in the same
direction such that the first and second sidewall portions
33,35 of the valve member 5 progressively close the second
and third ports 9,11 reépectively. When the wvalve member
5 has rotated through a half-turn from its original
starting position, the first and second sidewall portions
33,35 correspond exactly with the second and third ports
9,11 respectively, in which position the second and third
ports 9,11 are fully closed.

The valve member 5 continues to rotate in the same
direction such that the first and second sidewall apertures
337,35’, which open to the first and second chambers A,B of
the valve member 5, respectively progressively open the
third and second ports 11,9 of the valve 1. When the valve
member 5 has rotated through a three-quarter turn from its
original starting position the first and second sidewall
apertures 33‘,35' correspond exactly with the third and
second ports 11,9 respectively and the second and third
ports 9,11 are fully open to the second and first chambers



A valve 1 in accordance with the present I nvention conprises a main
body 3, which is tubular, and a rotary - val ve nenber 5 di sposed

t herewthin. The main body 3 has a first (main) port 7 for connection
to’ a ventilator enclosure 8, second and third ports 9,11

respectively ng connection paths between the inlet GiUdosesy | et of
a bl ower 12 %%‘gbl nterior of the main body 3, and al;‘%rltjrth po?t 15
for conmunication with the exterior of the valve 1. The main port 7
is connected to the ventilator enclosure 8 by a first conduit 16 and

t he second and third ports 9,11 are connected to the inlet and outl et
of the blower 12 via second and third condubts 17,18. The first conduit
16 is provided with a flange 16a at its [

i nwar dnost edge so as to

provide neans fomp %C;&ﬁ' Al Xralve 'rrféﬁx%&:”glt heyel dhld cfs‘l'l'l%ﬁt A tuhipg to

the ventil ator osure 8. for exa epper. or Servo
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the Clrcunferen equQEQEtn%IQO 99X %brtng %ggggdbiggkéglégf by the
flrst endwall portion 23 cof the valve member 5. Thereby,
the inlet of the blower 12 (the negative pressure side)
which is connected to the third port 11 is in communication
with the main port 7 and the outlet of the blower 12 (the
positive pressure side) which is connected to the second
port 9 is vented to the exterior of the wvalve 1 by the
fourth port 15.

The valve member 5 continues to rotate in the same
direction such that the first and second sidewall portions
33,35 of the valve member 5 progressively close the third
and second ports 11,9 respectively. When the valve member
5 has rotated through one full turn from its original
starting position, i.e. has completed one revolution, the
first and second sidewall portions 33,35 correspond exactly
with the third and second ports 11,9 respectively.

In each revolution of the valve member 5 the main port 7,
which is coupled to the ventilator enclosure 8,
communicates once with the positive pressure side and once
with the negative pressure side of the blower 12. Thereby,
as the valve member 5 is continuously rotated a positive
and negative pressure is alternately generated at the main
: port 7. Typically, in the operation of the valve, the time
taken for the valve member 5 to rotate from the starting
position to the one-quarter turn position (the positive



ports 9,11 each conprise a rectangul ar openi ng having sem - circul ar

ends. Each opening extends about t he . circunference of the
mai n bedy 3 a distance equal to about WO 97/ 16663
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entire circuwboyrsses of the main body 3. The wi dt h of pbfepogeesd and
third ports 9,11 corresponds substantially but is no greater than,

t he hei ght of the val ve nenber 5. The val ve nenber 5 is an
essentially cylindrical body, the outer periphery of which is in
seal i ng engagenent with the I nner surface of the main body 3. The
peri phery of the val ve nenber 5 is notlrequired to be an airtight fit
wth the inper surface of the main body 3. It is sufficient t hat

the seal betweenPrRESVES Y R@thBRYSPRREY Ko keionhiodplf thag dfe thechindat
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roperly to provide alternatel L
prop y P to € ee-quartgr turn position (the negative pressure

cycle), in which case the duty cycle would be 1:2.

The duty cycle of the fluid valve, which is the time that
the main port 7 1is connected to the positive pressure
source in relation to the time that the main port 7 is
connected to the negative pressure source, corresponds to
the Inspiration/Expiration (I/E} ratio. In use, the duty
cycle employed may be between 10:1 and 1:10. A duty éycle
of 10:1 is typically used in physiotherapy, where such an
I/E ratio imitates the coughing action. A duty cycle of
1:3 is typically used in ventilating the lungs of a person
suffering from asthma, where a slow and controlled
expiration is required.

