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PRESENT | NVENTI ON The present invention relates to punps and no et’ AS
particularly but not exclusively to air operated punps to nove liquid,
including Iiquid having suspended solids (sludge). The invention also
pertains to a'control valve and nore particularly to a control valve in |
whi ch the comypifigggal ball and spring detent nechanlsn1|s_reﬁlaced wth a
polymeric O-ring or rings. The invention al so relates to BfY ﬂﬂ?ﬁ“ :
enpl oyed in air operated punps to nove |iquid. BACKGROUND CF THE | NVENTI ON
conpressed air operated punps are known LD]QDnSISt of reciprocating dual

di aphragns | ocated within a 3 anbers are serviced
by cast netal manifolds. The oye evi ously known punps
is [err] which is of a major s - e—A Nt nmust be

manhandl ed. This proﬂiheemeﬁ@temgm‘wareldtasnta:pumpeaaidaloeasanstmnharas it nes.
Control valves sitthexaruss@indbeiy dhyRsedbing th Hobd!deqdd POSd1Ldivg 1hQgat i ng

devi ce or detent h g device or detent nechanism
p05|t|vely orlenhtgﬁtﬁ %@bﬁﬁ%d wﬁdé? q@ of the valve W|th respect to the

sl eeve or val ve body. EPMVS?“SH P‘?pﬁ’eﬁfﬂiés \F91 3/ BN TEQd nYRd Ye apd more

particularly to a control valve in which the conventional ball and spring
detent mechanism is replaced with a polymeric O-ring or rings.
The invention also relates to diaphragms emplioyed in air operated

(A

pumps to move liquid.
BACKGROUND OF THE INVENTION
-ompressed air operated pumps are known to consist of reciprocating

~ dual diaphragms located within a metal pump body. The pump chambers are

serviced by cast m=tal manifolds. The overall weight of these previously

known pumps is cc .iderable which is of a major disadvantage where the

unit must be manhandled. This problem is exacerbated in cramped areas

such as mines. .

Control valves such as spindle valves often include a positive

locating device or détent mechanism. The locating device or detent

- mechanism positively orients the shaft or spindle of the valve with
respect to the sleeve or valve body. Prior art spindle valves tended to
jam because the steel balls of the detent mechanisms were susceptible to
wear, the wear pattern increasing the likelihood of jamming between the
shaft and the sleeve or body of the valve.

Compressed air operated pumps are known to consist of reciprocating
Jual diaphragms located within a metal pump body. The pump chambers are
serviced by_manifolds. For example, such a pump is described in USA
patent 4,238,992.

The pump described in the abovementioned USA patent suffers from
the disadvantage that the diaphragms fail at an unacceptably low number
of cycles.

OBJECT OF THE INVENTION
It is the object of the present invention to overcome or
substantially ameliorate at least one of the above disadvantages.
SUMMARY OF THE INVENITON
There is disclosed herein a pump comprising:
a pump body formed of plastics material and providing a pair of




X,

*.j am because the steel balls of the detent mechani sns were susceptible to
«wear,; the wear pattern increasing the likelihood of janm ng between the
shaft and the sleeve or body of the valve. Conpressed air operated punps
afe known to consist of reciprocating dual diaphragns |located within a °
nmetal punp body. The punp chanbers are serviced by manifolds. For exanple,
such a punp is described in USA patent 4,238,992.  The punp described in the
abovenentioned USA patent suffers fromthe disadvantage that the di aphragns
fail at WOBME®Eept abl y | ow nunmber of cycles. OBJECT POFATOBZOPGSYENTI ON It is
t he object of the present invention to overcone or substantially aneliorate
at | east one of the above di sadvantages. SUMVARY OF THE | NVENI TON There s
di scl osed herein a punp conpri sing: %unp body formed of plastics nateri al
and provi di regresiggpympoFhamberspgp 93/ 18305

