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VALVE AND : OSCl LLATOR FOR PRODUCI NG A PRESSURE WWAVEFORM

The present whygpbson relates to a valve for control | i ng oESr/EbRW139
ventil ator or physi ot herapy appar at us. ' Exanpl es of known val ves
for use in ventilation apparatus are di scussed herei nbel ow.

EP- A- 0373153 di scl oses a ventil ator apparatus for use in the ventilation

of the lungs of a patient, which apparatus conprises a ventil ator
encl osure for receiving the chest region of a patient's body connected
via a fluid control valve both to a positive fluid pressure source and
a negative fluid pressure source. The valve conprises a mai n port
connected to the ventilator enclosure, subsidiary ports connected to a

respective one of the positive and n % ressure sources, and a
shutter nmechani sm which alternately he application of positive

and negati ve pressWSCILLATOR \FOR | BRODUCING (20 RRESSURN WAVEFORM
arrangenent, the use of separate positive and negative pressure sources,

such as a pair of gas blowers, is
The present invention relates to a valve for

controlling gas flow to ventilator or physiotherapy
apparatus.

Examples of known valves for use in wventilation

apparatus are discussed hereinbelow.

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 fluid pressure source and
a negative fluid pressure source. The 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, however, for efficiency the use of a
single gas blower is desired. The arrangement 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 valve and its negative pressure side
connected to the other subsidiary port of the valve since
a closed loop would be created with no vent to the exteriox

of the wvalve.

WO-94/27553 discloses a fluid control valve which
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required. Ideally, however, for efficiency the use of a single gas

bl ower is.,desired. The arrangenent disclosed in EP- A- 0373153 does not
allow for th¥O¥8”8? a single gas Dblower having its positi ¥ET{BYAGE

si de connected to one subsidiary port of the valve and its negative
pressure side connected to the other subsidiary port of the valve since
a closed | oop would be created with no vent to the exterior of the valve.
WO 94/ 27553 discloses a fluid control valve which

- 2- all ows 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 permt the generation alternately of a positive and negative
pressure in the closed system The valve conprises a val ve body havi ng
first and secoadlsuwsstHeapyspoive A:0d regHICDie @relsuriee sidelsi bt arsingle

encl osure, and I n L.C ses a_s S r
sel ectively cogggé?i%gpg??hng?ﬁegPﬁgggggébg?d?a?%éégétgfgpgﬁé %%%% %ﬁw%
whi | st bl ocki nyenhalaspmecenchopara, besoeas t e spevmdtsubBedi genepatriomnd

the main Porl. a0keenaReal! NE t B Raranfo AL TRGAAYE bPeLOg IR ROId
whi | st blockina the conngb?%%n t etmeenﬁthéE%%ﬂst su%s?d$§¥ 6grp and
the main port_ClO§ﬁd0ﬁM§tQQ) he valve comprises a valve body having

first 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 port whilst blocking the
connection path between the second subsidiary port and the
main port, or connecting the second subsidiary port to the
main port whilst blocking the connection path between the
first subsidiary port and the main port. In order to
permit connection to a closed system, the valve means
includes a further shutter mechanism which is coupled for
synchronous movement with the first-mentioned shutter
mechanism so as to provide a temporary connection 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 fluid
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.
However, the arrangement cannot provide a supply of
positive and negative £fluid pressure at frequencies
exceeding 5-6Hz. 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 valve is limited to the rate at which the
direction of rotation of the control motor, and hence
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permt connection to a closed system the valve neans includes a further
shutter nechani sm which is coupled for synchronous novenent with the

first-menti oRgslesfaydst €r nechani smso as to provide a tenporar [on
to the exterior of the valve from whichever of the first and %g@%%%ﬁﬁ%fﬁ

subsidiary ports is blocked off fromthe main port. Such an arrangenent
allows the use of a single fluid supply, and by the use of a shutter
mechani sm which is capable of progressively closing the path between the
mai n port and the respective subsidiary por8, -greater control over the
shape and intensity of the positive and negative pressure pul ses applied to
the main port is provided. However, the arrangenent cannot provide a supply
of positive and negative fluid pressure at frequencies exceeding 5-6Hz. The
reason for this is that to generate alternately a positive and negative
pressure at theshatitepomechaegiismes capn rkpestemtenseder sal Reversaldigfectthen

of rotation of §heshitid s Feeharibs hﬁnhhkhﬁoééﬁqi"@@&%/ré’é ORE R d tgie pehat

valve is limted to the rate at which the direction of rotation of t

control notor, REFPHENCcEC a step,ogardodhis introduces an unavoidable

PCT/ GB99/ 01317 minimum time delay. Continuous- $otation ORIt ERE BFBGRRBLSM

S e L AR SR R R T M, S

unavoi dable  mod numsdibike deinye, ot¥apt anuettarotaf itine ofotheishubEekhe
shutter mechanism, both of the subsidiary ports which are
connected to the blower inlet and the blower outlet would
at the same time be connected to the main port.

UK patent application No. 9522222.0 discloses a fluid
control valve comprising a body having first and second
ports for connection to a positive fluid pressure source
and a negative fluid pressure source and an outlet port for
connection to a device such as a ventilator apparatus, and
a cylindrical valve member rotatable with respect to the
body which is adapted selectively to interconnect the first
and second ports to the outlet port. Instead of requiring
a shutter mechanism which is oscillated to provide
alternately a positive and negative fluid pressure at an
outlet port, the cylindrical valve member is rotated
continuously in a single sense. While the fluid control
valve disclosed in UK patent application No. 9522222.0 can
be operated at high frequencies, the valve suffers from the
disadvantage that it is difficult to ensure an adequate
seal between the body and the valve member. This problem
arises by virtue of requiring a cylindrical valve member
which for a good seal requires a perfect axial alignment of
the body and the valve member; perfect axial alignment only
being achievable by accurate machining of the component
parts which is time-consuming.

It is therefore an object of the present invention to
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mechani sm enpl oyed in the val ve disclosed in WO-94/27553 is not possible
since, over 5 @%g of the rotation of the shutter nechan? Q 5E7of

t he subsid|§ﬁ§ % s which are connected to the bl ower an

bl ower outlet would at the same tine be connected to the main port.

UK patent application No. 9522222.0 discloses a fluid control valve
conprising a body having first and second ports for connection to a
positive fluid pressure source and a negétirve fluid pressure source and
an outlet port for connection to a device such as a ventil ator apparatus,
and a cylindrical valve nmenber rotatable with respect to the body whi ch
is adapted selectively to interconnect the first and second ports to the
outlet port. Instead of requiring a shutter nechanismwhich is oscillated
to provide aktelmastl pantpablyiwitigrtadie idisadvaingagess ofr Ehat pahor
outl et port, taﬁ gCylindrical valve menber is rotated continuously in a

singl e sense. I''e the fluid control val ve di sclosed in UK patent
application No. 9522222.0 can be operated at high frequencies, the valve
suffers fromthe  dis ja@ect hat tﬁel S.ndféfxf:h.éf-ﬂ brbenaagurae wdlwsleggat e

seal between the body and the val ve ne arises b rtue
of requiring asévpﬂﬁéFPB&FrVQFﬁennﬂﬁﬁgp lsmﬁﬁﬁﬁg}gr g 888Ha§é%P ?Eqﬁfgb

perfect axial gkegoanstiesf t he body and the val ve nenber; perfect axial
al i gnment only bei ng achi evabl e by accurate ngchining of the conponent
parts which is time-consum ng. It is therefore an object of the
present invention tThe present invention provides a valve for for

. controlling gas flow to ventilator or physiotherapy
apparatus, comprising a body having first and second inlet
ports and an outlet port characterised by a shutter plate
rotatable with respect to said body and adapted selectively
to interconnect said inlet ports to said outlet port,
whereby said shutter plate is operable on rotation in a
single sense to connect. alternately said first inlet port
to said outlet port and said second inlet port to said

outlet port.

The use of a shutter plate allows sealing between the
plate and the body to take place over a large area. It
also reduces the need for time consuming highly-accurate
machining. The relatively low moment of inertia of the
plate, especially where it is made of thin light metal
readily allows for rapid changes of speed.

Preferably, upon one full rotation of said shutter
plate, said first inlet port is coupled to said outlet
port, said second inlet port is coupled to said outlet
port, said first inlet port is coupled again to said outlet
port and said second inlet port is coupled again to said

outlet port.
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-4- at least partially mtigate the di sadvantages of the prior art.
An enmbodi ment of the invention provides a valve of sinple construction
which is capwa%,@;%operat ion at high frequenci es. ThePE‘i‘ﬁ?ﬁ%isn
i nvention provides a valve for for controlling gas flowto ventilator or
physi ot her apy apparatus, conprising a body having first and second inl et
ports and an outlet port characterised by a shutter plate rotatable with
respect to said body and adapted selectively to interconnect said inlet
ports to said outlet port, whereby said shuiter plate is operable on
rotation in a single sense to connect alternately said first inlet port to
said outlet port and said second inlet port to said outlet port. The
use of a shutter plate allows sealing between the plate and the body to
take place over a large area. It also reduces the need for tine consum ng
hi ghl y- accur at e macHHIRE2IFRIT S at SRSy PB&VnD‘F@PRrJCﬁesr né t FATSE thedy
plate, especi alpyroimt ddflidingmsdedoinl Bt npbtgétanteznlsecond bydel powsibar

rapi d changes of speed. . Preferably, upon one full rotation of said
shutter plate, Ci%f’?}“’frfSFsﬁa}rq\I%{t]ﬁd?tpqrarsc‘oupl ed to said outlet

Preferably, said first body portion defines two
chambers, each in communication with a respective one of
said inlet ports, each chamber having a respective opening,
and said shutter plate cooperates with said openings to
effect connection of said outlet port and said inlet ports.

Advantageously, said first body portion has a face
wall portion having said openings, said face wall portion
having land portions between said openings.

Conveniently said shutter plate is generally circular,
has a central axis of rotation, and defines at least two
plate openings for cooperation with the openings of said
body, whereby communication between said outlet port is
established with said inlet ports.

Advantageously, the body has a circular flange
upstanding around said face wall portion, the depth of the
flange corresponding substantially to a thickness of said
shutter plate, and the diameter of the flange corresponding
to that of the shutter plate.

By this means, the sealing performance of the shutter
plate is further improved.

Advantageously, said land portions are dimensioned and
disposed so that in at least one position of said shutter
plate, communication between said inlet ports and said

outlet port is prevented.
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port, said second inlet port is coupled to said outlet port, said first
I nlet- port is coupled again to said outlet port and said second inlet port

i s coupl ed af%4¥3said outlet port. PCT/GB98/01317-
- 5- Advant ageously, said body conprises a first body portion
defining said inlet ports and a second body portion defining said outl et
ports. Preferably, said first body portion defines two chanbers,

each in comunication with a respective ong of said inlet ports, each _
chanber having a respective opening, and said shutter plate cooperates with
sai d openings to effect connection of said outlet port and said inlet

ports. Advant ageously, said first body portion has a face wall
portion having said openings, said face wall portion having Iand portions
bet ween sai d openi ngs. Conveniently said shutter plate is generally

circular, has a centy.al i.S.0 e} d_defines at |east.two plate
openi ngs for cooperg?%gﬁgéF?K %ﬁéqiéiﬁﬁ:%ﬁf% rsg?@prlses a éhaft seé%red
to said shutter plate.