The £luid control valve of the present invention also
permits the shape of the waveform of the pressure pulses
applied to the main port 7 to be altered. The shape is a
function of the speed of rotation of the valve member S
during the phases of the rotation of the valve member 5
corresponding to the positive and negative pressure cycles,
and the pressure developed by the blower 12. Examples of
the shapes of the pressure pulse waveforms which can be
achieved by the fluid wvalve of the present invention are
sinusoidal, saw-tooth, trapezoidal and square/rectangular.
Figure 7(a) illustrates a sinusoidal waveform, which
waveform can be achieved by operation of the fluid valve at
a duty cycle of 1:1, with the valve member 5 operated at a
fixed continuous speed. Figure 7(b) illustrates a saw-
tooth waveform, which waveform can be achieved by operation
of the fluid wvalve at a 1:1 duty cycle, with the speed of



a positive and negative pressure at the main port 7. The val ve
menber 5 conprises first and second substantially sem -circular end
walT_portrons 23, 25, (he dianeters 23a, 25a of which are joined by a
rectangul ar connecting menber 27 which is arranged perpendicular to

t he maj or es of the end wall portions 23,25. Thepdy Bﬂﬁhﬂh of
the I ong di men ?g% of the connecting nenber 27, which |ong pERig | mensi on
corresponds to the inner dianmeter of the main body 3, includes a part
defining an opening 29 for receiving the distal end of the shaft 31 of
t he control not or 21. In this enbodi nent the valve nenber 5 is a
moul ded article and the opening 29 is fornedgjas an integral part

t hereof . The val ve nenber 5 further conprises first and second

si dewal | portions r38a8fonhioth ttvet edver aenbee 5 duminds ha, padivfvd hgng

rect angul ar conne%%igggigg%ssﬁgﬁgw es Pféﬁéh’g%ifg@'q’%ﬁﬁﬂ I\S{?%IQ%% wgghi gg\eeral

edges of the respéctive enad\ por nce
corresponding to smpeed of gyagrbien oPLt hehe| valweddaigmbey by thesweenst tizend

second endwallysi BOYé | &I neddt PPe cydllesSheind it 98GR Thun idewalbr to
apertures 33',35" are.defingd ? t ween %%E frge %gscig%NSSa nof t he
first and second § &%?‘T’epg'f'? gng"%@%, (a1} tﬁg’ POSIEAYEe AN cPEFREL Ve
27b, 27a of the commesnsiniomenber FigureThg(c) illustiratesd asetuvapezsidmnal |
apertures 33", 35,3v8P8Pm, which waveform can be achieved by operation of
the fluid valve at a duty cycle of 1:1, with the speed of
rotation of the valve member 5 being controlled such that
during the initial phase of the opening of the valve member
5 in the positive and negative pressure cycles the speed of
rotation of the valve member 5 is kept high and thereafter
during the latter phase of the positive and negative
pressure cycles the speed of rotation of the valve member
5 is slowed in order to provide a period of constant
pressure at the main port 7. Figure 7{(d) illustrates a
square waveform, which waveform can be achieved by
operation of the fluid valve in the manner described above
for achieving a trapezoidal waveform, except that the
blower 12 is configured to develop a higher pressure than
is actually required, that is an over-pressure, whereby the
over-pressure provides for an instantaneous

increase/decrease in pressure to the desired
maximum/minimum level in order to provide for the sharp
transition edges of the square pulses. It will of course
be understood by a person skilled in the art that the
above-described waveforms could be achieved by duty cycles
other than 1:1 by selectively controlling the pressure
developed by the blower 12.

The fluid valve of the present invention can further be
used to provide an oscillating pressure pulse waveform in
an entirely positive or negative pressure regime. This can
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7 respectively to first and second chanbers A B in the valve

menber - 5. The hei ght of the sidewall portions 33,35 corresponds to
tire width of the rectangul ar connecting menber 27. The contr ol
notor 21 is wompAaédesd i n a housing 22 by four support welsndgoessr The
outer dianeter of the casing of . the notor 21 is snmaller than the inner
di aneter of the housi ng 22, and the circunferential space between the
casing of the notor 21 and the housing 22 defines the fourth port 15.
Alternatively, the fourth port 15 can be provi ded by an opening or
openi ngs defined in any part of the sidewall of the main body 3 on that
side of the valve menber 5 opposed to the nmain port 7 (i.e. the

| ef t - hand si Be iarhdieygde by) .connecting we <heavilveheenpesitivé bhe

fluid control vahugativeCpPblEWWISidurcd HESLhd Fertl NS rSaRSEratfls Cihher 2
operating the fluid valve as described above to produce the
various waveforms. Alternatively, this can be achieved by
alteration of the duty cycle. If the ventilator apparatus
is to be operated entirely in a positive pressure regime
the ratio of the time in which the positive pressure source
is connected to the main port 7 in relation to the time in
which the negative pressure source is connected to the main
port 7 would be increased, and vice versa for operation
entirely in a negative pressure regime.