PCT/.AU93/ 00086 - 2-patppd$iexgblppupp ehephizgns mounted in the pump body, each

diaphragm being associated with a respective pump chamber so as to divide
its pump chamber into a pumped fluid sub—chamber and a working fluid
sub-chamber;

connecting rod means coupling the diaphragms so that they
reciprocate in unison to vary the volume of the sub-chambers upon the
flow of working fluid to or from the working fluid sub-chambers;

valve means to co-ordinate the delivery of working fluid under
pressure to the working fluid sub-chambers to cause reciprocation of the
diaphragms;

a pair of .first.one-way valves, each associated with a respective
pumped fluid sub-chamber permitting delivery of fluid to its associated
pump chamber;

a pair of second one-way valves, each associated with a respective
pumped fluid sub-chamber permitting the fluid to be pumped to flow from
the respective sub-chamber; and '

a pair of manifolds, each manifold being associated with a
respective pumped fluid sub-chamber, each manifold being of a unitary
construction of plastics material and having a first duct communicating
with the associated first valve, and a second duct associated with the
respective second valve of the associated pumped fluid sub-chamber.

There is further disclosed herein a spindle valve comprising a

- spindle shaft which siides within a cylindrical body, the body having a
plurality of ports which cooperate with machined portions of the spindie
shaft, the shaft also comprising two or more locating grooves, the body
including at least one internal groove in which is located an O-ring.

The O-ring allows the spindle shaft to slide axially and rotate within
the spindle body. When the O-ring is situated around one of the locating
grooves on the spindle shaft, interference between the O-ring and the
shaft axially stabilizes the sbindle shaft until such a time as the axial
position of the shaft is changed by the application of some external
force.

There is further disclosed herein a pump diaphragm formed of
resilient material and comprising: ' )

a central portion for attachment to a piston;

a peripheral portion for attachment to a housing generally
surrounding the piston;



L :

“a pair of flexible punp diaphragns nounted in the punp body, each di aphragm
+pei ng associated with a respective punp chanber so as to divide its punp
chantfer into a punped fluid sub-chanber and a working fluid sub-chanber
connecting rod means coupling the diaphragns so that they reciprocate in
unison to vary the volune of the sub-chanbers upon the flow of working
fluid to or fromthe working fluid sub-chanbers; valve neans to co-ordinate -
t he delivery_of king fluid under pressure to-the working fluid
sub- chanber sw&?ﬁgg{fée reci procation of the diaphragns; a §fdf4UB{00p§6 st
one-way val ves, each associated with a respective punped fluid sub-chanber
permtting delivery of fluid to its associ ated punp chanber; a pair of

second one-way val ves, .each associated with a respective punped.fl uid
sub- chanber pernitti A LHEmd] iﬁed"ngﬂé%fﬂﬁf)éﬁle tCB"*E'Fb\RP‘?tF?fﬁ?ﬁ%er?@?Bae]ct ive
sub- chanber; andpoatieal endf mani fol ds, each manifol d being associated with a
respective punped fl Hinde SidinsCiraningrthe ciacdrnedatd pbrdidnewity thé canttni tary '
constructipon of &L?i%tiaﬂﬁlo?%ﬁrpie@%phﬁgqj gdAM4bng a first duct communicating

ve, and.a s

wi th the associated [irst Y2 , econd duct .associated with_the
respective second val\PE€@P ’h@ea‘i?gﬁ'éi, FPEYC dﬁ}fgda Ff'[fl"iars‘ifﬂ-’@ﬂ'éarjf‘b%’r Mrher e
i s further disclisedripbemal ogtispiiadifean annyarcentpiausitigp-a The hinge means
includes two annular hinge portions, a first one of the hinge portions
connecting the intermediate portion with the peripheral portion, and the
other hinge portion'connecting the central portion and the intermediate
portion. ' )

Preferably, the hinge means serves to reduce deformation-generated

heat stress. _ - _
BRIEF DESCRIPTION OF THE DRAWINGS
Preferred forms of the present invention will now be described by
. way of example with reference to the accompanying drawings wherein

Figure 1 is a schematic part sectioned view of a pump operated by
air under pressure;

