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@ Air operated diaphragm pump and a valve arrangement therefore.

@ A diaphragm pump pumping arrangement includes two .
diaphragm pumps which are arranged and operate in
tandem. Each of the diaphragm pumps includes a housing
and a movable wall that includes a flexible diaphragm and
subdivides the interior of the respective pump housing into a
pumping chamber and an actuating chamber. An air distri-
buting control arrangement interposed between and con-
nected to the pump housings includes a spoo! valve movable

in a bore of an aluminum casing of the control arrangement
between two end positions in which it alternatingly achieves .
the admission of the compressed air into one, and discharge

of the air from the other, actuating chamber. The spool valve

is displaced due to the action of the respective limiting valves
accommodated in individual bores of the control arrange-
ment and displaced by the respective movable walls from
their rest positions in which they admit the ambient pressure

to the associated end faces to their active positions in which
they admit the compressed air to the associated end faces of
the spool valve. The spoo! valve carries sealing rings of a
material that needs no lubrication, and is made, at least at its
peripheral surface, of a material that also needs no lubrica-
tion, and the surface bounding the bore for the spool valve is
hard-anodized, so that no external lubrication of the control R
arrangement, by lubricant entrained in the compressed air or . )
otherwise, is needed. Fl G l
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AIR-OPERATED DIRPHRAGM PUMP
AEND 2 VALVE ARRENGEMERT -TEEREFOR

Bzckaround of the Invention

The present invention relates to pumps in general
and, more particularly, to air-operated dizphragm pumps
and to valve arrangements therefor.

There are already known various construct%ons of
pdmps, among them such which azre particularly suited for
pumping liguids with high viscosity, such a&s paint or
the like. Some of the known pumps are constructed as
dizphragm pumps in which compressed air or similar
gzseous medium is being used for achieving the pumping
action. In pumps of this type, a2 movable wall~includingl
2 flexible diaphragm extends across the internal space .
of the pump casing to sealingly subdivide such interior
into & pumping chamber for the ligquid to be pumped and
an zctuating chamber into which the pressurized gaseous
medium is acémitted to exert its pressure on the movable
wall 2nd from which it is discharced, thus to achieve
the pumping action. Such diaphragm pumps are often used
in tanéem, that is, two of such pumps are being used at
the same time, these pumps heving their movable walls
connected for movement in unison so that, while one of

izphraom pumps has the pressurized gaseous fluid
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ed into its actuazting chamber and thus pumps the

z

licuid, the contents of the actuating chamber of the
other pump is cischarced es the moveble wzll moves in
©

the leztiter pump.
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eppreciztec that, to achieve the
zbove-&éescribeé pumping action in the

.I‘-
- -

'J'

1

-
-t

14
D(,

Pump arrangement
includinc the two tandem pumps, it is

necessary to
provide for control of the acdmission and discharge of
the gaseous fluid or medium to and from the actuating
chambers of the two pumps in an organized and precisely
timed manner. To this end, there have already been
developed various constructions of control and/or
distributing velve assemblies. However, experience with
the control zssemblies or arrangemehts of this type
which have become known so far has shown that they
sufifer from many drawbacks. One of the disadvantaces of
the control or distributing arrangements of conventional
constructions is that, more often then not, they need to
be lubricated, which is frequently done by entraining
édroplets of o0il in the pressurized caseowvs medium. It
will be zppreciated that, if the pressurized gaseous
medium contains any contaminants, -such as particles of
dust or the like, such contzminants will be captured by
t+he lubricant and thus perform an abrading function_in
the valve arrangement, which will result in excessive
wear of the various components of the latter. ’

Summary of the Invention

accoréingly, it is a generzl object of the present
invention to avoid the disadvantzges of the prior art.

More particularly, it is an object of the present
invention to provide a pumping arrancement and a
distributing or control arrangement therefor., which do
not possess the disadvantages of the conventionzl
errzngements of the sazme or similar type.

Still znother- object of the present invention is
so to construvct the pumping zrrazngement of the tvpe here

uncéer considerztion that the timing of the déistribution

‘0.

of the czseous medivm is controlled in dependency on the
1

extent of movement of the moveble wzlls of the tzndem
cizphrecm pumps.

13
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it ig vet znother object of the fresent invention

o Eletee
o

to provide a valve arrazncement, particrlarly for use in

the pumping arrancement of the zbove tvpe, which does

not need any lubrication. ,

& concomitant object of the present invention is
so to design the valve arrangement as to be simple in
construction, inexpensive to menufacture; easy to use,
and reliable in operation nevertheless.