The fluid valve of the present invention yet further
provides for operation in either a continuous positive or
negative pressure mode. This is achieved by positioning
the valve member 5 in the above-described one-~quarter or
three-quarter turn position whereby the main port 7
communicates with the respective one of the inlet of outlet
of the gas blower 12. Moreover, if necessary, the £1luid
valve can be operated in an oscillating mode, wherein the
direction of the valve member 5 is continually reversed to
provide connection to the positive and negative pressure
sources in the manner of the known prior art.

It will be understood that the valve of the present
invention can find application not only in providing an
alternate positive and negative pressure source to a
ventilator apparatus, but can be employed in many other
applications, such as in a resuscitation or physiotherapy
apparatus where an alternate positive and negative pressure
source is required, or in the transport of sheet materials
where sheets are repeatedly removed from a stack using a
vacuum.



cl ockwi se or anti-cl ockvw—S?rdr-lLeet—l-en-Men_m ewed al ong direction X in

Figure 1. Qperation of th one revolution is as foll ows.
St arti ng fromt he positio " m i mg st and second st dewal |
portions 33,35 of the valve tlvely totally enconpass and

hence cl ose t%g-;hm;g and second : sub5| diary ports 11, 9 ¢ n%’égi’g"%??l"’;e 1,

the control notor 21 is operated to rotate the valve ne
cl ockw se di recti on when vi ewed al ong dégect ion X as shown in Figure
1. The first and second sidewal | portions 33,735 of the val ve nenber 5

are thus noved Sug Qei the first and second sidewal | apertures -
33,35, which op the first and second chanbers A B of the valve
menber 5, are respectively progressively opened to the second and third

ports 9,11 of thejval vg ]a‘:'lu\ﬁﬁencén‘i'&d’lal aiwenbesr 5 ébiﬁlectloﬁo'[ﬁétfeﬁe r{] qugh
a one-quarter turn fromit rting position rst and

second si dewal | aBRFHTIEs ﬁu*%gm\%%u’%o%"r%ﬁon& é‘?géf'wevxﬂ'fw’-q RFASSIERd.

and third ports source aMd 9%/ 46653 to be connected alternately to said
PCT/ GB96/ 02647 pressure sources, comprising a body having ports for
connection to said fluid pressure sources and said device,
and a rotary member rotatable with respect to said body and
adaptad selectively to interconnect said ports, whereby
said rotary member is operable on rotation in a single
sense to connect alternately said positive fluid pressure
source and said negative fluid pressure socurce to said

device.

2. A £fluid control valve as defined in claim 1, wherein
over one revolution of the rotary member said positive
flﬁid pressure source and said negative f£luid pressure
source are alternately connected to said port for
connection to said device.

3. A fluid control valve as defined in claim 1 or 2,
further comprising means for -contreolling the speed of
rotation of the rotary member so as to alter the shape,
duration and/or frequency of the positive and negative
pressure pulses.

4. A fluid control valve as defined in any one of claims
1 to 3, further comprising a port for providing a vent to
atmosphere.

5. A fluid control valve as defined in any one of claims
1 to 3, wherein said body comprises a first port for
connection to said device, a second port for comnection to
said positive £fluid pressure source, a third port for
connection to said negative fluid pressure source and a
fourth port for providing a vent to the exterior of said
body, a& said rotary member is disposed within said body,

L




8 - 9,11 respectively—=and—the second and third ports 9, 11 are

respectively fully open second chanbers A Bin the
val ve nenber 5. In thi s]ﬂmrmlﬂ)‘“ ma ond port 9 is in comunication
wi'th the main port 7, ¢ commumi cati on between the second port 9 and
the fourth pewo97/16663 15 bei ng bl ocked off by the first endwsétcRogdzsén 23 of
t he val ve nenber 5, and the third port 11 is in comunication wth
the fourth port 15, w th comuni cation betﬁen t he third port 11 and

the main port 7 being bl ocked off by the second endwal I portion 25 of

t he val ve _ms\rrbersa]_Cl 'pgg&g?ymeme, E:QE eed oh dégtq\g%r séfe&f\?efosc' five

pressure side) connecte t e secon
communi cation congeady tsﬁédnﬁﬁwfrﬁ)rﬁorf- &ﬁdsﬁh@ £ imsst P@Fttﬂ’édbﬂi%rtmd(t he

negative pressuig.si dey wi&hfbﬁrapnp@sﬁ edhipsﬂ hﬂd&mrr@,- off p&s:tne?euo%
ventedtotheeterlor ourth port

of the Va‘?’ﬁf ‘% Tt
The val ve nenberPs: a?%rq na? esgh?‘re"ou }al PREE, Bﬁdsﬁt,al’rqt hat
the first and sedoinm sgoi&/valnld saidi fazst poBS8, 3Fdfakdwe tmlcenemtheaid