Figure 2 is a parts exploded perspective view of the valve employed
in the pump of Figure 1;

Figure 3 is a schematic assembly of the valve of Figure 2, inside
elevation;

Figure 4 is a plan view of a sbind]e valve according to the
teachings of the present invention;

Figure 5 is a plan view of the spindie valve depicted in Figure 4,
partially cross séctioned to show the location of the internal groove,
O-ring and locating grooves; :

Figure 6 is a schematic part sectioned side elevation of a pump
diaphragm and pump piston; and

Figure 7 is a schematic plan view of the diaphragm of Figure 6.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
‘In Figs. 1 to 3 of the accompanying drawings there is schematically
depicted a pump 10 which uses compressed air as a working gas to pump
liquids such as sludge.

The pump 10 has a pump body 11 which at least partly encloses a
pair of opposing pump chambers 12 and 13. Mounted in the body 11 are &
pair of flexible diaphragms 14 and 15 which divide their respective
chambers 12 and 13 into sub-chambers 16 and 17 and 18 and 19. The
chambers 16 to 19 are effectively closed apart from openings which permi:



¢ spi.ndl e shaft which slides within a cylindrical body, the body having a
«plurality of ports which cooperate with machi ned portions of the spindle
shaft, the shaft also conmprising two or nore |ocating grooves, the body
i ncluding at | east one internal groove in which is located an Oring. The

Oring allows the spindle shaft to slide axially and rotate within the
spi ndl e ‘body. When the O-ring is situated around one of the | ocating

grooves on hWigofipispsl € shaft, interference between the O he shaft
axially stabili268 1he spind e shaft until such a time ab )%g”g’%%‘%
position of the shaft is .changed by the application of sone external force.
There is further disclosed herein a punp-diaphragm formed of resilient
material and conpd irfdw"& a FASRY Filid ARk tal PlufdObeind tpﬁ:ﬁﬂ@?fnt to a piston; ha
Bf‘;'tggera' bo tgg;).?_B];E%r%en%”gabcqueeeqtthgOc.ﬁéa.phpa(t)glﬁllgllﬂgangeﬂe{saa SniedEinRy e 9 the
PCT/ AU93/ 00086 ¥Bich isnconpactediqieaghedigeiiragmoif pod h by & RBngeAtse®IYAdrti on and

peri pheral portion; tapated at each longitudinal end of the pump 10 are manifolds 22
which each provide an inlet duct 23 and an outlet duct 24 for the
sub-chambers 16 and 18. Each duct 22 and 23 has an associated valve
assembly 25 which restricts movement of the pumped liquid in one
direction through the pump 10. For example; each outlet duct 24 has an
associated valve'assembly 25 which prevents reverse movement of the
pumped 1iquid back into the associated chamber 16 or 18. Similarly the
inlet ducts 23 each have an associated valve assembly 25 which permits
Tiquid to enter the sub-chambers 16 and 18 but prevents pumped liquid
flowing in the reverse direction with respect to the inlet ducts 23.

Each inlet duct 23 communicates with a2 primary inlet 26 while each
outlet duct 24 communicates with a primary outlet-27.

Extending from each sub-chamber 17 and 19 is a working fluid duct
28 which provides for the passage of compresséd air to and from the
sub-chambers 17 and 19. The ducts 28 extend to a spool valve assembly 2¢
‘which co-ordinates the delivery of compressed air and the exhaust of air
from the sub-chambers 17 and 19 so that the diaphragms 14 and 15 are
caused to reciprocate to vary the volume of the sub-chambers 16 and 19 tc
move pumped liquid through the pump 10.