Advantageously, said valve has an electric motor for
driving said shaft.

s

Conveniently said motor is a stepper motor.
Alternatively said motor is a servomotor.

Conveniently control circuitry is provided for said

motor.

Advantageously said control circuitry has means for
varying the relationship between the time for which one
inlet port is connected to the outlet port and the time for
which the other inlet port is connected to the outlet port.

Conveniently, the control circuitry has means for
varying the speed of rotation of the shutter plate.

According to a second aspect of the invention there
is provided a ventilator or 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 alternating the pressure in
the enclosure to produce ventilation, said means comprising
a positive fluid pressure source, a negative fluid pressure
source and a valve comprising a body and a shutter plate,
said body having first and second inlet ports and an ocutlet
port, said shutter plate being rotatable with respect to

said body and adapted selectively to interconnect said
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body, whereby conmunicati on between said outlet port is established with
said inlet. ports. Advant ageously, the body has a circular flange
upst andi ng amaoipgliosss d face wall portion, the depth of the flroTgsBss/01317
correspondi ng substantially to a thickness of said shutter plate, and the
di aneter of the flange corresponding to that of the shutter plate.

t hi s means,
I mproved.

the sealing performance of the shutter plate is further

Advant ageously, said | and portions are di nensi oned and

di sposed so that in at [east one position of’ said shutter plate,
conmmuni cation between said inlet ports and said outlet port is prevented.

-6-

Preferably the valve further conprises a shaft secured to

said shutter plate.

inlet ports to said outlet port, whereby said shutter plate
is operable on rotation in a single sense to connect
alternately said first inlet port to said outlet port and
said second inlet port to said outlet port.

According to a third aspect of the invention there is
provided a ventilator or 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, a non-positive displacement source of
positive and negative gas pressure and a valve connected to
said pressure source, said valve comprising a body and a
shutter plate, said body having first and second inlet
ports and an outlet port, said shutter plate being
rotatable with respect to said body and adapted selectively
to interconnect said inlet ports to said outlet port,
whereby said shutter plate is operable on rotation in a
single sense to connect alternately said first inlet port
to said outlet port and said second inlet port to said

outlet port.

Advantageously, the pressure source comprises a

blower.

Preferably, upon one full rotation of said shutter
plate, said first inlet port is coupled to said outlet
port, said second inlet port is coupled to said outlet
port, said first inlet port is coupled again to said outlet
port and said second inlet port is coupled again to said

outlet port.

Advantageously, said shutter plate has a first
position where said first inlet port is coupled to said
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Advant ageously, said valve has an electric notor for driving said shaft.

Conveniently said notor is a stepper notor. Alternatlvel sai d _not or
is a servonimes/49993 Conveniently control circuitry is prRSAGRWHIY said
not or . Advant ageously said control circuitry has nmeans for varying

the relationship between the tine for which one inlet port is connected to
the outlet port and the tine for which the other inlet port is connected to
the outlet port. Conveniently, the goptrol circuitry has neans for
varying the speed of rotation of the shutter plate. According to a
second aspect of the invention there is provided a ventilator or
physi ot her apy apparatus for use in the ventilation of the lungs of a
patient, conprising an enclosure for receiving at |east the chest region of

th tient' . et paty '
e patien Sp‘%{%ce ot @QQEO&WEBEEEEB% WRGrt Nea P GRUEA 11 1ERe Io:r:td

encl osure to |Iat|on S conprising a positive,
pressure sourcks gonagstede %9 uﬁélﬁr ceetlet sporte MR & VeEA cERFitdeRy a

body and a shuf el jl e Sk %%’sﬂ‘aéﬁd‘%éddrﬁi A tSRERN diheHec nel@hes and
an outl et port sald shutter plate_being rotatable mnth respect to said

body and adaptinilefe|RREY \ie§ \cauplefl r@ oFkd oWt eF Port

Preferably, in said thlrd position of said shutter
plate, said outlet port is substantially closed.

Conveniently, the wvalve further comprises a shaft
secured to said shutter plate.

Advantageously, said valve has an electric motor for

driving said shaft.
Conveniently said motor is a stepper motor.
Alternatively said motor may be a brushless dc motor.

Conveniently control circuitry is provided for said

motor.

Advantageously said control circuitry has means for
varying the relationship between the time for which one
inlet port is connected to the outlet port and the time for
which the other inlet port is connected to the outlet port.

Conveniently, the control circuitry has means for
varying the speed of rotation of the shutter plate.

Conveniently said apparatus further comprises means
for varying the pressure of said pressure source.
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-7- inlet ports to said outlet port, whereby said shutter plate is
operable pon rotation in a single sense to connect alternately said first
inl et port tywpbsgdedoxout| et port and said second inlet port toPERIGBIGUBLIEL
port. According to a third aspect of the invention there i's provided
a ventilator or physiotherapy apparatus for use in the ventilation of the

| ungs of a patient, conprising an enclosure for receiving at |east the
chest region of the patient's body, a non-pgsitive displacenent source of
positive and negative gas pressure and a valve connected to said pressure
source, said valve conprising a body and a shutter plate, said body having
first and second inlet ports and an outlet port, said shutter plate being
rotatable with respect to said body and adapted sel ectively to interconnect

said inlet ports to_said outlet port whereg sai :ﬂé t a Is
oper abl e on rotatio#%§1gf%ﬁ?ﬁﬁe8§%ﬁgﬁl?8 & %ﬁe&ﬁﬁa :grééeﬁé é%F&?%FF?F
inlet port to SR pediduetinpoatpredssae dvseehorh| réspeqially drsaeptddater
port. Advant ageausl| the pr e source conprises a bl ower
Preferably, upéﬁﬂﬁﬁiﬁﬁﬁ%gggﬁﬁﬁi%%§%¥§{§ﬁtishutter
Ventilators fall into two classes, these being
intermittent negative pressure ventilators (INPV) and
intermittent positive pressure ventilators (IPPV). There
are two principal kinds of negative pressure ventilator
used in respiratory therapy, these being the body tank
respirator (commonly called the iron lung) and the cuirass.

There are many kinds of positive pressure ventilator such

as volume and pressure-limited ventilators.

Positive pressure ventilators have many advantages
over negative pressure ventilators. Notably, in requiring
at most only tracheostomy or intubation of a patient,
positive pressure ventilators provide good accessibility to
the patient for patient care as compared to negative
pressure ventilators which require total enclosure of at

least the chest of a patient.

The intermittent ©positive pressure ventilation
techniques do however have a number of significant
disadvantages. For example, intubation of a patient
requires highly skilled personnel both to insert and
maintain the tube, and moreover causes secretion build up
in the airways which requires the airways to be cleared
regularly by suction. Both the introduction of a tube and
the necessary suctioning frequently causes infection, which
infection together with the secretion and the positive
pressure applied to the lungs results in fibrotic changes
in the lung tissue and a consequential reduction in lung
compliance. The use of positive pressure also causes air
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plate, said first inlet port is coupled to said outlet port, said second
inlet, port is coupled to said outlet port, said first inlet port is coupled
again to saiwoc?G{‘F@E" port and said second inlet port is coupf@GREMIHt o
said outlet port. Advant ageously, said shutter plate has a first
position where said first inlet port is coupled to said

outlet port, a second position where said second inlet port is connected to
said outlet port and a third position intenmedi ate said first and second
positions where neither inlet port is coupled to said outlet port.
Preferably, in said third position of said shutter plate, said outlet port
I's substantially cl osed. Conveniently, the valve further conprises a
shaft secured to said shutter plate. Advant ageously, said val ve has

an el ectric notidakatfe and barotrauma to the lung, and in creating a
positive intrapulmonary pressure reduces the venous return
and cardiac output. Indeed, the higher the pressure needed
to ventilate a patient with a sick lung the greater the
reduction there will be in cardiac output, which in turn
will increase morbidity and mortality.

Techniques have been developed which reduce the tidal
volume required to ventilate the lungs of a patient, and
hence reduce the risk of barotrauma. One such technique is
high-frequency ventilation (HFV). The mechanisms of high-
frequency ventilation are not clearly understocod, although
it is well established that using this method carbon
dioxide exchange can occur with tidal volumes less than a
patient’s dead space. One particular high-frequency
ventilation technique is high-frequency jet ventilation
(HFJV) which is designed to deliver a high-pressure gas
source through a small jet or cannula that is positioned in

the main airway.

Such techniques however only partially alleviate the
known problems. Recently, an oscillator has been devised
which develops a pressure waveform capable of ventilating
the lungs of a patient using a tidal volume of air so
reduced as to lower the peak pressure of the cyclic
pressure waveform required for ventilation and hence reduce
the risk of barotrauma. This oscillator is disclosed in
WO-95/32753. Whilst this oscillator does allow foxr the
ventilation of the lungs of a patient with a reduced volume
of air, it suffers from the problem that the action of the
pressure waveform is not sufficient to clear satisfactorily
the build-up of secretion from the airways.
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driving said shaft. Conveniently said notor is a stepper notor

Al ternatively said notor may be a brushl ess dc notor. Conveniently
control circwotogmedes provi ded for said notor. Advant apenyesbs/oisei d
control circuitry has nmeans for varying the relationship between the tine
for which one inlet port is connected to the outlet port and the tinme for
which the other inlet port is connected to the outlet port.

Conveniently, the control circuitry has neggs_for varying the speed of
rotation of the shutter plate. Conveniently said apparatus further
conprises neans for varying the pressure of said pressure source.

-0-

It is thus a further aim of the present invention to
provide an oscillator which is capable of ventilating the
lungs of a patient with a reduced tidal volume and yet
exhibit improved secretion clearance.

The present invention hence provides an oscillator for
producing a pressure waveform, comprising a waveform
generating means for producing a first, base cyclic
pressure waveform having a second pressure waveform of
positive pressure pulses of higher frequency superimposed
thereon. The present invention hence provides an oscillator
for producing a pressure waveform, comprising a waveform
generating means for producing a first, base cyclic
pressure waveform having a second pressure waveform of
positive pressure pulses of higher frequency superimposed

thereon.

Preferably, the waveform generating means comprises at
least one apparatus in accordance with the third aspect of
the invention.

Advantageously, the waveform generating means
comprises a first apparatus in accordance with the third
aspect of the invention for producing the first waveform,
and a second such apparatus for producing the second

pressure waveform.
Preferably, the waveform generating means comprises at
least one apparatus in accordance with the third aspect of

the invention.