progressively clqsgd g,%ﬁgeea@am 1344 bBEEdarRPrsta?.dgsléoﬁ& | 2eplags gVhen

t he val ve nenber s rqtated thr Adalf-turn fromits ori |naI
starting positi dieuithe B5tstWhid® é&ﬁfg‘ d& |SFBECESAR etw33n3§a1a
correspond exactddaeccHd pdrite aael aadldarfirshi (pbrpoahd said9thirdeppeet avdl v,

in which positi osnalémfoﬁgcgngo@pd third

6. A fluid control valve as defined in claim 5, wherein
said rotary member is a substantially cylindrical body, the
outer periphery of which is in sealing engagement with the
inner surface of the main body, and said rotary member
comprises fixst and second spaced apart endwall portions
which are coupled by a connecting member and first and
second sidewall portions which extend from the opposed ends
of the connecting member part way about the outei
peripheral edges of the respective endwall portions thereby
defining first and second sidewall apertures between the
free ends of the first and secorid sidewall porﬁicns and the
respective other ends of the connecting member, whereby
when the first and second sidewall apertures open to the
second and third ports respectively the second port is in
communication with the first port, the third port is in
communication with the fourth port and communication
between the second port and the fourth port and the third
port and the first port is blocked off by the first and
second endwall portions respectively, and when the first
and second sidewall apertures open to the third and second
ports respectively the second port is in communication with
the fourth port, the third port is in communication with
the first port and communication between the second port
and the main port and the third port and the fourth port is
blocked off by the second and first endwall portions
respectively.
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ports 9,11 are fully cl osed. The valve nenber 5 continues to rotate

in_the sane direction mmwll st and second sidewal | apertures
33',35", which open to the ' mml IHI chanbers A B of the valve
menber 5, respectively progtesSivel y open*t he third and second ports
11,9 of the Vlofindsss Vhen the valve menber 5 has rotated thr h a

three quarter turn fromits original starting position
second si dewal | apertures 33" , 35 corrﬁﬁgond exactly with the third
and second ports 11,9 respectively and t second and third ports

9,11 are fully open to t second and fitst cha WO 97/ 16663
PCT/ CB96/- 02647 67 r]ﬁmﬁ controg va'ive as @eefrn@ed in Ry oforegoing ve

menber 5. In th|slpamhtIurthdrecsmprmshng a stepper or servo motor, wherein
said motor is coupled to said rotary member and provides
- for rotation of the rotary member.

- 8. A fluid control valve substantially as hereinbefore
described with reference to the accompanying drawings.

9. A fluid control valve as defined in any one of claims
1 to 7, in combination with a blowexr whose ocutlet provides
the positive fluid pressure source and whose inlet provides
the negative fluid pressure source.

10. A ventilator apparatus for use in the ventilation of
the lungs of a patient, comprising an enclosure for
receiving at least the chest region of the patients’ body,
and a means for altering the pressure in the enclosure to
produce ventilation, said means comprising a positive fluid
pfessure source, a negative £luid pressure source and a
fluid control valve as defined in any one of claims 1 to 7
connected between said soufces and said enclosure.

11. A physiotherapy apparatus for use in the wventilation
of the lungs of a patient, comprising an enclosure for
' receiving at least the chest region of the patients’ body,
and a means for altering the pressure in the enclosure to
produce ventilation, said means comprising a positive f£luid
pressure source, a negative fluid pressure source and a
fluid control valve as defined in any one of claims 1 to 7
connected between said sources and said enclosure.
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port 9 is in comunication with the fourth port 15, wth conmmuni cati on
bet ween the second port 9 and the nain:port: 7 _being blocked off by the -

second endwal I_poritron 25 of the val ve nenber 5, and the third port 11
is in comunication with the main port 7, with comrunication between
the third [%W%l and the fourth port 15 being bl ocked ppgfc

first endmal“mﬁgﬂ n 23 of the valve nenber 5. Thereby, the inlet of
the bl ower 12 (the negative pressure side) which is connected to the
third port 11 is in conmunication i the main port 7 and the outl et
of the blower 12 (the: positive pree?aze side) which is connected to the
second. port 9 is vented to the exterior of the valve 1 by the

fourth port 15. The val ve nenber 5 continues to rotate in the sane

direction suc at—the—ftr st—are—secomd—stdewatt -por-t+ens—- 135 of the
val ve nmenber progressively close the third and second ports 31,9
respectively. [\Wen the val ve nenber 5 has rotated through one{fiull turn
fromits origipal starting position, i.e. has conpl eted one r@gyol ution,
t he first ;and second sidewal | portions 33,35 correspond exact Iy

with the thirdiand second ports 11,9 respectively. In each rgyjol ution
of the valve ienber 5 the main port 7, which is coupled to]:the
ventilator en¢losure 8, comuni catgp once with the positive |Jressure
si de and once. wi th the negative prespure side of the blower 12.