The spool valve assembly 29 includes a spool 30 which reciprocates
longitudinally of its axis to alternatively connect each duct 29 with a .
source of pressurised air, or alternatively an exhaust. The spool 30 is
caused to reciprocate by the delivery of compressed air, via passages 31
and 32 to the ends of the spool 30. Each passage 31 and 32 communicates
with a valve assembly 33. It should be appreciated that there is a valve
assembly 33 associated with each sub-chamber 17 and 19. Each valve '
assembly 33 includes an actuator 34 which is engaged by the diaphragm 14
and/or flange assembly 21.to move .a valve stem 35. The valve stem 35
extends between both valve assemblies 33 so as to be coupled to each
actuator 34. The valve assembly 33 operatively opens or closes the
assotiated passages 36 to deliver compressed air to the passages 31 and
32, or alternatively connect them to an exhaust. Since the actuators 34
are connected, the delivery and exhaust of the compressed air with
respect to the passages 31 and 32 is co-ordinated so that the diaphragms- .-
14 and 15 are reciprocated.



*hinge neans joining the intermediate portion with the central portion
-and/ or the peripheral portion. Preferably, the central portion is of a
circular configuration and the peripheral portion is of an annul ar _
configuration. The hinge neans includes two annul ar hinge portions, a first
one of the hinge portions connecting the internediate portion with the

peri pheral portion, and the other hinge portion-connecting the central .
porti onWaMF/18MS i ntermedi ate portion. Preferably, theciAos2oo0sans serves to
reduce deformation-generated heat stress.. BRI EF DESCRI PTI ON OF THE DRAW NGS

Preferred forns of the present invention wll now be described by way of
exanple with reference to the accqnﬁaﬁying drawi ngs wherein Figure 1 is a
schematic part S$¥dtyadmedssemely & inclylesa wipge alad Iyamli 3 vaivdestopr essur e;
Figure 2 i'ssa [Ta¢ tassems oU6dinpRIISPE HihgsCp k€W Qhd hies ¥2kyosaPARYEd in the

punp of Fi OHER slrethﬂwt% 3?7 ' gnth PeRL! & m%fm hvé P%p :?a| yfy of Figure

ve according

2, inside evat
to the tea?Hf‘%e §a]3F 3t9hé' ?ﬂsé'g@ﬁt lf eeﬁﬁ E)'?f]“qﬂlcbﬁfeprsgu‘ée +ath8I HA%%i ew of t he
spi ndl e \/aIWPéVQjéﬁnP¢YQ§a torexpasguaretajciose the valve opening 43. An "O-ring"
" may be provided for good sealing contact.

The above described pump 10 has its larger items manufactured from
plastics material, preferably nylon. To permit construction of the pump
10 of nylon, it has been discovered that the manifolds 22 need to be of a
unitary construction of nylon. Preferably the other major items of the
pump such as the pump body 11 are also manufactured of nylon.

As shown in Figure 4, a spindle valve 110 comprises a spindle shaft
111 and a valve body or sleeve 112. The valve bbdy has a series of ports
113 located along a longitudinal axis 114.

As shown in Figure 5, the spindle shaft 111 further comprises wide
circumferential machined portions or grooves 115 which, according to
their axial position within the sleeve 112, determine which ports 113 are
in fluid communication.

In operation, the axial position of the spindie shaft 111 is ~
changed between two or more positions, thus providing at least two flow
characteristics for the valve. The axial position of the spindie shaft
111 should remain stable until it is acted upon by an external force. In
prior art devices, this axial stability was provided by a steel ball
located within a radial bore in the spindle body or sleeve 112. The bali
was urged toward the spindle shaft 111 by a spring.

" In the present invention, the spring and ball detent mecharism is
replaced by O-rings 113. The O-rings 116 rest within respective grooves
117 which are formed into the internal diameter of the valve body 112.
Thus, the O-rings 116 protrude into the central bore of the valve body
112.

The spindle shaft 111 is fabricated to include zt least two
circumferential locating grooves 118 at each end of the shaft. The
circumferential grooves 118 are preferably radiused so that they presen:
no sharp corners to the O-rings 116 when the groove 118 is located withi-
the respective O-ring 116. Thus, the spindle shaft 111 will remain in z
particular axial position until it is acted upon by an external force.