Advantageously, the waveform generating means
comprises a first apparatus in accordance with the third
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The present invention also relates to an oscillator for producing a
pressure waveform especially in ventilator or physiotherapy apparatus.
Ventilators WO 9849830 two cl asses, these being intermttent PEBGHPS/aI817
pressure ventilators (INPV) and intermttent positive pressure
ventilators (IPPV). There are two principal kinds of negative pressure
ventilator used in respiratory therapy, these being the body tank
respirator (conmmonly called the iron lung) 13nd the cuirass. There are nmany
ki nds of positive pressure ventilator such as volume and pressure-limted
ventil ators. Positive pressure ventilators have nmany advant ages over
negative pressure ventilators. Notably, in requiring at nost only
tracheostony or intubation of a patient, positive pressure ventilators

provi de good aC&Qﬁét@'bftVhéolﬁhén@féﬁeﬂérfﬁfo&@éi@ttﬁérﬁlﬁt CRAPEE 8Fm | O
negative pressure_ventilators wh gklre total encl osure of ~at |east _the

chest -of a pati@hg. 2 secon@hesuq:lht TRENS  Bo%i t(RRRAUGING sthe second
ventilation tecbﬁeqyeﬁed@@h@mﬁmmr have a number of S|gn|f|cant

di sadvant ages. For exanple, intubation of a patient requires highly
skill ed personnel both to insert and maintain the tube, and noreover causes
secretion build up imithe ahewaypsesknth rigmpdntdeont he iaprweesi t osderet bou ed
regularly by su t h ucgjon h negess

R e B e A g S T e o
secretion and tmsp@svem v@regﬁmramams edon o %hebasimgscy‘ébmmprassure

fibrotic changegaifedhif. | 40 1l 8AMCaRNMLA %@&t%erﬁﬁggéuga Pl 409
conpliance. The use of_ positive pressure also causes air
. which draws the secretlon out of the airways. This

contrasts with the oscillator disclosed in WO-95/32753
where a cyclic pressure waveform, 1i.e. a waveform
comprising alternating positive and negative pressure
pulses, is superimposed on another cyclic pressure waveform
of lower frequency. While the action of the positive
pressure pulses in that superimposed cyclic waveform is to
draw secretion out of the airways this is counteracted by
the action of the negative pressure pulses which is to draw
the secretion back into the airways.

Preferred embodiments 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 along the
longitudinal axis of a fluid control valve in accordance
with an embodiment of the present invention, shown coupled
to a control motor;

Figure 2 illustrates a plan view of the valve and
control motor illustrated in Figure 1;

Figure 3 illustrates a view along direction X of one
end of the valve (with shutter plate removed) and control
motor illustrated in Figure 1;

Figure 4 illustrates a view along direction X of one
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- 10 - | eakage and barotrauma to the lung, and in creating a positive
I ntrapul nonary pressure reduces the venous return and cardi ac out put.

| ndeed, the W g8io993 he pressure needed to ventilate a pati eRCTRBOBIZ| ck
|l ung the greater the reduction there will be in cardiac output, which in
turn will increase norbidity and nortality. Techni ques have been
devel oped which reduce the tidal volune required to ventilate the |ungs of
a patient, and hence reduce the risk of bhaggtraunma. One such technique is
hi gh-frequency ventilation (HFV). The mechani snms of high- frequency
ventilation are not clearly understood, although it is well established
that using this nmethod carbon di oxi de exchange can occur with tidal vol unes
| ess than a patient's dead space. One particular high-frequency
ventilation te '

. GHH B £8e Mhaial bBAYCRaYt QwitdNplhdkl arRnbel) Ventied) icE
desi gned to deliver a high-pressuré gas source_through a snmall jet or
cannul a that i $hsodalivendd JustarEadiln HLOnEE 1/ Such techni ques

however only parti algigqatd eviglrdthiatdwu gligablagw dfeatni Iplat@ member
ol ator R PSR ISaeHou! b SCNEORS ARECITYLEUBKSh oL SRR & O

Figure 6 illustrates a plan view of the rotatable
shutter plate of the valve illustrated in Figure 1;

Figures 7(a-d) illustrate examples of the pressure
waveforms which can be achieved by the valve illustrated in
Figure 1;

Figure 8 illustrates in schematic a perspective view
of a ventilator apparatus which incorporates an oscillator
in accordance with an embodiment of the present invention;
and

Figures 9(a-c) respectively illustrate a first, base
cyclic pressure waveform, a second pressure waveform of
positive pulses of higher frequency and lower amplitude
than the base cyclic pressure waveform, and a pressure
waveform comprising the first, base cyclic waveform with
the second higher-frequency pressure waveform superimposed

thereon.

A valve in accordance with the present invention
comprises a main body 3 and a rotary shutter plate 5. The
main body 3 comprises a first body part 7 within which the
shutter plate 5 is rotatable and a second body part 9
attached to the first body part 7.

The first body part 7 is a cylindrical bedy having a
first chamber 11 and a second chamber 13 defined therein;
the first and second chambers 11,13 being disposed in
opposed halves and divided by a wall member 15 which
extends along the diameter of the first body part 7. The
first and second chambers 11,13 each respectively extend to
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reduced as to |l ower the peak pressure of the cyclic pressure waveform
required for_ve '4 tion and hence reduce the risk of barotr ig -
oscillator |§'\6od|géé 9gsed in WO-95/32753. Wilst this oscillat %%[}E:baé"g/—g l?‘ow
for the ventilation of the lungs of a patient with a reduced vol une of air,
It suffers fromthe problemthat the action of the pressure waveformis not
sufficient to clear satisfactorily the build-up of secretion fromthe

ai rways. - 14 11 - It is thus a
further aimof the present invention to provide an oscillator which is
capable of ventilating the lungs of a patient with a reduced tidal volune
and yet exhibit inproved secretion clearance. The present invention

hence provides an oscillator for producing a pressure waveform conprising
a wavef orm genetke | prewateréntipt ogucfageaoti tie, fasy dyody cppresgured
vavef or m havi nosge SREOPLEE CaaMI 8 LRKET Udiln RARiIdr HOEESSHF 18! SRT A
hi gher frequency superi nposed thereon. e present 1 nvention héncé provides

an oscillator f®¥fe pitBdiEenceanpeessdr Eondittd oimletodnd sthg sukdess ovofn 2

gener ating means dwir P{ASRICERGWR) fi I The BASSCYHd Cs@ééﬁ&“&ﬁa%%@%_o'ﬁ‘, 13

havi ng a second pressure waveform of positive pressure pulses o I gher

frequency super? gfend- axially to one end surface of the first body
part 7 and define a common opening 21. In this embodiment
the common opening 21 is circular-and includes a flange 22.
The first body part 7 further comprises a plate member 23
which is fixed in the common opening 21 at the flange 22.
The plate member 23 includes four sector-shaped openings
23a-d defined by four radial arm sections 25a-d having
rotational symmetry. The plate member 23 is in this
embodiment arranged such that two of the opposed arm
sections 25a,25c are disposed along the wall member 15,
whereby a first and second of the sector-shaped openings
23a,23b and a third and fourth of the sector-shaped
openings 23c¢,23d communicate with the second and first
chambers 11,13 respectively.

The second body part 9 comprises a semi-cylindrical
body which is fixed, in this embodiment by bolts 27, to the
surface of the first body part 9 in which the common
opening 21 is defined. The second body part 9 includes a
recess 29, in this embodiment a semi-circular recess, in
that surface which opposes the first body part 7. The
recess 29 is of such a size that when the second body part
9 1is fixed to the first body part 7 the recess 29
encompasses the second and third sector-shaped openings
23b,23¢c of the plate member 23 and the defining upper edge
31 of the recess 29 extends above the second and fourth arm
sections 25b,25d of the plate member 23. The second body
part 9 further comprises a conduit 33 which communicates
with the recess 29 and defines an outlet port 35 for
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t her eon. Preferably, the waveform generating neans conprises at | east
one apparatus in accordance with the third aspect of the invention.

Advant ageou¥9Q 28489 waveform generating neans conpri seBCHGBP8/@IS17
apparatus in accordance with the third aspect of the invention for
producing the first waveform and a second such apparatus for producing the
second pressure waveform Preferably, the waveform generating neans
conprises at |east one apparatus in accordarge- with the third aspect of the
i nventi on. Advant ageously, the waveform generating means
conprises a first apparatus in accordance with the third

- 12 - aspect of the invention for producing the first waveform and a

second such apparatus for producing the second
connection to, for example, a ventilator apparatus (not

shown) .

The shutter plate 5, in this embodiment a thin, flat
generally circular plate, is located between the outer
surface of the plate member 23 of the first body part 7 and
the rear surface of second body part 9. The clearances
between the shutter plate 5 and the outer surface of the
plate member 23 and the rear surface of the second body
part 9 are such that the shutter plate 5 can be freely
rotated and yet provide a seal, the leakage from which is
sufficiently low that the valve can operate properly to
provide the required pressures at the outlet port 35. The
shutter plate 5 includes two diametrally opposed sector-
shaped openings 6a,6b defined by two arm sections 5a,5b.
The sector-shaped obenings 6a,6b in the shutter plate 5 are
each of the same size as the sector-shaped openings 23a-d
in the plate member 23.

The valve further comprises a control motor 37, for
example a stepper or servo motor, which is connected to the
shutter plate 5 by a shaft 39 so as to control the
operation of the valve. This will be described in more
detail hereinbelow. In use, by operation of the motor 37,
the outlet port 35 of the valve is connected in alternate
succession to the inlet (negative fluid pressure source)
and the outlet (positive fluid pressure source) of the

blower.

In use, the -shutter plate 5 of the wvalve is
continuously rotated in a single sense, in either a
clockwise or anticlockwise direction when viewed along
direction X in Figure 1. Operation of the valve over one
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pressure waveform Wth the present invention, inproved secretion
cl earanceti s achieved by the superinposition of only positive pressure
pul ses on woOdsa9e93 cyclic pressure waveform It is the acPcwGBIsOBNE
positive pressure pul ses which draws the secretion out of the airways.
This contrasts with the oscillator disclosed in WO 95/32753 where a cyclic
pressure waveform i.e. a waveform conprising alternating positive and
negative pressure pul ses, is superinposed_ogsanother cyclic pressure

wavef orm of | ower frequency. Wil e the actron of the positive pressure
pul ses in that superinposed cyclic waveformis to draw secretion out of the
airways this is counteracted by the action of the negative pressure pul ses
which is to draw the secretion back into the airways. Preferred

enbodi nents of &Q@og ?gggt gnggn?hgﬁdw || now be described, by way of

exanple only, wth erence to the acconpanyi ng draw ngs, in which:-
Figure 1 |IIustrates a cross-sectional view along the |ongitudinal axis of
a fluid control val vgrhReaggorMadeer Wt %@é&ﬁ@?diﬂe%l% e PEESSAL ang

i nvention, shown coupled to a control gure 2 illustrates _a

plan view of thEeFaRde 3 SESHIQRS nﬁéblpfugwaﬁéatFﬁeréaFe 5. totally
Figure 3 illusteatempasyi amaheﬁeedbneeél Ohe Xo Oft OPEs1Rib Dfoddifi igdl 8 a(di th

shutter plate renoved) cont t or |IIu trated in Fi ;
Figure 4 |IIust93t§§ p@? 5%6 Tdidrec i i %%ﬁ' and $econd sector-

shaped openings 6a,6b in the shutter plate 5 overlying the
fourth and second arm sections 25d,25b of the plate member
23 respectively, the motor 37 is operated to rotate the
shutter plate 5 in a clockwise direction when viewed along
direction X as shown in Figure 1. The arm sections 5a,5Sb
of the shutter plate 5 are thus moved such that the fourth
and second sector-shaped openings 23d,23b of the plate
member 23, which open respectively to the first and second
chambers 11,13 in the first body part 7, are respectively
progressively openéd. When the shutter plate 5 has rotated
through a one-eighth turn from its original starting
position, the first and second sector-shaped openings 6a,6b
in the shutter plate 5 correspond exactly with the fourth
and second sector-shaped openings 23d,23b in the plate
member 23. In this position, the first port 17 is vented
to air and the second port 19 is in communication with the
outlet port 35, with the first and third sector-shaped
openings 23a,23¢ in the plate member 23 being blocked off
by the first and second arm sections 5a,5b of the shutter
plate 5. Thereby, the outlet of the blower (the positive
pressure side) connected to the second port 19 is in
communication with the outlet port 35 and the inlet of the
blower (the negative pressure side) connected to the first
port 17 is vented to the exterior of the valve.