Ther eby, $ the valve nenber 5 is cogtinuously rotated a positfijve

and negative rated at the main

essure is aItéPhater gen
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port 7. Typically, in the operation of the valve, the tine taken for
the valve nenber 5 to rotate fromthe starting ~position to the

oné-quarter turn position (the positive WO 97/ 16663
PCT/ GB96/ 02647 _ 10 pressure cycle)
may be set t : hal f that of the tinme taken for t genber
5torotate Sygﬁvﬁﬁéyhalf-turn to three-quarter turn po@??#on t he
‘negative pressure cycle), in which case the duty cycle would be 1:2.
"The duty cycle of the fluid valve, which is the tinme that the main port
7 is connected to the positive pressureozg ééﬁurce in relation to the tine
that the main port 7 is ~ connected t egative pressure source,
corresponds to t he Inspiration/Expierc<3n (11E) rgtio. In use, the
duty _ /[ '
he B e ’
— 35 N —
37\&-:.g —_— 27b
.3 |
1 18 ey —
22 16
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cycle enpl oyed may be between 10:1 and 1:10. A duty cycle of 10:1 is
typically used in physiotherapy, where such an |/E ratio imtates the

coughrng actron. A duty cycle of 1:3 is typically used in ventilating
thre lungs of a person suffering fromasthm, where a slow and
controlled jration is required. The fluid cont pdyomkasspf the
pr esent invemqg?ﬁe SO permts the shape of the vvavefor%r{)f t he ?
pressure pul ses applied to the main port 7 to be altered. The shape is
a function of the speed of rotati t he val ve nenber 5 during

t he phases of the rotation of the valv /ngber 5 corresponding to the
positive and negative pressure cycles, and the pressure devel oped by

t he bl ower 12. Exanpl es of t he shapes qf the pressure pul se wavef or ns
whi ch can be achieved by the fl g5d val the present invention are
si nusoi dal, sawtooth, trapezoi d& seerdl e/ jegigangul ar . Figure 7(a)

¥ m can be achi eved by

illustrates a sinusoi dal wavggor m
:1, with the valve

operation of the fluid valve ap

ey of 4
0

menber 5 operated at a I guite 7(b) illustrates
a saw t oot h wavef g u\\ ' $ by operation
of the fluid val ve atZg \ speeT k18

22d —

9.—"
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11 rotation of the valve nenber 5 during the positive and

negat 1 Ve pressure cycles being relatively high and with the speed of
rofation of the valve nenber 5 between the positive and negative

cycl es bei ng‘%ml[%xi mumin order to elimnate dwel | gdpepdigbgen the
positive and negative transitions. Figure 7(c) illustrates a

t rapezoi dal wavef orm whi ch wavef orm can be achi eved by operation of
the fluid valve at a duty cycle of 1:1, s t he speed of rotation of
t he val ve nenber 5 being controlled suc4a9’ t during the initial phase
of the opening of the valve nenber in the positive and negative
pressure cycles t speed of rotation of the valve nenber 5 is kept

duging the latter phage of the positive and

hi gh and thereaft dfVe
yot alN on of the val ve nenber
const\ant pressure at the

negative pressurej cycl e\the speed of
5ig slowed in dier tp/proviag a period o
mai n port 7. Figure 7Wd) illusyrates a wavef orm which

wavef orm can be Zchi evlgd by opeT AT gt qrovary WME rwenner
descri bed above g flor achi evi N gbezoi dal wa except that the
bl ower 12 is coﬁfigur:d to devel ON gher pressure

(~ve) Fig.7(a)

{+ve)] /\
% —TIME
S N\ Fig
(+ve)
% _ ' TIME
i \_/ | \_/ Fig.7(c)
(+ve)
% TIME
&
(~ve) Fig.7(d)
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is actually required,_that is"aﬁ“overlpressure wher eby t he
mmﬁ T e e

maxi in order *{ O PROVM transition
edge puI ses. It wi I | of course '_ be uhder 3 PQCTHLIH
pers he art that the 1a@bove-descri bed fayeforns coul d be
achi eved by duty cycles other than 1:1 by selectivelly mtrolling the
pressure devel oped by the bl ower 12. The fluild val ve_of the
present iQouEDMg§eon can further be used to provide an oscillating
pressure pul se waveformin an entirely positive or negative pressure

reginme. This can WO 97/ 16663
PCT/ GB96/ D2647The combination of a fluid control value and a blower having

an inlet and an outlet, said valve being connected between the

blower ‘outlet and the blower inlet, comprising a body and a
rotary member, said body having ports for connection to said
blower outlet, blower inlet and a device to be connected
alternately to said blower outlet or said blower inlet device,
and a fourth port for providing a vent to atmosphere and said
rotary member being rotatable about an axis with respect to said
body and;adapted to selectively connect said ports, wherein said
axis extends from the fourth port whereby said rotary member is
operable on rotation in a single sense to connect alternately
said blower outlet to said device, and said blower inlet to said
device, and respectively said blower inlet to said fourth poft,
and said blower outlet to said fourth port.