It has been found that the use of an O-ring, particularly a
neoprene O-ring is particularly wear resistant and provides a positive



=panfially cross sectioned to show the |ocation of the .i.nternal groove,
O-ring and | ocating grooves; Figure 6 is a schematic part sectioned side

el evation of a punp di aphragm and punp piston; and Figure 7 is a schematic
pl‘an view of the di aphragm of Figure 6. DETAI LED DESCRI PTI ON OF THE

PREFERRED EMBODI MENTS In Figs. 1 to 3 of the acconpanying drawi ngs there is
schematical ly depicted a punp 10 which uses conpressed air as a working gas
to punp |iquids such as sludge. The punp 10 has-a punp body 11 which at

| east partly encloses a pair of opposing punp chanber spd?aesmoobssz Mount ed
in the body 11 are a pair of flexible diaphragns 14 and 15 which divide
their respective chanbérs 12 and 13 into sub-chanbers 16 and 17 and 18 and

19. The chanhers 16 to 19 are efféctivepy'closed apart from openi ngs which
[err] WO 9oBcafipgf the spindle shaft 111 with respect to the valve body 112.

PCT/ AU93/ 0008#khen 4the tshindlié @afaf 112 MOdHAhdRg firbmibsk potdtsdn!toGdabthebaialg punped.
A ending petaenriad f ARHAY I & BRE0NFnd S Rp AN NREN IR0 0AG 20 which TS
SR %%Eé‘eddvh%?ré‘ nc]aflﬁ'neapo(gat]ing g ooees lH%n e assembly '

In Figs. 6 and 7 of the accompanying drawings there is
schematically depicted a pump diaphragm 210 coupled to a pump piston
assembly 211. The diaphragm 210 is formed of flexible material such as
plastics or rubber (natural or synthetic). The piston assembly 211
includes a shaft 212 terminating with a flange 213. The flange 213
cooperates with a disc 214, via threaded fasteners 215, to securely

- engage a central circular portion 216 of the diaphragm 210. The annular
peripheral.portion 217 of the diaphragm 210 is fixed to the pump housing,
via apertures 218. The peripheral portion 217 is stationary and the pump
assembly 211 is reciprocated thereby causing flexing of the intermedizte
portion 219 of the diaphragm 210.

Connecting the intermediate portion to the central portion 216 znd
peripheral portion 217 are resilient hinges 220 and 221.

The above discussed hinges 220 and 221 are of an annular
configuration and permit the diaphragm 210 to be formed of a more
inflexible material which is more tolerant to the stresses to which the
diaphragm 210 is subjected. For example, the diaphragm can be mads from
a synthetic resin polymer sold under the registered trademark Nytrol.

The hinges 220 and 221 also permit a thinner diaphragm to be used whic-
again reduces the bending stresses within the diaphragm 210.



: Located at each longitudinal end of the punp 10 are manifol ds 22 which each
~provide an inlet duct 23 and an outlet duct 24 for the sub-chanbers 16 and
18. -Each duct 22 and 23 has an associ ated val ve assenbly 25 which
restricts nmovenent of the punped liquid in one direction through the punp
10. For exanple, each outlet duct 24 has an associ ated val ve assenbly 25

whi ch prevept s, rse novenent of the punped |iquid back_into the
associ at'ed char%§¥0%16 or 18. Simlarly the inlet ducts BE/AUI0006, e an

associ ated val ve assenbly 25 which permits liquid to enter the sub-chanbers
16 and 18 but prevents punped liquid flowpng in the reverse direction with
respect to the inIeE‘H ts 23. Each inlet duct 23 conmunicates with a
primary inlet 26 wh ‘fach outl et duct 24 communicates with a prinmary
outl et 27. Extendind- f romMmaomPda9¢hanber 17 and 19 is a working fluid
duct 28 whi ch provi dgumf bodyt foemglasss ppatiak materpiesskbdraxiding @ paid dfr om t he
aﬁb-ﬁhanberg 170p86%dnd Bump dHAfbediict s 28 extenddto a spool valve assen?ly 25