The shutter plate 5 continues to rotate in the same

direction such that the first and second arm sections 5a,5b
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- 13 - end of the main body part (with plate nenber renoved) of the
valve illustrated in Figure 1; Figure 5 illustrates a plan view of the
pl ate nembeW@98/498B nai n body part of the valve illustrated FT/EBYHtT: .
Figure 6 illustrates a plan view of the rotatable shutter plate of the
valve illustrated in Figure 1; Figures 7(a-d) illustrate exanpl es of
the pressure waveforns which can be achieved by the valve illustrated in
Figure 1; Figure 8 illustrates in schefmtic a perspective view of a
ventil ator apparatus which incorporates an oscillator in accordance with an
enbodi nent of the present invention; and Fi gures 9(a-c) respectively
illustrate a first, base cyclic pressure waveform a second pressure

wavef orm of positive pul ses of higher frequency and | ower anplitude than

the base cycli %ﬁorﬁéstg@e%&efﬂaﬁee AN b JUHRRSIWE WS SE KO NPEEShAJahle
first, base cyclic waveformwth the secgnd h|gher-%reguegcyaﬁressure
wavef or m super iGoeEed BRetesnshaped opan{RE§e2fR, 23dotBahRE REERSt AgMPer

present inventian £OSHEEEESeBy MBI WMHeROY:Be aBHuBtERt PDatshubt dral abeabedThe
T D0 3 COURL 35S onhs Lo e e R gHni b LM LeL Phabe o
the sector-shaped openings 23a-d of the plate member 23 are
all at that instant fully closed.
The shutter plate 5 continues to rotate in the same
direction such that the third and first sector-shaped
openings 23c,23a in the plate member 23, which open to the
first and second chambers 11,13 of the first body part 7,
are progressively opened. When the shutter plate 5 has
rotated through a three-eighth turn from its original
starting position, the first and second sector-shaped
openings 6a,6b in the shutter plate 5 correspond exactly
with the first and third sector-shaped openings 23a,23c¢ in
the plate member 23 respectively. In this position the
first port 17 is in communication with the outlet port 35
and the second port 19 is vented to air, with the second
and fourth sector-shaped openings 23b,23d of the plate
member 23 being respectively blocked off by the first and
second arm sections S5a,5b of the shutter plate 5. Thereby,
the inlet of the blower is in communication with the outlet
port 35 and the outlet of the blower is vented to the

exterior of the valve.

The shutter plate 5 continues to rotate in the same
direction such that the first and second arm sections S5a,5b
of the shutter plate 5 progressively close the third and
first sector-shaped openings 23c,23a in the plate member 23
respectively. When the shutter plate 5 has rotated through
a half turn from its original starting position the sector-
shaped openings 23a-d in the plate member 23 are all at
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The first body part 7 is a cylindrical body having a first chanber 11 and a
second chanber 13 defined therein; the first and second chanbers 11, 13

bei ng di spos® 8r¥9993posed hal ves and di vi ded by a wal |l nmenbePCI/6BAIIST
extends along the dianeter of the first body part 7. The first and second
chanbers 11, 13 each respectively extend to

- 14 - the circunferential surface of the first body part 7 and define
first and second comunication ports 17,19, awhich are in use connected to
the inlet and the outlet of a blower (not Shown). The first and second
chanbers 11,13 also extend axially to one end surface of the first body
part 7 and deflne a common opening 21. In this enbodi nent the comon
opening 21 is circular and includes a flange 22. The first body part 7

further conpris @gﬁhﬁg, £h is fixed in the common opening 21
at the flange 2 gﬁ ?he %%ate e%§5 i ncl udes four sector-shaped openings
23a-d defined by four radial arm sections 25a-d having rotational

symetry. The plat epenBgfit@Sri §rLhPet B %oﬁ@ﬁ%ﬂe% %rort%@aeqns%tmetm

of the opposed arm sections 25a,25c are di sposed ng t nber(%S

wher eby a firstdbFRESE®NEUSH t%%eéb@r-@ﬁ%ﬁﬁéda’é‘éeﬁﬁm@ﬁ%?ﬁ%
third and fourtép&iiddie S€&}eh - shrpeehOpeshigse 3CpPatk COIMURd S5d e Wd Ty, t he

second and fi rs;grc(::g?:@ess:{ve y:'l' ]é%eglesgﬁgt Isveec'\:lo\‘rlxd and fourth sector- shaped
openings 23b,23d in the plate member 23. When the shutter
plate 5 has rotated through a five-eighth turn from its
original starting position, the first and second sector-
shaped openings 6a,6b in the shutter plate S5 correspond
exactly with the second and fourth sector-shaped openings
23b,23d in the plate member 23 respectively. In this
position, the second port 19 is in communication with the
outlet port 35 and the first port 17 is vented to air, with
the first and third sector-shaped openings 23a,23c in the
plate member 23 being blocked off by the second and first
arm sections 5a,5b of the shutter plate 5. Thereby, the
outlet of the blower is in communication with the outlet
port 35 and the inlet of the blower is vented to the

exterior of the wvalve.

The shutter plate 5 continues to rotate in the same
direction such that the first and second arm sections 5a,5b
of the shutter plate 5 progressively close the fourth and
second sector-shaped openings 234,23b in the plate member
23 respectively. When the shutter plate 5 has rotated
through a three-quarter turn from its original starting
position the sector-shaped openings 23a-d of the plate
member 23 are all at that instant fully closed.

The shutter plate 5 continues to rotate in the same

direction such that the first and second sectof-shaped
openings 6a,6b in the shutter plate 5 respectively
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The second body part 9 conprises a sem -cylindrical body which is fixed, in
this enbodi nent by bolts 27, to the surface of the first bod g@rt 9in

whi ch the coY@R/#8%hing 21 is defined. The second body part POT{GRIPAHAE 3
recess 29, in this enbodinent a sem -circular recess, in that surface which
opposes- the first body part 7. The recess 29 is of such a size that when
the second body part 9 is fixed to the first body part 7 the recess 29
enconpasses the second and third sector-shaped-openi ngs 23b, 23c of the

pl ate nmenber 23 and the defining upper edge 31 of the recess 29 extends
above the second and fourth arm sections 25b, 25d of the plate nenber 23.
The second body part 9 further conprises a conduit 33 which conmuni cates
with the recess 29 and defines an outlet port 35 for

- 15 - connegd 5<§’ﬂeé§1vép«j |Q;hea eiald akal apR2Eat USe&HoLt-
The shutter plate in this enbaodi thin, flat genewglly circul ar
te

plate, is | ocat ePHIERPITe Futist SoffefRe TR thesshytees
first body part glate $hhasegbtateliachrotighecombveatieipfitth Surnfhfrom its

¢l earances original starting position the first and second sector-
shaped openings 6a,6b in the shutter plate 5 correspond
exactly with the third and first sector-shaped openings
23c,23a in the plate member 23. In this position, the
first port 17 is in communication with the outlet port 35
and the second port 19 is vented to air, with the second
and fourth sector-shaped openings 23b,23d in the plate
member 23 being blocked off by the second and first arm
sections Sb, 5a of the shutter plate 5. Thereby, the inlet
of the blower is in communication with the outlet port 35
and the outlet of the blower is vented to the exterior of

the valve.

The shutter plate 5 continues to rotate in the same
direction and the first and second arm sections 5a,5b of
the shutter plate 5 progressively close the first and third
sector-shaped openings 23a,23¢ in the plate member 23
respectively. When the shutter plate 5 has rotated through
a full turn from its original starting position, i.e. has
completed one revolution, the sector-shaped openings 23a-d
in the plate member 23 are all at that instant fully
closed.

In each half revolution of the shutter plate 5, the
outlet port 35, which is cou@led to, for example, a
ventilator enclosure, communicates alternately once with
the positive pressure side and once with the negative
pressure side of the blower. Thereby, as the shutter plate
5 is continuously rotated a positive and negative pressure
is alternately generated at the outlet port 35. Typically,
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between the shutter plate 5 and the outer surface of the plate nmenber 23
and the rear surface of the second body part 9 are such that the shutter
plate 5 can b¥®Q 4893 rotated and yet provide a seal, the | ealPSFeHEIpOIM7
which is sufficiently low that the val ve can operate properly to provide
the required pressures at the outlet port 35. The shutter plate 5 includes
two dianetrally opposed sector- shaped openi ngs 6a, 6b defined by two arm
sections 5a,5b. The sector-shaped openings_63;6b in the shutter plate 5 are
each of the sane size as the sector-shaped openings 23a-d in the plate

menber 23. The val ve further conprises a control notor 37, for
exanpl e a stepper or servo notor, which is connected to the shutter plate 5
by a shaft 39 so as to control the operation of the valve. This will be

described in mrgndeéxﬁéloia@fswaﬁ' Q¥ LHeUSB1vRY OREL athpe ofaidie EB{»Ofm%?

the outlet port 35 of the valve I's connected in alternaie succession to the

inlet (negative Fhuf8eprBatifeS sbarergn aned theosritiha g9rand isacHquishaped

pressure source) opbnihg BBBWEA. the plak% %éﬁbe%h935hﬁhbe®d§fﬂ#%é5ﬁﬂéé@ﬁie
valve is contlnuoush¥6rotat din.a Slqﬁhe sense,.in either. a,cl ogkw se or

anti cl ockwi se di FEELRONT R eRSyiSEkeduIhPHY e@ﬂ%n@@?noﬁl Ghife time taken
Operation of thefwal yhe osleutiose plate 5 to open and close the third sectb--

shaped opening 23¢ in the plate member 23 (the negative
pressure cycle), in which case the duty cycle would be 1:2.