2. The combination as claimed in claim 1, wherein over one
revolution of the rotary member, said blower outlet and said
blower inlet are alternately connected to said port for
connection to said device. ' |

3. The combination as claimed in c¢laim 1 or 2, further
comprising means for controlling the speed of rotation of the
rotary member so as to alter the shape, duration and/or frequency
of positive and negative pressure pulses provided to said device
by said wvalve.

4. The combination as claimed in any one of claims 1 to 3,
wherein the ports of said body comprise a first port for
connection to said device, a second port for connection to said
blower outlet, a third port for connection to said blower inlet
and said fourth port, and said rotary member is disposed within
‘said body, said rotary member being adapted on rotation to
selectively connect said second port to said first port and said
third port to said fourth port whilst blocking off connection

EET HAS BEEN
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be achi eved by connecting one of a furthéf_bogifive or QEACHRENT SHEET
pressure source to the ventTl at or immmm""ﬂum oper at i ng '
val ve as daiGhdeD®d BRSSP -Pr oduc uuu wavef ojng.

Al ternative ;
the ventil g "
pressure re atio of the ti I n which the posi

vige
iﬂ me achi eved by"- ' dltération of tHe {dudy Q‘}EI@’ | 1
source is connected to the main port 7 inrelation to t

Is to be Oﬁgrated entirely inlalpositjye
ive pressure
which th RY e [ e, SoULCe. IS n a.th 0. Lt 7.
woul d beekla%g‘rg%é%ed? P&ans}séjﬁ%%%\?gtsgnfi O?ngﬂaﬁ%%%\tpo}t %n@iﬁ’gﬁg F%Pgd r%%%rt I ve
pressure argiseid first Thert) wnd \edisce tof cohpeptesshtd thiedtpont yee dand her
provi des {0s0PERaL] OBl AlddIHo A GHUIAUREG PERL VB co ARUAE 4G
pressure node. 'S I's ac |evedaby positionin the val ve nenber n
t he abovepeet @ndanisheegeme pprsrto saidy Pogt vhihsposleslhngindifeby

the main EHhedtion KOFfRIEh Cod £5 Idddhd BRrteapackhyq Eﬂﬁsef%éP€ ark &fa i
out | et of the gas blower 12. Mreover, if necessary, the fluid
val ve cantBErépeeht edndnsakdoferFat PAEE node, wherein the direction of

the valve nmenber 5 is continually reversed to provi de connection to the

pos 1 ve 800 MRt USSR e chambed oty AATE TSl R
[ nvent i omexsivef | ilsl_apsp.hbs;mmt)ilahby oyl indniqgabwaliyng Ee outert tpmighery
positive c?f'lctv}gfgk‘fi‘tié/eix?rgégﬂr?g S%a?ferﬁé’n@ with the inner surface of the

valve body, and said rotary member comprises first and second

spaced apart endwall portions which are coupled by a conhecting
member and first and second sidewall portions which extend from
the opposed ends of the connecting member part way about the
outer peripheral edges of the respective endwall portions thereby
defining first and second sidewall apertures between the free
ends of the first and second sidewall portions and the respective
other ends of the connecting member, whereby when the first and
second sidewall apertufes open to the second and third ports
respectively the second port is in communication with the first
port, the third port is in communication with the fourth port and
communication between the second port and the fourth port and the
third port and the first port is blocked off by the first and
second endwall portions respectively, and when the first and
second sidewall apertures open to the third and second ports
respectively the second port is in communication with the fourth
port, the third port is in communication with the first port and
communication between the second port and the main port and the
third port and the fourth port is blocked off by the second and
first endwall portions respectively.

6. The combination as claimed'in'any foregoing claim, further
comprising a stepper or servo motor, wherein said motor is.
coupled to said rotary member and provides for rotation of the
rotary member.