In pursuance of these objects and others which
will become zapparent hereafter, one fezture of the
present invention resides in 2 pumping arrangement of
the above type, with two diaphragm pumps arranged and
operating in tandem, wherein two limiting valve
assemblies are accommodzted in respective bores of the
housing of the control valve arrangement ané have stem
portions that extend into the respective actuating
chembers and into the pzths of movement of the
respective movable walls. These control valve
assemblies control the admission of pressurized gaseous
medium to, and its discharge from, the spaces adjacent
to the axial ends of a distributing valve which conirols
the admission and discharge of pressurized gaseous : B
medium to and from the actuating chambers. In one end
position of the limiting valve assembly, into which it
is urged by a spring, the limiting valve assembly
cénnects the respective space with the céischarge conduit
and thus with the zmbient ztmosphere. In the other end
position, the limiting valve assembly connects the space
with the supply of the pressurized czseous mediuvm. The

stributing valve body, which is conficurated as a

Gl
spool, iIs thus shifted between its terminal positions to

v

lternaztingly acmit the pressurized mecium into and
is '

0

charge the same from the ectuating chambers.
ccording to znother aspect of the present
invention, the housing of the conirol zrrancement is

mece of zluminum, &nd the

[
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rfzce bouncing the bore
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s
receiving the spool has & h 10Gized coeting
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thereon. At lezst thet portion of spool which comes in
contazct with the herd znodizeé cozting is-made of &
!F

celf-lubricating meterizl. he spool carries, in
e

respective crooves thereof,

4

spective seperating rings
that is

h

which &re a2lso mzde of
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ls heve shown that it
particularly zcévantiazgeous to make zt least the
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self~-lubricztinc. Experi extensive testing of
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various combinzstions o
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zfcrementioned portion of the speool of

pclvietrzfluoroethylene with r, andé the

e
ene filled with
grzschite. This particvler combinztion of mzterials

s, the wear is Kkept to
is non-existent, and

o
=]
’J-
ot
(2
&l
[w]
=l
~
rt
o
m
(e}

zchieves excellent results, t at.i

ancer of seizing

the movability of the spool in its bore is unimpaired
1

operziing conditioms. :

Brief Description of the Drawing T -

Fig. 1 is a side elevational view of the pumping

arrangement embodying the present invention, in
gross—section except for its control arrancement;
) Fig. 2 is zn exploded view of one version of control
arrangement usazble in the pumping arrezngement of Fig. 1;
Fig. 3 is z developed; somevwhat dizgrammatic, view of
the arrangement of Fig. 2 taken basically zlong the plane
indicated by the reference numerals III - III in Fig. 2.
Fig. 4 is z view similar to that of Fic. 2 but showin
a moGified version of the control arrancement; and
Fig. 5 is 2 view similar to that of Fic. 3 but taken
along tne rlane V-V of Fig. 4.
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Detziled Descrintion of the Preferreéd Embodiment

Referring now to the érawing in detzil, &nd first

ct
o]

Fic. 1 thereof, it may be seen thazt the reference
numerel i hzs been uvsec to identify z pump consiructed
in zccorcdance with the present invention in its

e ty. The pump 1 includes, as its mzin components,
r frame 2, two pumping arrazngements 3 znd 4,
egting and control zrrencement 5 interposed

o
tu
between the two purping arrancements 3 and ¢ and
controlling

the operztion thereof in z manner which will
be Eiscussed in crezter detzil lzter.

La
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to bounég &

Tne support or freme 2 is hollow

pivrality of rtesseces cr comperiments yet to be

»

described. At its lower portion as considered in the
} f 3

drawing, the frame 2 is provided with a suction or inlet

port 6 for the fluid to be pumped, while a2 discharge or
outlet port 7 for the fluid being pumped is arrangeéd at

the upper portion of the frame 2. The inlet port 6

communicates with two inlet pzssages 8 and 9, znd the

outlet port 7 communicztes with two outlet passages 10

and 11. The inlet passages B znd 9 open into respective

inlet valve compertments 12 and 13 that -accommodate

respective inlet valve bazlls 14 and 15 2nd communicate,
via réspective eapertures 16 and 17, with respective

pumping chambers 18 and 12. Furthermore, annular

sezlinc elements 20 and 21 of elastic material are

stationarily arraznged a2t the lower portions of the

b4

respective compzartments 12 and 13 to serve as valve
seats for the respective valve balls 14 and 15.
The pumping chambers 18 and 18 respectively

communicate, zt their upper ends, with outlet valve

compartments 22 and 23 which, in turn, communicate with

the respective outlet passages 10 and 11 via apertures .
24 and 25.

The outlet valve compartments 22 and 23
azccommodate respective outlet valve balls 26 and 27 as
well 2=, a2t their lower parts, respective annular
sgéling elements 28 znd 29 constituting valve seats for

the respective outlet vzlve balls 26 and 27.