The duty cycle of the valve, which is the time
that the outlet port 35 is connected to the positive
pressure source in relation to the time that the outlet
port 35 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 cycle 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 valve of the present invention also permits the
shape of the waveform applied to the outlet port 35 to be
altered. The shape is a function of the speed of rotation
of the shutter plate 5 during the phases of rotation of the
shutter plate 5 corresponding to the positive and negative
pressure cycles, and the pressure developed by the blower.
Examples of the shapes of the pressure waveforms which can
be achieved by the valve of the present invention are
sinusoidal, saw-tooth, trapezoidal énd square/rectangular.
Figure 7(a) illustrates a sinusocidal waveform, which
waveform can be achieved by operation of the wvalve at a
duty cycle of 1:1, with the shutter plate 5 operated at a
fixed continuous speed. Figure 7(b) illustrates a saw-
tooth waveform, which waveform can be achieved by operation
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revolution is as follows. Starting fromthe position in which the
first and, second arm sections Sa,5b of the shutter plate 5 totally
enconpass armioleese3 cl ose t he sector-shaped openi ngs 23a-d i FCTVABYN1ALTe
menber 23, with the first and second sector- shaped openings 6a,6b in the
shutter plate 5 overlying the fourth and second arm sections 25d, 25b of the
plate member 23 respectively, the mptor 37 is operated to rotate the
shutter plate 5 in a clockw se direction whgn viewed along direction X as
shown in Figure 1. The arm sections 5a,5b Of the shutter plate 5 are thus
noved such that the fourth and second sector-shaped openi ngs 23d, 23b of the
pl ate nmenber 23, which open respectively to the first and second chanbers
11,13 in the first body part 7, are respectively progressively opened. Wen

the shutter plat as t t hr qugh e h tMem f i ggnal
starting p05|t|3ﬁ EP 'Y£$&$.§%H %eg%%% gég?br %ﬂ%edhgﬁgh|%§§]6 g%rln t he
shutter plate &mtrle:;pocnﬂ thectshpttierh phete obr BHraRg SO P S Het 67 - aR@ped

openi ngs 23d, 23 a{};l%e %L] SaPBREE1 43 bh&nbhll%d%‘é%'s@dorto tehembsk {rinkm PQE t

17 is vented to r and e second port 19 1S in conmunication with the
outlet port 35thé mHdtroimt of &he m%&@@d@@ﬂ%&&%ﬁéﬁ%’ﬁgsyﬁ §s238d

the plate nenbeja C?gegg\éd]g ghoclq-ggg of ahy t headd r stoandisecoaddar mfsecthens
5a, 5b of the shutter pI Ther eb t he ogtlet f the

|
positive pressRIELG rt%ﬁﬁ%’c‘fee@ SUTE S¥CHRE - pdrTUIS i's | n* i%ﬁﬁgﬁ?gﬁ?l on
with the outl ety peFdp éﬁbfﬂ!ﬂtwﬁwefﬁfm offhidle Whoeforttbannegaschtepedskyr e

st de) comected Lo the 1l 55 B el pRrog Bl OphRer e oL Shidfecne

such that the fdpedd anfl seranibmrof sebei ehstSarSDlate 5 being controlled
such that at the beginning and the end of the positive and
negative pressure cycles the speed of rotation of the
shutter plate 5 is kept high and during the intermediate
phase of the positive and negative pressure cycles the
speed of rotation of the shutter plate 5 is slowed in order
to provide a period of constant pressure at the outlet port
3s. Figure 7(d) illustrates a square waveform, which
waveform can be achieved by operation of the valve in the
manner described above for achieving a trapezoidal
waveform, except that the blower 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.

The valve of the present invention can further be used
to provide a pressure waveform in an entirely positive or
negative pressure regime. This can be achieved by
connecting one of a further positive or negative fluid
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- 17 - of the shutter plate 5 progressively close the second and fourth
sect or - shaped openi ngs 23b, 23d in the plate nenber 23 respe t|v X%

the shutter WO 9B has rotated through a quarter turn froml %ﬁl al
starting position, the sector-shaped openings 23a-d of the plate menber 23
are all at that instant fully cl osed. The shutter plate 5 continues
to rotate in the sanme direction such that the third and first sector-shaped
openi ngs 23c,23a in the plate nmenber 23, _whhch open to the first and second
chanbers 11,13 of the first body part 7, are progressively opened. Wen
the shutter plate 5 has rotated through a three-eighth turn fromits
original starting position, the first and second sector-shaped openi ngs

6a, 6b in the shutter plate 5 correspond exactly with the first and third

sect or - shaped  gpRRdES 2R i e WAk £ IR ol dASHERId Vberat irlg

this position Irst port 17 is 1In connunlcatlon wi th the ou ort 35

and the second*@%ﬁt'vﬁgvﬁs aenteesehibed, ARIYE t K€ sBEBﬁﬁcﬁndt?%urY?F{%uS

sect or - shaped QR{RIFGS=23D, 2mt<grr;41q@1gx,e NEHier ohh bedeng dciseadd vedy
bl ocked off by the first and secaﬁd arm sectigns,_b5a, 5b_of-the shutter Iate

5. Thereby, th@Lteration ofetBroMBFYi SYFhScomttinFR&t YORC W HOT PRI St

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 outlet port 35 in relation to the time
in which the negative pressure source is connected to the
outlet port 35 would be increased, and vice versa for

operation entirely in a negative pressure regime.

The 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 shutter plate 5 in the above-described one-eighth and
five-eighth or three-eighth and seven-eighth turn
positions, whereby the outlet port 35 commumicates with the
respective one of the inlet or outlet of the blower.
Moreover, if necessary, the shutter plate can be operated
in an oscillating mode, wherein the direction of the
shutter plate 5 is continually reversed to provide
connection to the positive and negative pressure fluid

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
alternating positive and negative fluid pressure source to
a ventilator apparatus, but can be employed in many other
applications, such as in a resuscitation or physiotherapy
apparatus where an alternating positive and negative

pressure source is required.

Figure 8 illustrates a ventilator  apparatus
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port 35 and the outlet of the blower is vented to the exterior of the

val ve. . The shutter plate 5 continues to rotate in the sane direction
such that thV@P¥4¥%hnd second arm sections 5a,5b of the shut PEF/GBP#EIEIS
progressively close the third and first sector-shaped openings 23c,23a in
the plate nenber 23 respectively. Wien the shutter plate 5 has rotated
through a half turn fromits original starting position the sector- shaped
openings 23a-d in the plate nenber 23 are_ahh at

- 18 - that instant fully closed. The shutter plate 5 continues
to rotate in the sanme direction such that the first and second
sect or - shaped openings 6a,6b in the shutter plate 5 respectively
progressively open the second and fourth sector-shaped openi ngs 23b, 23d in

the plate membes 23 odhahshe st tgocphabeod has ' 4aLSAasNEEU0NiRn  an

five-eighth turn Its original starting positiaon, I rst and second
sector- shaped Gﬂéﬁﬁﬁ@?nﬁa BE i bhe heoreganter 1pVensioneor r eEhendveabiator

with the secondgy ?@Qrtawst Pﬂné@ﬁaeg shadech SReRd N3 23R 23deli0ihBetrRt at Punk
menber 23 respec I vel

a patlent In this embodiment the enclosure 102
comprises a base plate 104 on which a patient is provided
and a cover member 106 of a generally flattened U-shape
which is located over the trunk of the patient. The cover
member 106 has open ends through which pass the body of the
patient. Each open end is provided with a sealing member
108 in the form of a pleated rubber curtain fixed to the
sides of the cover member 106. The cover member 106 1is
detachable from the base plate 104 by quick release latches
110 positioned on each longitudinal side of the cover
member 106. A pair of air inlet/outlet ports 112 are
provided in the cover member 106 and above the upper chest

region of the patiént.

The ventilator apparatus further includes an
oscillator 116. The oscillator 116 comprises first and
second pressure waveform generating devices 118,120 which
are each commonly connected by tubing 122 to the enclosure
102. Bach of the waveform generating devices 118,120
comprises a blower 150 which provides a positive and a
negative fluid pressure source, and a fluid control valve
160 which is connected between the inlet 150a (negative
pressure side) and the outlet 150b (positive pressure side)
of the blower 150. The outlet ports 160a of ‘each of the
valves 160 are coupled together and connected via the
tubing 122 to the ports 112 in the enclosure 102. In an
alternative embodiment, the outlet ports 160a of the valves
160 may be connected separately to the ports 112 in the
enclosure 102. The first waveform generating device 118
generates a cyclic pressure waveform. The second waveform
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position, the second port 19 is in comunication with the outlet port 35
and the first port 17 is vented to air, with the first and third
sector-shape&&ﬁ@‘f%%s 23a,23c in the plate member 23 being BCOGBIFOBHT by
the second and first arm sections 5a,5b of the shutter plate 5. Thereby,
the outlet of the blower is in communication with the outlet port 35 and
the inlet of the blower is vented to the exterior of the valve. The
shutter plate 5 continues to rotate in thejsgame direction such that the
first and second arm sections 5a,5b of the shutter plate 5 progressively
close the fourth and second sector-shaped openi ngs 23d,23b in the plate
menber 23 respectively. Wen the shutter plate 5 has rotated through a
three-quarter turn fromits original starting position the sector-shaped

openi ngs 23a-d ?énéf’gtﬁlx t gelRERer 23 ﬁei‘E% e8t thﬁi‘eéé‘&i‘é”%afv‘élflo!'md

The shutter plate cont nues to rotat& In_t direction such_ that the
first and seconBO8teive- PHAFEE @ﬁerﬂ#ﬁfse%afB%qu%n‘t‘Yﬁea§ﬁutJ{%‘ferpl%‘t‘%h?)"—u‘ie

respectively  than the first pressure waveform. - Tdgether HOOFBSSH Vahy
open the third gggogér%éwiggﬂgg geﬁ%éatlng' devices 118,120 provide the
required pressure waveform comprising a first, base cyclic

waveform having a second waveform of positive pulses of

higher frequency superimposed thereon. The oscillator 116

further comprises control circuitry 124 to control the

- amplitude, frequency and shape of the first and second

pressure waveforms developed by the waveform generating

devices 118,120, and accordingly the characteristics of the

superimposed pressure waveform.

The operation of the oscillator 116 will be described
in more detail hereinbelow. In this embodiment, each of
the fluid control valves 160 of the first and second
waveform generating devices 118,120 1is of the kind
described in relation to Figures 1 to 6.

In use, the oscillator 116 provides a pressure
waveform which comprises a first, base cyclic waveform (see
Figure 9(a)) having a second higher-frequency waveform of
positive pulses (see Figure 9(b)) superimposed thereon.
The required pressure waveform which comprises the two
waveforms superimposed is achieved by the summation of the
first and second waveforms. This superimposed waveform is
represented in Figure 9(c). Figure 9(a) illustrates the
pressure waveform which is developed by the first waveform
generating device 118 when the valve 160 of that device is
operated at a duty cycle of 1:1 and at continuous fixed
speed as described in relation to Figure 7(a). Figure 9(b)
illustrates the pressure waveform which is developed by the
second waveform generating device 120 when the valve 160 of
that device is operated at a duty cycle of up to typically
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openi ngs 23c,23a in the plate nenber 23. Wien the shutter plate 5 has

rot at:ed throggﬂ%ﬂgégven-eighth turn fromits original startigggﬁgégﬁégp t he

first and se tor- shaped openings 6a,6b in the shutte

correspond exactly with the third and first sector-shaped openings 23c, 23a
in the plate nenber 23. In this position, the first port 17 is in

comuni cation with the outlet port 35 and the second port 19 is vented to
air, with the second and fourth sector-shapsd -openi ngs 23b,23d in the plate
menber 23 being bl ocked of f by the second and first arm sections 5b, 5a of
the shutter plate 5. Thereby, the inlet of the blower is in communication
with the outlet port 35 and the outlet of the blower is vented to the
exterior of the valve. The shutter plate 5 continues to rotate in the
sanme direction apg:1hgtf ar sheadd teac aithedy rgmﬁejxortméa,aie ofpédd shuther

plate 5 progressively osg the fir and third sector-sh d_op ngs
23a,23c in the ﬁ?ﬁY% %é%ﬁ% éﬁﬁé&nﬂ%ﬂﬁ TIWHERSER 18ﬁu?$§%° g?é 52Rds
rot at ed throughwheﬂuthethﬂowéromftbhanéqund eave formy generabnng|dev1bas

COTRLELSE ST Y0, Blerh 0BG B plAAed, OB sty o iyl

menber 23 are a
revol ution of t&f ohlyt &0%plak etlss baeeowawetfomr deye lopiedc by stlmupleett o,

f I t th
or exanpl e, a yeplEbAh We Dl OMK eI IcAl 83 3ihakadkely enecsubfiathe

positive pressure si e negatiye pressure side o
bl ower. Ther ebyPTeSs¥He sHEY?EPrBIa?@ugdlsb@onﬁqhiﬁY € R at2d WBREPTTVe

and negative pr@éﬁé‘f@tiﬁgadéﬁé‘@t@impﬁ@i&{gatsﬁ%p%/ ah@lowkelretopehe S8tlet
Typically, of which is connected an "on-off" type valve for generating
the positive pulses. Figure 9(c) illustrates the pressure
waveform developed when the waveforms generated by the
first and second waveform generating devices 118,120 are

superimposed.