i ch co-ordinates . l.yeLy. o onpressed ai.r e ust of air
fromthe sub-chanbe% gfgséﬁﬁﬁiées%mﬁhé.”Tﬁ@‘&?%ﬁﬁ?ggﬁéggﬁm%ﬁ 16%%?e caused
to reciprocate 418Phyagmbaing ageriated ol th yaespgptive RHPRFRATRES $has 19 dikiddpve -
punped |iquid tits qugh chdmberpintp al fumpdd €118 p cab-chiaibee aad sevobkipg Z9uidncl udes a
spool 30 which ggchiiresates longitudinally of its axis to alternatively

connect each duct 29 W th a source of e%%u‘{iia&(;ggmgi Lo t%le}; ernatively an

] r
exhaust. The spool opfeg.g 7 rod means eSup1 g '
reciprocate ir. .nison to vary the volume of the sub-chambers upon the

flow of workir - fluid to or from the working fluid sub-chambers;

valve means to co-ordinate the delivery of working fluid under .
pressure to the working fluid sub-chambers to cause reciprocation of the
diaphragms;

a pair of first one-way valves, each associated with a respective
pumped fluid sub-chamber permitting delivery of fluid to its associated
pump chamber; .

“a pair of second one-way valves, each associated with a rz_pective
pumped fluid sub-chamber permitting the fluid to be pumped to flow from
the réspective sub~chamber; and :

a pair of manifolds, each manifold being associated with a
respective pumped fluid sub-éhamber, each manifold being of a unitary
construction of plastics material and having a first duct communicating
with the associated first valve, and a second duct associated with the
respective second valve of the associated pumped fluid sub-chamber.

* 2. The pump of ctaim 1 wherein each of said first and second
one-way valves comprises hinge plate means to selectively cover/uncover
an associated valve opening. ' -

3. The pump of claim 1 wherein said valve means to co-ordinate
the delivery of working fluid under pressure comprises a spool valve
which reciprocates longitudinally of its axis.

4. A pump substantially as hereinbefore described with reference
to the accompanying drawings. _

5. A spindle valve comprising a spindle shaft which slides withir
a cylindrical body, the body having a plurality of ports which cooperats
with machined portions of the spindle shaft, the shaft also comprising
two or more locating grooves, the body including at Teast one internal
groove in which is located an O-ring.

—_—

I

Py )



e
“caused to reciprocate by the delivery of conpressed air, via passages 31
and 32 to the ends of the spool 30. Each passage 31 and 32 communi cates
with a valve assenbly 33. It should be appreciated that there is a valve
assenbly 33 associated with each sub-chanber 17 and 19. Each val ve
assenbly 33 includes an actuator 34 which is engaged by the di aphragm 14
and/ or fl angeWaB88#5y 21 to nove a valve stem 35. The vaoIZABI32000835
ext ends between both val ve assenblies 33 so as to be coupled to each
“actuator 34. The val ve assenbly 33 operatively opens or closes the _
associ ated passages 36 to deliver conpressed~air to the passages 31 and 32,
or alternatively connéct ThRestindde yalvexdfatisim 5Sheesdn tive cxoopatioradi®4s ar e
connect ed, the dejroaves arandcatxhatshchobndt bfe tiROSHAFE,S SRwiRkEinVtHeboggspect to

t he passages 31 apd [ [ t t ' r 14 and 15 are
r eci brocated, V\Dluggs/ ':?_§?l)8%‘tocfng N34 GRS R L PBdvel 0o flh ARG RORe

PCT/ AU93/ 00086 - 5- Eai’h %W@d’&@émvsﬁ@tiw G L& "MRT AP 5 EbRY ¥8thand a
val ve stop 40. TREersaeitbERe dgcempanyiay dredngs- hi nge plate 41 and nuts 42 to
cooperate with screw 8.nser punp Itaphrigmefdringtige’ pdsalient hat@C4lr &R tdmprikddgve st op
ﬁionggd hi nge val ve 39, icE‘ni.:PQﬁH\jt%.féJnﬂQﬁchhm #of lpyerage of pressure, the
a peripheral portion for attachment to a housing generally
"~ “surrounding the piston; )
an intermediate portion joining the central portion and peripheral
portion; and
hinge means joining the intermediate portion with the central
portion and/or the peripheral portion.
9. A diaphgram substantially as hereinbefore described 'with
reference to the accompanying drawings.
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- valve 39 pivots to expose or to close the valve opening 43. An "Oring" may