The frzme 2 is shown to be constituted by separate

-

zterezl parts 31 and 32, and upper and lower transverse

n
)

(

rts 3 nc 34 which extend between and interconnect
he lzterzl parts 31 and 32.

rt '
r

The parts 31 to 34 are
connecied io one znother by respective zannular clamring
elements 35, 36, 27 znt 38 which zre of well known
consiruction thzt needs no elzboration here. The
znnulear csezling elements 20, 21, 28 znd 29 are arranged
thie partinc plaznes between the variovs parts 31 to 34
'e i

reme 2 so0 thei, besices zcting zs the valve
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cezts for the reszective valve balls i4, 15, 26 znd 27,

theyv zlso seel tne interfezces between the parte 31 to 34

. of the freme 2, by beinc confined and hence held in

position between the parts 31 to 34 by the action of the
respective clamping elements 35 to 38.

The lateral portions 31 and 32 of the frame 2 have
respective extensions or flanges 39 and 40. The pumping
arrangements 3 and 4 include casings or shells 41 and 42
which are secured, in a conventionazl manner which is not
specifically shown in the drawing, such as by screws or
similar connectors, to the control arrangement 5, and
which are respectively connected, by means of annular
clzmping elements 43 and 44, to the flanges 39 and 40 of
the lateral portions 31 and 32 of the frame 2. Hence,
the shells 41 ané 42 Gefine with the associzted lateral
portions 31 and 32 respective internal spaces. Each of
these internzl spaces is subdivided by a respective .
movable wall 45 znd 46 into the aforementioned pumping
chamber 31 or 32, and an actuating chamber 47 or 48.

The respective movable wall 45 or 46 includes a
respective flexible diaphragm 4% or 50 which is
sealingly clzmped at its outer périphéfy between the
flange 3% or 40 and the shell 41 or 42 by the action of
the respective clamping element 43 or 44. At its
central region, each of the diaphragms 49 or 50 is
séalingly secured to a common. shaft 51 that passes
through the interior of the control arrangement 5 and
interconnects the two movable walls 45 and 46 for
movement in unison. To mount the respective dizphragms
249 and 50 on the common shaft 51, there zre proviéedhtwo
mounting plates 52 znd 53} or 54 and 55, on the common
shait gl, which confine the central region of the
respective 6iaphragm 49 or 50 between themselves. The
mounting plates 52 znd 53,. or 54 and 55, are mounted on.
the common shait 51 by beinc coniined between a
respective shouléer 56 or 58, znd a threz8ed fastener 57

or 59, such as & nut. Thus, the mounting plates 52 zné
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respective cizchrecm 4% or 30 betiween themselves to

4
mount the dizphrecms 4% anc 50 to the common shaft 31.

Having so described the construction of the
apparztus depicted in Fig. 1, its operation will now be
briefly discussed, leaving out for the time being the
detzils of construction and operztion of the control
arrangement 5. It is sufficient to state at this
juncture that the control arrazncgement 5 controls the

zémission of an actuating medium, especially a gaseous

medium such as compressed zir, into the actuating

compartments or chambers 47 and 48, and the discharge of

such an actuzting medivm from the actuating chambers 47
and 48B. '

In the position shown in Fig. 1, the movable wzlls
£5 znd 46 are ezpproaching the end of their rightward

stroke. This is achieved by zdmitting the pressurized

actuating medium into the actuzting chamber 48 of the

purmping arrangenent 4, while simultaneously allowing the’
contents of the actuating chamber 47 of the pumping

arrangement 3 to escape from the actuzting chamber 47 at

a rzther low supercztmospheric pressure. Beczuse of the -

pressure exerted by the pressurized actuating medium on
the movable wall £6, &nd the relztively low resistance
offered by the pressure of the medium contained in the

ccthtlno chamber 47 on the movable wzll 45, the shaft

51 zné the movable walls 45 znd £6 mounied thereon are

caused to move in the :ightwa:d Girection. This causes

z reduction in the pressure in the pumpinc chamber 18,
so thet the valve bzll 14 is lifted off

its valve seat

element 20 znd the medium to be pumped is drawn into the

Dumping cheamber 18. Zecazuse of the reduced pressure in

¢ pumping chamber 18, the velve ball 26 stays in its

<+

zling contact with its associzted ennular valve seat
n

iz
t 28, so thet no medium being pumped will be drawn
o

1o the pumpinc chzrber 18 from the outlet casszce 10

or the outletf pert 7. At the szme time,

the pressure 1in
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12 e increzsel, which meanst
thzt the vzlve £2l1l 15 will remzin in, or get into,
sezling contact with its ascsocizted annular valve seat
element 21, thus preventing