7. The combination substantially as hereinbefore described
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ventil at or e enployed in many ot he B_ﬂr@ Emaéﬂ&@s

ZF?ZFﬁZt'e”pis.es =i S °re¢2h%?4mﬂﬁﬂﬂﬂilllwﬂlﬂmf < lrdaui red_or il ke

t
transport of s + whére®sheet® are *repe tedl&‘lr@@tﬁiﬂfro a
stack using a : 15 13 CLAI VE:
1. The conblnatlon of a f|UId control valve and a bl ower —having an Inle
and an outlet, said valve being connected between the bl ower outlet and_tlhe
bl ower inlatn AN LOMPLIT Sh n%.l% Q@é’é(mﬁé}gy Q%%Wi ber, said body having
ports for onnectlon to sai | ower “out ower“inlet, a.device to be
connected alternately to said bl ower outlet or said blower inlet and a

fourth pagt fol pepvidhPgraap a&-ai:ﬁsatf@sﬁﬂ% eJ;nV\E'Réeirénﬁaﬂ.dtliehab)f eEber
is rotatabl e about an axjs w resgect to said _bod ggada

sel ect i vet4yPFHnAECA s%ﬂ"d’-‘?fbtr't SCOPREF 81T s APd SBG P Tt Fgﬁelvmg at

least the chest region of the patient’s body, and a means for

altering the pressure in the enclosure to produce ventilation,
said means comprising the combination of a fluid control valve
and blower as claimed in any one of claims 1 to 6 wherein said
device to be connected alternately to said blower outlet and said

blower inlet comprises said enclosure.

9. A physiotherapy apparatus for use in the ventilation of the
lungs of a patient, comprising an enclosure for receiving at
least the chest region of the patient’s body, and a means for
altering the pressure in the enclosure to produce ventilation,
said means comprising the combination of a fluid control valve
and blower as claimed in any one of claims 1 to 6 wherein said
device to be connected alternately to said blower outlet and said

blower inlet comprises said enclosure.
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\
the fourth port whereby said rotary nmenber is ogera LSHE
singl e sense to connect in sequence said bl ower :E/‘ﬂgtf’l,}ﬂbh‘%iﬁg § E deve ce

port and said blower inlet port to said fourth SSHPY B\ PSS

sai d bl ower inl et “ fol l owed by SBA% 1556%’?% I
i nl et port to sai Jlﬂ mm“nu mmm sai d. bl ower  guidll @Fa‘mﬁ( t PA%6R o 1 Hagadn---
port. . 2. he cortbi fiattor® as clkai med i n cl ai mf1} Absragt n opagedendo paged....
revol utlon of the rotary nenber, said blbher outfl et and said bl ower mlsi

are al ter natzeims connected to sai d port for conngct DATE OFsRECEmM\.L.CE

The conbination as clainmed in claiml or 2, further conprising neans ftor
controlling the speed of rotation of the rotary menber so as to alter the
shape, durkti orTldiambimaddeency afflpuigl consraddvabgatand apbéswerchauisgs

provi ded téhsfﬁﬂetgeé(h&eaﬂoéﬁtpé!t SaéQlc‘i Y fye bélng TSN L OEDL DabE QR @S the

claimed in any one of claipns wherein the ports, of said body
conpri se aP}evex %%3%§%|H‘%é¥ﬂ1%r dteta 8BgoRAMBELEiAg §ap‘adlfl Bnera
outl et poritot&ry hmédbéﬁrt s&idsaidﬂywaﬁng Npett POoFbramdniict ilbaurdid paid,

and said ro%argrQ§1 I%l BO%%P mnthlevigld bqubaggegtegﬁg ?r?gggiyd

bei ng adaplf> oh Torati'on 6 se \/eﬁy connec Secon
first porttanspbdiklawer dusdet: p@r salld bhoweh ket wnd st fblu@;@ﬂm pgrbf for

connecti ONproviding a vent to atmosphere, wherein said rotary member is
rotatable about an axis with respect to said body and adapted
to selectively connect said ports, wherein said axis extends from
the fourth port whereby said rotary member is operable on
rotation in a éingle sense to connect in sequence said blower
outlet port to said device port and said blower inlet port to
said fourth port, followed by closing said blower inlet and
outlet ports, followed by connecting said blower inlet port to
said device port and said blower outlet port to said fourth port.

2. The combination as claimed in c¢laim 1, wherein over one
revolution of the rotary member, said blower outlet and said
blower inlet are alternately connected to said port for
connection to said device.

3. The combination as claimed in claim 1 or 2; further
comprising means for controlling the speed of rotation of the
rotary member so as to alter the shape, duration and/or frequency
of positive and negative pressure pulses provided to said device
port by said valve.