~be provided for good sealing contact. The above described punp 10 has its
| arger itens nanufactured fromplastics material, preferably nylon. To
permt construction of the punp 10 of ®ylon, it has been di scovered that
the mani folds 22 need to be of a unitary construction of nyl on. Preferably
the other mgjor itens of the punp such as the punp body 11 are also
manuf actured of nylon. As shown in Figure 4, a spindle valve 110 conpri ses
a spindle shaft 111 and a val ve body or sleeve 112. The val ve body has a
series of ports 113 I As shown in
Figure 5, the spindle gﬁ@?ﬁ ?%@P@&E@r@pﬁ% rcumc erenti al
machi ned portions or grooves 115 which, according to thelr axi al position
within the sleeve 112, determ ne which ports 113 are in fluid
COMUNIABNTRACT! N operation, the axial position of the spindle shaft 111 is
changed between two or nore positions, thus providing at |east two flow
characteristics for the valve. The axial position-of the spindle shaft 111
should remain stable until it is acted upon by an external force. In prior
art devi ces A pump (EQ)ibak apusipi bddyy(l\l\hwhiahcavledstcpabs}y encloseeh pairl df dpposihgd
within a radial bore in the spindle bod sl eeve 112. The ball was urged
t ovar e cbamhes €12t (13 1Msyntedsp thengndy! (4 1) ave spaiisof foxibo dinphuagms (16

spring and_bal|_ detent nechanismis
and 15) which divide the respective chambers (12 and 13) into sub-chambers (16, 17, 18 and

19). Extending between the diaphragms (14 and 15) is a connecting rod (20) which is
connected to each diaphragm (14 and 15) by a flange assembly (21). Located at each
longitudinal end of the pump (10) are manifolds (22) which each provide an inlet duct (23) and
an outlet duct (24). Each duct (23) and (24) has an associated valve assembly (25) which
restricts movement of the pumped liquid in one direction through the pump (10). Also
discloséd is a control valve (29) with a spool (30) having encircling grooves cooperating with
detents consisting of O-rings located in corresponding internal grooves in the valve body, and
 a circular diaphragm having central, intermediate and peripheral portions interconnected by
resilienf annular hinges.
Fig. 1



?ﬁﬁaced by Orings 115. The Orings 116 rest within respective grooves 117
‘'whi ch are fornmed into the internal dianeter of the valve body 112. Thus,
the O-rings 116 protrude into the central bore of the valve body 112. The
spindle shaft 111 is fabricated to include at |east two circunferential

| ocating grooves 118 at each end of the shaft. The circunferential grooves

.corners to the

118 are pre{ywyahlgyys’ adi used so that they present no -sharp.
O-rings 116 when the groove 118 is located within the rd&Jet¥3(A2086 [ ng

116. Thus, the spindle shaft 111 will remain in particular axial position,
until it is acted upon by an externa}3force. It has been found that the use
of an Oring, particularly a neoprene Oring is particularly wear resistant
and provides a positive PCT/ AU93/ 00086 -6 - |locating of the spindle
shaft 111 with respect to the valve body 112. When the spindle shaft 111 is
changed fromone position to another (as illustrated in Figizes 4 and 5)
the O-rings conpress unQ | once again |ocated wthin one o he | ocati ng