It will be understood that Figure 9(c) represents only
one example of the pressure waveform which can be achieved
by the oscillator 116 of the present invention. The
oscillator 116 of the present invention can, by controlling
each of the waveform generating devices 118,120, provide
any required shape of superimposed waveform. Examples of
the further waveforms which can be achieved, namely saw-
tooth, trapezoidal and square/rectangular, have been
described hereinabove.

It will also be understood by a person skilled in the
art that the amplitude and frequency of the component
waveforms generated by the waveform generating devices
118,120 will be selected according to the particular
ventilation requirements. However, in normal operation,
the frequency of the second higher-frequency pressure
waveform will usually be from 5 to 100 times higher than
that of the base waveform, and the amplitude of the second
higher-frequency waveform will usually be from 10 to 50% of
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- 20 - in the operation of the valve, the tine taken for the shutter
plate'5 to open and close the second sector-shaped opening 23b in the plate
menber 23 (t WO BHOPBI ve pressure cycle) may be set to be onl pChBbs/etzsn of
the tine taken for the shutter plate 5 to open and close the third sector-
shaped opening 23c in the plate nenber 23 (the negative pressure cycle), in
whi ch case the duty cycle would be 1:2. The duty cycle of the
valve, which 1s the tinme that the outl et pgié 35 is connected to the
positive pressure source in relation to th iTe that the outlet port 35 is
connected to the negative pressure source, corresponds to the Inspiration/
Expiration (I/E) ratio. In use, the duty cycle enployed may be between 10:1
and 1:10. A duty cycle of 10:1 is typically used in physiotherapy, where
such an I/E ratip imtates.the_coughing actiopn. A duty cycle of 1:3 is
typical ly used FﬁevéﬂP?FﬁPFﬁg°FhggguhﬁgeoYaﬁeg on suffering from asthma,
where a slow and controlled expiration is required. The val ve of the

resent invention al er m hape_qf for i.ed _t h
U1 ot port 35 to beldl PEMeAPSTA sAAe SPACEOF ORG: Pan or <t PEHoeHSgh 17
rotati on of thetbbutaxet pghate thelucisegliihtophasestbe rpreséendn ahvehsion,
shutter plate 5 opdi : tk ([ . @ ks ress es,
and the pressur S 5ECERE RNERG:bRA' B RS SpKELTHE BEpEHINERE 2 HETaRith
pressure wavef oFfs2viitEFR2an IR0 behrepdays] inamaMAnRtslation tesepique,
invention are spausqicdaly sgweiOnid), &fapgEgheale angregyare/ r ¢ehanadtabn

technique.
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Figure 7(a) illustrates a sinusoidal waveform which waveform can be

achi eved by operation of the valve at a duty cycle of 1:1, with the shutter
plate 5 oper YR} fi xed continuous speed. Figure 7(b) i BGEER®B0RRT,
saw tooth waveform which waveform can be achi eved by operation

- 21 - - of the valve at a 1:1 duty cycle, with the speed of rotation of
the shutter plate 5 during the positive and negative pressure cycl es being
increased to a maxi num at the md-point of 4-he positive/negative pressure
cycles and decreased at the same rate to the end of the

positive/ negative pressure cycles. Figure 7(c) illustgates_a trapezoi dal
wavef orm whi ch waveform can be achi eved by operationf g gl @%ﬁﬁég a
duty cycle of 1:1, with the speed of rotation of the shutmgﬁJéﬁhte thei ng
controlled such that at the begi nning and the end of &ke=pasiiive and
negative pressure cycles the speed of rotation of the shutter plate 5 is
kept high and d@i2iBSt he internedi ate phase of the positive and negative
pressure cycles the speed of rotation of the shutter plate 5 is slowed in
order to provide a period of constant pressure at the outlet port 35.
Figure 7(d) illustrhtes & G £FaFenrsrAlliRIcHR Rl iR vaRtidaker eYed
by operation ofphfeivyeheeapy ddiarnier céapeishad absyey aviariraHstgand

trapezoi dal vevelom expeptothal the bloser,le Sontiouned,te.devehop, .

shutter plate rotatable with regpect to said body and
adapted selectively to interconnect said inlet ports to
said outlet port, whereby said shutter plate is operable on
rotation in a single sense to connect alternately said
first inlet port to said outlet port and said second inlet
port to said outlet port.

2. A valve as claimed in claim 1 wherein, upon one
full rotation of said shutter plate, said first inlet port
is coupled to said outlet port, said second inlet port is
coupled to said outlet port, said £first inlet port is
coupled again to said outlet port and said second inlet
port is coupled again to said outlet port.

3. A valve as claimed in claim 1 or claim 2, wherein,
said body comprises a first body portion defining said
inlet ports and a second body portion defining said outlet
port.

4. A valve as claimed in claim 3 wherein said first
body portion defines two chambers, each in communication
with a respective one of said inlet ports, each chamber
having a respective opening, and said shutter plate
cooperates with said openings to effect connection of said
outlet port and said inlet ports.

S. A valve as claimed in claim 4 wherein each chamber

AR m!!fﬁiflﬁll\ﬂlllilllld
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a higher pressure than is actually required, that is an over-pressure,
wher eby the over-pressure provides for an instantaneous increase/ decrease
in pressure WO 9s/H®I3lesi red nmaxi muni m ni mum | evel in order torP@Tr/GBdsi@3for
the sharp transition edges of the square pulses. It will of course be
understood by a person skilled in the art that the above-descri bed
wavefornms could be achieved by duty cycles other than 1:1 by selectively

controlling the pressure devel oped by the ?éomer ve~of -t he
present invention can further be used to pf8vide a preskUleSHERTAS BRENN an
entirely positive or negative pressure regine. Thi sl caf™ HiFED, chlgved
by connecting one of a further positive or negative flurd M

- 22 - pressure source to the ventilator apparatus and operating the
val ve as descr bed bove to roduce t rlous wavef or. tern ively,
this can gghl gvgd O%?/n 1t atFY aH:e deD C%Fg‘s Fiu éﬁ# 3%%t or
appar at us |s t@ohae@psramajxnﬁetepqrtnta paidtouelpte$&ume|thprnhuﬁuer
rati o of the t e Si ur nnected t he
outl et port 35 n relx\@i&%c%% t % Hﬁéﬁ?g{:v\i %thie% ngﬁ]a rve pr esEsl’gr eﬁl'?e

source is conn@@t@ddﬁooﬁhéaédtN@ﬂVport 35 mould be |ncreased, and vice
versa for

6. A valve as claimed in clalm 4 or 5 wherein said
first body portion has a face wall portion having said
openings, said face wall portion having land portions
between said openings.

7. A valve as claimed in any of claims 4 - 6 wherein
said shutter plate is generally circular, has a central
axis of rotation, and defines at least two plate openings
for cooperation with the openings of said body, whereby
communication between said outlet port is established with
said inlet ports.

8. A valve as claimed in claim 7 wherein the body has
a circular flange upstanding around said face wall portion,
the depth of the flange corresponding substantially to a
thickness of said shutter plate, and the diameter of the
flange corresponding to that of the shutter plate.

9. A valve claimed in any of claims 6-8 wherein said
land portions are dimensioned and disposed so that in at
least one position of said shutter plate, communication
between said inlet ports and said outlet port is prevented.

10. A valve as claimed in any preceding claim
further comprising a shaft secured to said shutter plate,
for rotation thereof.

11. A valve as claimed in c¢laim 10 having an electric

—
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operation entirely in a negative pressure regine. The val ve of the
present invention yet further provides for operation in either _a continuous
positive or WYHANE pressure node. This is achieved by posikGFBHEPHPIEHe
shutter plate 5 in the above-descri bed one-eighth and five-eighth or
three-eighth and seven-eighth turn positions, whereby the outlet port 35
communi cates with the respective one of the inlet or «utlet of the blower.
Moreover, if necessary, the shutter plate gan_be ope aHg(tHE@-rﬁ (Q?&TI ating
mode, wherein the direction of the shutter plate 5 ig§ ; yer sed
to provi de connection to the positive and negative pL;m_ =W
In the manner of the known prior art. It will be understood that the
val ve of the present invention can find application not only in providing
an alternatlngdﬁggﬁgfg% tgégafgﬁg pressure source to a ventilator
apparatus, but can be enplo n many ot her applications, such as in a
resuscitation or phyS|otherapy apparatus where an alternating positive and

negative pressure soy Ce A §a1®Q@UL5CHIaimed inFERH® 18 whéxléltfﬁfsra%eaotoé

ventil at or appar at us
is a stepper motor.

Serbll. 0. L. SO

13, A valve as claimed in claim 11 wherein said motor

is a servomotor.

14. A valve as claimed in any of claims 11-13 further
comprising control circuitry for said motor.

15s. A valve as claimed in claim 14 wherein said
control circuitry has means for varying the relationship
between the time for which one inlet port is connected to
the outlet port and the time for which the other inlet port
is connected to the outlet port.

16. A valve as claimed in claim 14 or 15 wherein,
the control circuitry has means for varying the speed of
rotation of the shutter plate.

17. 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 alternating the pressure in the enclosure to produce
ventilation, said means comprising a positive fluid
pressure source, a negative fluid pressure source and a
valve comprising a body and a shutter plate, said body
having first and second inlet ports and an outlet port,
said shutter plate being rotatable with respect to said
body and adapted selectively to interconnect said inlet
ports to said outlet port, whereby said shutter plate is

operable on rotation in a single sense to connect
—
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i ncorporating an oscillator in accordance wth an enbodinment of the
present invention. The ventil ator apparatus includes an 102 .
for receivi nB{O:%é‘ PBunk of a patient. In this enbodi ment 1§J&S(Lé‘g&zda‘g]ﬁosure
102 conprises a base plate 104 on which a patient is provided and a cover

menber 106 of a generally flattened U shape which is Iocated over the trunk

of the patient. The cover nenber 106 has open ends [IT pass the
body of the patient. Each open end is provigled with & 108 in
the formof a pleated rubber curtain fixed to the sjdes menber
106. The cover nenber 106 is detachable fromthe base prate Ioa=BY qui ck

rel ease | atches 110 positioned on each |ongitudinal side of the cover
menber 106. A pair of air inlet/outlet ports 112 are provided in the

cover menber 1%6.@@%%@9;1,6 sfafie ¥RRSE qtmtt ’p%QhOEoOfsaB.Beo&%tLe%mport and The
ventil at or appar at us I ncludes, _an oscillator 116. The

osci | | at or 116S@G@pﬁe§@§dfPP%?taHBr§eE@nﬂabgeg%ﬁ¥%ﬁW%&%?orn1generatlng
devi ces 118, 120 which are each commonly connected by tublng 122 to the

encl osure 102. Each of the waveform enerat| devj ces 1 conprises a
bl ower 150 whi ch pr&@rdegpgaﬁ8§PFi%%r §§'tY9ﬁ ?fﬁF r%éqﬁ} qggche
and a fluid conrifr oa yaltient60 cmrigﬂlsimgcomeenediobara/eeﬁvn heecai.einQ:Saa
(negative press re Si and the p e d

t he bl ower 150 gﬁ%l e e&%:rt g% o#fseacé ?A%%e\eéﬁi/gﬁr vgga 6osalm Bbn

coupl ed togeth@msamdveodhemﬂe@emeatth@umabl@q p2eitévenandomegative gashe
enclosure 102. , 13 .03.al 164 nat Lue erodijienly e o ehragshsel@aree,the

val ves 160 may F'be connected separately to the ports 112 in the enclosure

102. The fi rstsa«m?«/éraém §emBF 4F 1 RF %&R% apggageRet BRE PR S c 158 hPeHur e
waveform The $RcARY Emeftorahd second inlet ports and an outlet port,

said shutter plate being rotatable with respect to said
body and adapted selectively to interconnect said inlet
ports to said outlet port, whereby said shutter plate is
operable on rotation in a single sense to connect
alternately said first inlet port to said outlet port and
said second inlet port to said outlet port.