4. The combination as claimed in any one of claims 1 to 3,
wherein the ports of said body comprise a first port as said
device port, a second port as said blower outlet port, a third
port as said blower inlet port and said fourth port, and said
rotary member is disposed within said body, said rotary member
being adapted on rotation to selectively connect said second port
to said first port and said third port to said fourth port whilst
blocking off connection :
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14 bet ween said second port and said fourth port and said third port and
said first port, and also to connect said third port to said first port,

and sai d seeend—port—to-saidfourth port whilst blocking off connection
en sal second Eort and said first port and said third port and said

bet we
fourth port !Ill I Inﬁ H“Inatlon as claimed in claim4, wherein said
rotary nmenb

ally cylindrical body, the outer periphery of
which is in sealing engagenent with the iLaner surface of the val ve body,
and said rotary nenber conprises first and second spaced apart endwal |
portions which are coupled by a connecting menber and first and second

si dewal | pbetvees saidis l‘&%ﬂoﬂfﬁoﬂﬁ@rﬂﬁ Fevaghepast gind waichhhdad pgre

menber par hn¥eya QO r4th Gt earkekilzbets! 6ﬂﬁ€ét(ﬁalfd1(thr1&8p9€>§dtV€oeBQm| I

rtion r finin
P?e; ons t?grggyﬁ%%t ! éhfggié %g%d% (§3¥§'9§“§£§d %%h% p§¥%me 115@e

blocking off connection between said second port and said first
port and said third port and said fourth port.
N

5. The combination as claimed in claim 4, wherein said rotary
member is a substantially cylindrical body, the outer periphery
of which is in sealing engagement with the inner surface of the
‘valve body, and said rotary member comprises first and second
spaced apart endwall portions which are coupled by a connecting
member and first and second sidewall portions which extend from
the opposed ends of the connecting member part way about the
outer peripheral edges of the respective endwall portions thereby
defining first and second sidewall apertures between the free
ends of the first and second sidewall portions and the respective
other ends of the-connécting member, whereby when the first and
second sidewall apertures open to the second and third ports
respectively the second port is in communication with the first
port, the third port is in communication with the fourth port and
communication between the second port and the fourth port and the
third port and the first port is blocked off by the first and
second endwall portions respectively, and when the first and
second sidewall apertures open to the third and second ports
respectively the second port is in communication with the fourth
.port, the third port is in communication with the first port and
communication between the second port and the main port and the
third port and the fourth port is blocked off by the second and
first endwall portions respectively.

6. The combination as claimed in any foregoing claim, further
comprising a stepper or servo motor, wherein said motor is

coupled to said rotary member and provides for rotation of the
rotary member. '
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ends of the first and second sidewal| portions and the respective ot her
ends of the connecting nenber, whereby when the first and second si dewal |
apertures o d third ports respectively the second port
is in communication with the first port, the third port is in communication
with the four ulﬂﬁmll ““Hﬂ"Mm cation between the second port and the
fourth port a and the first port is blocked off by the
first and second endMaII portions respeciPvely, and when the first and
second sidewal | apertures open to the third and second ports respectively

t he second port is in communication with the fourth port, the third port is
in comunication with the first. port and comuni cati on between the second
port and the main port and the third port and the fourth port is blocked
of f by the gecond and shididr e 0 l&évgéﬂtllaélon-rgf the

conblnatlon ‘as clained in any “Tor egol.ng c a|n1 nprising a stepper
or servo nolEEs Wﬁ%r%|Ha§&FH nnFﬁWWFéséBGmﬂ&jQQ?%Q%%?%cﬁ%ﬁyrﬁﬁﬁbﬁ%nanét

provi des f Qeals®t alHeOrcst thegicH 6§ tREDFsatient’s body, and a means for
altering the pressure in the enclosure to produce ventilation,

said means comprising the combination of a fluid control valve
and blower as claimed in any one of claims 1 to 6 wherein said
device to be connected alternately to said blower outlet and said
blower inlet comprises said enclosure.

8. A physiotherapy apparatus for use in the ventilation of the
lungs of a patient, comprising an enclosure for receiving at
least the chest region of the patient’s body, and a means for
altering the pressure in the enclosure to produce ventilation,
said means comprising the combination of a fluid control wvalve
and blower as claimed in any one of claims 1 to 6 wherein said
device to be connected alternately to said blower outlet and said
blower inlet comprises said enclosure.
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7. A ventilator apparatus for use in the ventilation of the |ungs

of ‘a_patient, conprising an eMA%suo€' oA &raesAA ndzat | east the chest
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of the patient's body, and a neans for altering the pressure in the
re to produce ventilation, said nmeans conprising the coghination of
control valve and blower as clainmed in any one of cl ZBEsN to 6
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(57) Abstract

A fluid control valve (1) for connection between a positive fluid pressure source, a negative fluid pressure source and a device to be
connected altemately to said pressure sources, comprising a body (3) having ports (7, 9, 11) for connection to said fluid pressure sources
and said device, and a rotary member (5) rotatable with respect to said body (3) and adapted selectively to interconnect said ports (7, 9,
11), whereby said rotary member (5) is operable on rotation in a single sense to connect alternately said positive fluid pressure source and
said negative fiuid pressure source to said device. )