grooves 118. In Figs. G?d 7 of the acconpanyi ng draw ngs@'ere S
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schematically depicted a punp di aphragm 210 coupled to a punp piston
¢ assenbly 211. The di aphragm 210 is forned of flexible material such as
-plastics or rubber (natural or synthetic). The piston assenbly 211 incl udes
a shaft 212 termnating with a flange 213. The flange 213 cooperates with a
disc 214, via threaded fasteners 215, to securely engage a central circular
portion 216 of the di aphragm 210. The annul ar peri pher %gﬁgqt|%$W217 of the
di aphr agm #403y183d5i xed to the punp housing, via apertur B/o
peri pheral portion 217 is stationary and the: punp assenbl'y 211 is
reci procat ed thereby causing flexingggf the internediate portion 219 of the
di aphragm 210. Connecting the inter iate portion to the central portion
216 and peripheral portion 217 are resilient hinges 220 and 221. The above
di scussed hinges 220 and 221 are of an annul ar configuration and permt the
di aphragm 210 to be formed of a nore |ane dé?lal which is nore
tolerant to th s subjected. For.

ses to which the dlap

exanpl e, thejdijaphragm be made from a synthetlc resin polymer sold
mark Nytrol. The hinges 220 andf%él also permt a
stresses

under the regi$tered trade
t hi nner di aphr

within the dia

_.3§gain|;§km the bendl”
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'PCT/'/AUQ3/ 00086 -7 - CLAIMS: 1. A punp conprising: a punp body formed of

pl astics material and providing a pair of opposing punp chanbers; a pair of
fl exi bl e punp di aphragnms nmounted in the punp body, each dlaphragn1being
associated wth a respective punp chanber so as to divide its punp chanber
into a punped ffuid sub-chanber and a working fluid sub-chanber. [err] rod
nmeans coupllng t he dlaphragns so that they reciprocate [err] to vary the -
vol ume of t hWOSMIEWRanbers upon the flow of workir fl uidRGI7A93100886 t he
wor king fluid sub-chanbers; valve nmeans to co-ordinate the delivery of
working fluid under pressure to the wey king fluid sub-chanbers to cause
reci procation of the diaphragns; a pair of first one-way val ves, each
associated with a respective punped fluid sub-chanber pernitting delivery
of fluid to its associated punp chanber; a pair of second one-way val ves,
each associated with a respective punped fluid sub-chanber permtting the
fluid to be punped to flow fromthe respective sub-chanber; and




.apair of manifolds, each nmanifold being associated with a respective

* punped fluid sub-chanber, each manifold being of a unitary construction of
plastics material and having a first duct communicating with the associ ated
first valve, and a second duct associated with the respective second val ve
of the associated punped fluid sub-chanber. 2. The punp of claiml
wherein each of said first and second one-way val ves co i i nge plate
means to s¥MQRWHIBHS| y cover/uncover an associated val ve %@3@%3“"% The
punp of claim1l wherein said valve neans to co-ordinate the delivery of
working fluid under pressure conprisefsa spool valve which reciprocates
longitudinally of its axis. 4. A punp substanti+ally as herei nbefore
described with reference to the acconpanyi ng draw ngs. 5. A spindle val ve
conprising a spindle shaft ich slides within a cylindrical body, the body
having a plurality of port ich cooperate with machined portions of the
spi ndl e shaft, the SE@%{__ conprising two or nore |l ocating grooves, the
body including at |ea nt er nal grooviakg which is located an O-ring.
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f8°'— 6. The spindle valve of claim5 wherein two or nore | ocating grooves
are |l ocated at each end of the shaft, and wherein the body includes at

| east® one said internal groove at each end t hereof. 7. A spindle val ve
substantial ly as hereinbefore described with reference to the acconpanying
drawi ngs. 8. A punp di aphragm fornmed of resilient material and

conpri si ng: W@ 93A4ASal portion for attachment to a pi st oreCraaypsraopsser al
portion for attachnent to a housing generally surrounding the piston; an
intermedi ate portion joining the centi&)f Seortion and peripheral portion;
and hinge neans joining the internmediate portion with the central portion
and/ or the peripheral portion. 9. A di aphgram substantially as

her ei nbefore described with reference to the acconpanying draw ngs. |
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