19. Apparatus as claimed in claim 18 wherein the

pressure source comprises at least one blower.

20. Apparatus as claimed in claim 18 wherein the
pressure source comprises a single blower providing said
positive and said negative pressure sources.

21. Apparatus as claimed in any of claims 17-20
wherein upon one full rotation of said shutter plate, said
first inlet port is coupled to said outlet port, said
second inlet port is coupled to said outlet port, said
first inlet port is coupled again to said outlet port and
said second inlet port is coupled again to said outlet

port.

22, Apparatus as claimed in any of claims 17-21
o Gratms ~rmes

—
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- 24 - generating device 120 generates a pressure waveform of positive
pul sés of " hi quency and | ower anplitude than the first pressure

wavef orm T()Vg{gtsé\/"gggfhe—f ++st—and-—seecond-wavef orm generati ng 1?1%'6?59&0131118 120
provi de the required pressure waveform conprising a first, base cyclic

wavef orm havi ng a secdhdShA&mstbé 1RephccROSi tive pul ses of hi gher frequency

superi nposed t hereon. 116 further conprises control
circuitry 124 to contr m e, - f¥equency I first
and second pressure wa ed by the mavefo 1 devi ces

118,120, and accordingly the characteristics of thelsupe d
wavef orm The operation of the oscillator 116 w || De~desewiléd in
nore detail hereinbelow. In this enbodinent, each of the fluid contro

val ves 160 of wheréimSéaﬁlelﬁm}.dp'@t@Q{d’Q &e'ﬁ&%tt' Rbsd@MicneFheis, 48941 S
of the kind de crlbed n relation to res In use, the
oscillator 116 b?%% 5 Bo% sh?ecﬂHQiggrﬁ?mﬁ?&a eBhprEsBETE: fFr§?c°B§se

C]YCI i ¢ wavef or pog sesoriwheee &(aal)gd shﬁ:drfﬁ) mmwﬁ&;@mﬁ%%&&anﬁﬁ %Y@f orm
of positive pu s i gur.e erj.nposed t hereon e_req

pressur e mavef%?ﬁ?ﬁéigﬁrgo%%glse% ﬁ? o+ﬂ%e§mﬁé§?$$o§%ﬂg glrSt

achi eved by t hand ssraridposil tilasf whsreanellt.;hennm]qujartrr&s tbupled to
superinposed Wey£f O5iRiS port.

[

23. Apparatus as claimed in claim 22 wherein, in said
third position of said shutter plate, said outlet port is
substantially closed.

24. Apparatus as claimed in any of claims 17-23
further comprising a shaft secured to said shutter plate
for rotation thereof.

25. Apparatus as claimed in claim 24 further
comprising an electric motor for driving said shaft.

26. Apparatus as claimed in claim 25 wherein said
motor is a stepper motor.

27. Apparatus as claimed in claim 25 wherein said
motor is a servomotor.

28. Apparatus as claimed in any of claims 17-27
further comprising control circuitry for said motor.

29. Apparatus as claimed in claim 28 wherein said
control circuitry has means for varying the relationship
between the time for which one inlet port is connected to
the outlet port and the time for which the other inlet port

is connected to the outlet port. —
\

LU /]
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represented in Figure 9(c). Figure 9(a) illustrates the pressure waveform
whi ch is devel oped by the first waveform generating device 118 when the

val ve 160 of wig'gietiavi ce is operated at a duty cycle of 1:1 paficRbgo1s1?
continuous fixed speed as described in relation to Figure 7 (a). Figure 9
(b) illustrates the pressure waveformwhich is devel oped by the second
wavef orm generating device 120 when the val ve 160 of that device is
operated at a duty cycle of up to typically
- 25 - 100:1 at a speed ten tines greai?r-than sR&sdiAy BeERE val ve
160 of the first waveform generating device 118, ang %gml owef of the
second waveform generating device 120 is operated t de.ameret or m
havi ng an anplitude of only 20% of the base maveforn1deve|oped by the first
wavef orm generating device 118. Alternatively, the second pressure waveform
coul d be achi eved b§0a wApPPABRELgeAST althangledewncéllédﬁ“pr?%l% 3Pnphergin

bl ower to the QHE'%bn%&dM“d¥%d&ie¥¥"Ha§fﬁt&ﬁb"fchvi Per Nl ¥BebQr of
generating the positive pul ses ure 9(c) |IIustrates the pressure

wavef or m devel 6|§’§ét\?dﬁ§n°€5h§hﬁ/a§€’flégﬁ§ BéAk®at ed by the first and second
wavef or m generati ng devices 118, 120 are superl nposed. It will Dbe

understood that Figure 9(c resents
g31. g éara us as ai %ed. in any of claims 28-30

further comprising means for vary&ng the pressure of said

pressure source.

32. An oscillator for producing a pressure waveform,
comprising a waveform generating means for producing a
first, base cyclic pressure waveform having a second
pressure waveform of positive pressure pulses of higher
frequency superimposed thereon.

33. An oscillator as claimed in claim 32 wherein the
waveform generating means comprises at least one apparatus

in accordance any of claims 17-31.

34. An oscillator as claimed in claim 32, the waveform
generating means comprises a first apparatus in accordance
any one of claims 17-31 for producing the first pressure
waveform, and a second apparatus in accordance with any one
of claims 17-31 for producing the second pressure waveform.

RO O A
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one exanpl e of the pressure waveform which can be achi eved by the

oscillator 116 of the present invention. The oscillator 116 of the

present inveiw®e84%9%h, by control ling each of the wavef or m g8RECBOPHG7

devi ces 118, 120, provide any required shéﬁe of superinposed waveform

Exanmpl es of the further waveforns mﬁﬁw& | eved, nanely saw tooth,

t rapezoi dal and square/,‘%gt ti\lar . a1§ een%ﬁggg{ohbe P(iﬁ a?ﬁve.

It will also be und&sSivsgPyye ptegnational Byreay ony 1 Petoper %g e

anpl i tude and frequenc§riginak dnifselace clainsyls3R (oRa8ES My t he ‘

wavef orm generating devices 118,120 will be sel ected accord{@iﬁ%ﬁﬁﬁms BEEN !
-

particular ventilation requirenents. However, in normal opgrdlT Oggpthhloen i
frequency of the second higher-frequency pressure waveform Wd+4—-tsual |y be”

from5 to 100 tinmes higher than that qf .the base vef or nd the
anpl i tude of the sécof¥F gk@F- f“‘l"@%&'@ﬂ&%\%sor il ItourSQEﬂ ’SL%@rf rm 10

to 50% of hysiotherapy apparatus, comprising?8 body havimgafipirst uaked of
t he base waveform . I il e.fu S d.b Ll er son
in the art th&EPRE d84RM B%g}r%o%nghaeﬂ pér%é;%rﬁ | nve‘ntslspl(%n,a ¥nfleO6k! pEsLS

rotatable with respect to said body and adapted selectively
to interconnect said inlet ports to said outlet poxt,
whereby said shutter plate is operable on rotation in a
single sense to connect alternatel§ said first inlet port
to said outlet port and said second inlet port to said
outlet port, and said shutter plate is generally circular,
has a central axis of rotation, and defines at least two
plate openings for cooperation with the openings of said
body, whereby communication between said outlet port is
established with said inlet ports, and where said plate
openings are sector-shaped openings.

2. A valve according to claim 1, wherein said body
comprises a first body portion defining said inlet ports
and a second body portion defining said outlet port, and
said first body portion defines two chambers, each in
communication with a respective one of said inlet ports,
each chamber having a respective opening, and said shutter
plate cooperates with said openings to effect connection of
said outlet port and said inlet ports, and each plate
opening substantially corresponds with each chamber
opening.

3. A valve for controlling gas flow toc ventilator or
physiotherapy apparatus, comprising a body having first and
second inlet ports and an outlet port, and a shutter plate
rotatable with respect to said body and adapted selectively
to interconnect said inlet ports to said outlet port,
whereby said shutter plate is operable on rotation in a
single sense to connect alternately said first inlet port

o —__ AMENDED SHEET (ARTICLE 19)
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al t hough described in the specific enbodinent in relation to a cuirass, can
be employed in any ventilation technique, be it a positive or negative
pressure veRid dgaobaan techni que. PCT/GBI8(61317 -

Cl ai s 1. Avalve for controlling gag4f-low to ventilator or
physi ot herapy apparatus, conprising a body (3) having first (17) and second
(19) inlet ports and an outlet port (35), and a single shutpeﬁ Yoo
rotatable with respect to said body (3), said body (3) conprP§|{
body portion (7) defining said inlet ports (17,19) and a se ond
portion (9) defining said outlet port (35), and said first body portlon (7)
dgfl ni 39 t}l\oc&hgat)&r %jtf(%:l%é:l@ov%tea&ﬂdl aa.e_gmm&b@at i 3010 o tboﬁtresap&ratid/e one
of said inlet port sai d si.n tt

operabl e on ‘P‘b’%%ﬁ? o?fg’f"h aa’é‘% r@’é{%’e FYER gi setpgﬁo %‘S%’r%rf i nl et
port (17) a%ﬁﬁﬁh@e@mﬁi | Aheéetpopdrfd9)ard sai deoun&etqubyt B35 iorand
said single fter plat al. Ci axi s
of rotation, g%ﬁlal?' FF%gd(O?)rtl:]’teh g&éﬁ‘f-’@ é%{%gléa(\iaaﬁ I%g?f(éfgd{cﬁ nes at:
| east two pldaéﬁlmgnanltrm (Szaddrsnd exath cltrarrt;mmﬂ(\m%lqms Yif f & t her
openi ngs (23%@9&%“0&418& Whery S b Sl S ShilldiP el (Bavagnect s

one inlet

_"Q

&

respective opening, and said shutter plate cooperates with
said openings to effect connection of said outlet port and
said inlet ports, and said shutter plate is generally
circular, has a central axis of rotation, and defines at
least two plate openings for cooperation with the openings
of said body, whereby communication between said outlet
port is established with said inlet ports, and each plate
opening substantially corresponds with each chamber

opening.

4. A valve for controlling gas flow to ventilator or
physiotherapy apparatus, comprising a body having first and
second inlet ports and an outlet port and a shutter plate
rotatable with respect to said body and adapted selectively
to interconnect said inlet ports to said outlet port,
whereby said shutter plate is operable on rotation in a
single sense to connect alternately said first inlet port
to said outlet port and said second inlet port to said
outlet port, and wherein upon one full rotation of said
shutter plate, said first inlet port is coupled to said
outlet port, said second inlet port is coupled to said
outlet port, said first inlet port is coupled again to said
outlet port and said second inlet port is coupled again to

said outlet port.

5. A valve as claimed in claim 4, wherein said body
comprises a first body portion defining said inlet ports

and a second body portion defining said outlet port.
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(17,19) to said outlet port (35), the single shutter plate (5) connects the
respective other inlet port (17,19) to the outside of said valve. 2.

The val ve awoogsdiossy to claim 1, characterjsed in that said RGTIGRISOHAnber
openi ngs (23a-23d) are spaced such that~tpon one full rotation of said
single shutter plate (5), said first inlet port (17) is coupled.to said
outlet port (35), said second inlet port (19) is coupled t OFIS SHEED RS SEEN
port (35), said first inlet port (17) is coupled again tq sai dRGEACEDP port
(35) and said second inlet port (19) is coupled again to said outlet port

(35). 3. A wvalve according to claim]l or claim2, characterised in that
t he S|ngle shut t e YREYR §S)C ed\é P ARRT P ca¥p§rein said first body
- 28 - p§§§Q18ﬂeﬂéﬂﬂﬁe£ 6ewéghambeles, Aeadtilite compmmiidangont @ithny one

of clains , Characterised in.tha ai d_plat e_open 6a,6b) are
sect or - shapeHeSPERF hYS. °n85°g £21G,10 ga@SEEﬁFnSacgo hﬁﬂgeé ﬁ%Vl%$ 2cl ai ns
1- 4, charactegspedtive openingpaadd i eshupmsy pdate @ao@b):at:es with

said openings to effect connection of said outlet port and

said inlet ports.

7. A valve as claimed in claim 6, ‘wherein each chamber
has two openings, such that when said shutter plate
connects one inlet port to said outlet port, the shutter
plate connects the respective other inlet port to the

outside of said wvalve.

8. A valve as claimed in claim 6 or 7, wherein said first
body portion has a face wall portion having said openings,
said face wall portion having land portions between said

openings.

9. A valve as claimed in any of claims 6-8, wherein said
shutter plate is generally circular, has a central axis of
rotation, and defines at least two plate openings for
cooperation with the openings of said body, whereby
communication between said outlet port is established with

said inlet ports.

10. A valve according to claim 9, wherein said plate

openings are sector-shaped openings.

11. A valve according to claim 9 or claim 10, wherein each"
plate opening substantially corresponds with each chamber
opening.

12. A valve as claimed in any one of claims 9-11, wherein
the body has a circular flange upstanding around said face
wall portion, the depth of the flange corresponding
substantially to a thickness of said shutter plate, and the
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substantially corresponds with each further chanber opening (23a-23d). 6.
A val've according to any one of the preceding clains, characterised in that

said first bRgwskewesi on (7) has a face wall portion havi Ng Spiflchdsichio’
chanber openings (23a-23d), said face wagé-portion having |and portlons

(25a-25d) between said further chanber openings (23a-23d). eZs=—fyvabyve =

¢

according to claim6, characterised in that the body has a cj rét 'rfg }(ﬁ‘ggh i.

(22) upstanding around said face wall portion, the depth of t-he £l ange (22)
correspondi ng substantially to a thickness of said single shutter plate
(5), and the dianeter of the flange (22) corresponding to that of the
singl e shutt eligmedtes OF) the -Blange \crre spondidgnyot that avintheoshekaem 7,
characteri se&in Q._that said | and portions (25a-25d) are di nensi oned and
di sposed so At-0'n at | east one position of said single shutter plate (5),
comuni cation between said inlet ports (17,19) and said outlet port (35) is

prevent ed. , OG0, Yo N ecedrLngs el aLk
characteri se(}%i'n ?‘h\akfé%t\‘%e si ngle g’h%t?atrg}? 2 atgég 5% ?sggpe?g'%f?glgngéo ation
in a single déi¥k RFEIANS | L0 \Add, i)}ﬁ??%%ﬁ ds®i kBati hrertport

(17) and sai d esRonshd Nhekipobh b¥%)sdi@ Satnekurt | lapelt coglnication
between said inlet ports and said outlet port is prevented.
14. A valve as claimed in any one of claims 4-13 further
comprising a shaft secured to said shutter plate, for
rotation thereof.

15. A valve as claimed in claim 14 having an electric
motor for driving said shaft.

16. A valve as claimed in claim 15, wherein said motor is
a stepper motor.

17. A valve as claimed in claim 15, wherein said motor is
a sgservomotor.

18. A valve as claimed in any of claims 15-17 further

comprising control circuitry for said motor.

19. A valve as claimed in claim 18, wherein said control
circuitry has means for varying the relationship between
the time for which one inlet port is connected to the
outlet port and the time for which the other inlet port is
connected to the outlet port..

20. A wvalve as claimed in claim 18 or 19, wherein the
control circuitry has means for wvarying the speed of
rotation of the shutter plate.

21. Apparatus for use in the ventilation of the lungs of

a patient, comprising an enclosure for receiving at least
SEETS g oEeRE
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- 29 - 10. A valve according to any one of the preceding clains further

conprising a shaft (39) secured to said single shutter plate (5), for

rotati on the¥@8%¥49993 11, A val ve accordin

notor (37) f
11, characte
val ve accord
ser vonot or ..

conprising ¢
to claim 14,
for varying
(17,19) is c
ot her inlet

val ve accord

to claim10 havi ngPGRIGB3&817i C
or driving said shaft (39).72712. A valve according to claim

rised in that said nmotor (37) is a stepper noyURr=

HEOT A BEE
ing to claim11l, characterised in that said nmdtor é§5§iﬁéb£LLN

14. A valve according to any of clainms 11-13 further

ontrol circuitry for said nmotor (37). 15. A val ve according
haracterised.in that,said .control circuitr has neans
eﬁﬁuf %§§u¥?ﬁﬁﬁﬁp° e%REeHaFHEanﬁebﬂﬁyﬂMﬁQ4|%n@eﬁﬁﬁeﬁoﬁbrt
mﬂtecrt(na(dihg)tbheoupi-eﬁsmt i@Sﬁ}_handclaﬁdSlBoéth@ quH \y@bqgcgge
: : | nn to the.outl et _port (. . .
PR aLaabR), | 38N REREE | Bohligi8ihet | aPPbbstEive, b

‘

circuitry hapressugef grourgeyi gy négaspeedfdfiidopateismuref ddercd nghd ahutter

plate (5).

v%iveAQQ%ﬁﬁigiﬁé”auﬁgd§néﬂ&fXeQEhE@E&O$f§téﬁm%£f§gang
having first and second inlet ports and an outlet port,
said shutter plate being rotatable with respect to said
body and adapted selectively to interconnect said inlet
ports to said outlet port, wHerebyusaid shutter plate is
operable on rotation in a single sense to connect
alternately said first inlet port to said outlet port and
said second inlet port to said outlet port.

22. 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, a non-positive
displacement source of positive and negative gas pressure
and a valve connected to said pressure source, said valve
comprising a body and a shutter plate, said body having
first and second inlet ports and an outlet port, said
shutter plate being rotatable with respect to said body and
adapted selectively to interconnect said inlet ports -to

said outlet port, whereby said shutter plate is operable on.

rotation in a single sense to connect alternately said
first inlet port to said outlet port and said second inlet
port to said outlet port.

23. Apparatus as claimed in claim 22, wherein the pressure
source comprises at least one blower.

24. Apparatus as claimed in claim 22, wherein the pressure
source comprises a single blower providing said positive
and said negative pressure sources.

25. Apparatus as claimed in any of claims 21-24, wherein
e, WUEZE

e
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a patient, conprising an enclosure for receiving at |east the chest region
of the patient's body, and a neans for alternating the pressure in the

encl osure t r ventilation, said nmeans conprising a pQsidd { id
pressure soﬁ‘?g’ggﬂgﬁ?ﬁegative fluid pressugg.source and a val 33%?%&6%8 3illﬁed in
any one of clains 1 to 16. _ _ _)“___RI;,%_O& ,3,8
Apparatus for use in the ventilation of the |ungs of ?1@§§§%ﬁﬁﬁﬂﬁpﬁﬁﬁ!$lng

an enclosure for receiving at |east the chest region pf therppicant's body,
a non-positive displacenent source of positive and negarkve-gas—prﬁ§§ﬁTe

and a valve as defined in any one of claims 1 to 16. 19. Appar at us
according todﬂdﬁfﬂﬂé,f@bﬁfﬁéﬁﬁtiéﬁdofns&bQFshﬁ@t@feﬁﬁaié,SQ#i&ef§9§PF'SeS
at | east one bl.ower. 2Q. ar.at us accor |ng ho claim 18, characterised
in that the prESfurBoEburée % k0 S8t Ag PRt REWERCTS 0T R hgSeEPRe

positive and igdigt pRYal i¥ecpipled o Sl eatlet 3ort\) L8 Fligker ihbét
producing @ PSS S ABNEISl oSO S 849w oL 0cher aLig0 deats fof
wavef or m of piasldt wonr dss woapledsagadh hogbeid f ownleEmn@oersuper i nposed
t hereon, wherein the waveform
26. Apparatus as claimed in any of claims 21-25, wherein
said shutter plate has a first position where said first
inlet port is coupled to said outlet port, a second
position where said second inlet port is connected to said
outlet port and a third position intermediate said first
and second positions where neither inlet port is coupled to
said outlet port.

27. Apparatus as claimed in claim 26, wherein in said
third position of said shutter plate, said outlet port is
substantially closed.

28. Apparatus as claimed in any of claims 21-27 further
comprising a shaft secured to said shutter plate for
rotation thereof.

29. BApparatus as claimed in claim 28 further comprising an
electric motor for driving said shaft.

30. Apparatus as claimed in claim 29, wherein said motor

is a stepper motor.

31. Apparatus as claimed in claim 29, wherein said motor

is a servomotor.

32. Apparatus as claimed in any of claims 21-31 further
comprising control circuitry for said motor.

33. Apparatus as claimed in claim 32, wherein said control
R ——
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generating means conprises apparatus as defined in any of clains 17-20.

22. An oseillator according to claim?21, characterised in that the waveform
generating MR Bhprises a first appargfus as defined in BRY/GHIROGE7
claims 17-20 for producing the first pressure waveform_and a second
apparatus as defined in any one of clains 17-20 for prddnesrRgEERgASSSRRT
pressure waveform REPLACED :7

circuitry has means for varying the relationship between
the time for which one inlet port is connected to the
outlet port and the time for which the other inlet port is
connected to the outlet port.

34, Apparatus as claimed in claim 32 or 33, wherein the
control circuitry has means for varying the speed of
rotation of the shutter plate.

3S5. Apparatus as claimed in any of claims 32-34 further
comprising means for varying the pressure of said pressure

source.

36. An oscillator for producing a pressure waveform,
comprising a waveform generating wmeans for producing a
first, base cyclic pressure waveform having a second
pressure waveform of positive pressure pulses of higher
frequency superimposed thereon.

37. An oscillator as claimed in claim 36, wherein the
waveform generating means comprises at least one apparatus
in accordance any of claims 21-35.

38. An oscillator as claimed. in claim 36, the waveform
generating means comprises a first apparatus in accordance
any one of claims 21-35 for producing the first pressure
waveform, and a second apparatus in accordance with any one
of claims 21-35 for producing the second pressure waveform.
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