of

the now pressurized contents
the pumping chamber 18 from escaping back into the

inlet passage 8. On the other hand, the increased
pressure of the medium contzined in the pumping chamber
19 will cause the valve ball 27 to 1lift off from its
associzted valve seat element 29, so that the medium
being pumped will be expelleé from the pumping chamber
1% through the compartment 23 into the outlet passage 11
and ultimately into the outlet port 7. It will be
zppreciated that, once the movable walls 45 and 46 have
reached the end of their rightward travel, the situation
is reversed, that is, the pressurized actuating medium
is admitted into the.actuating chamber 47, znd the

contents of the actuating chamber 48 is permitted to

esczpe from the latter, due to the action of
arrangement 5.

the control
This will czuse movement of the movable

wzlls 45 znd 46 in unison in the leftward direction,
w1th an a2ttendant pressure reduction 1n the pumplng
chzmber 1% and increase in the pzecsure in the pumplng
chamber 18, so that the valve bzlls 14, 15, 26 and 27

will now mové into their respective other positions in
which they prevent the mediuvm being pumped from escaping
b;ck from the pumping chamber. 18 toward the inlet port
6, cavse the medium being puﬁped to flow from the inlet
port 6 into the pumping chamber 18, prevent flow of the
medium being pumped back from the outlet port 7 into the
pumping chamber 18 and permit the pressurized medium
being pumped to flow from the pumping chamber 18 towarad
the ouélet port 7. znother reversal takes place at the
end of the leftward travel of the movable wzlls 45 &nd
£6, co that the initially described operating conditions
ere re-estzblished. '
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2As mentioned before, the control arrangement 5

controls the flow of the actuating medium in and out of

the actuvating chambers 47 and 48. A first and a second

version of the construction of the control arrangement 5
will now be particularly described in connection
respectively with Figs. 2 and 4 of the drawing, and their
operation will then be described particulariy in
connection respectively with Figs. 3 and 5 of the
drawing. These versions are similar to one another in
many respects so that the same reference numerals will be
used to identify corrgsponding parts. Both versions will
be jointly discussed below znd only the differences

between them will be particularly pointed out.

Fig. 2 and 4 are respective exploded views of the
first and second versions of the control arrangement 5
showing the various components constituting the same. One
of the main components of the control arrangement 5 is a
housing 60 through which the common shaft 51 passes, as
shown, substantially centrally, being supported in a seif

lubricated sliding hearing or bearings 30. The housing 60 °

has three bores 61, 62 and 63 which are indicated to
extend substantially parallel at the axis of the common
shaft 51, and at a radial spacing therefrom. However, it
will‘be appreciated that the bore'62 could extend
transversely of the housing 60 if so desired, for
instance, in order to reduce the overall dimensions and
the weight of the housing 60.

The bare 62 serves for receivin

(o]
1]

The cisiributing vzlve body 64 is provi
r

cictributinc chznnels 65 &nd 66 seDd
V

|
\O
|
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which bouné respective crooves 72 ané 72 between
1

n

.

imiting collars 68 &né
62. Resilient expzncion rings 74 and 75 are received in
the respective grooves 72 znd 73 in the assembled

conéition of the valve body 64, these expansion rings 74

ené 75 being surrounded by respective split separating

+hemselves znad the respective de

o

rings 76 and 77 which azre 2lso received in the

(%S

respective grooves 72 and 73 &t least when the
éisgributing vzlve body 64 is zccommodated in the bore
62. '

The bores 61 and 63 accommodate respective switching
or limiting valve assemblies 78 and 79 which are
structually identical so that the various components
thereof will be identified by the same reference numerals
in the following description and the drawing. The -
respective switching valve assembly 78 or 72 includes, as
one of its main components, a switching valve member 80
which includes a guiding portion Bl and a stem pprtion 82
at one end of the-guiding portion 8l. The guiding portion
81l.is shown to be hexagonal in cross-section. The reason
for this cross-sectional configuration will be given :
later. The stem portion 82 of the first version is
provided with a groove 83 that serves to partially
accommodate an abutment washer 84. Next to the abutment
washer 84, there are arranged, around part of the stem
portion 82 which extends between the groove 83 and the
guiding portion 81, in succession, a spring washer 85, a
separzting washer 86, a sealing ring 87, and an additionzl
sealing ring 88. On the other hand, in the second
version, only the sealing ring 88 is provided being
arranced around the_stem portion 82 upon assembly.
Furthermore, in both versions, a helical compression
spring 89 is accommodated in the respective bore 61 or 63
at the opposite.axial end of the guiding portion 81 from
the stem portion 82. Figs. 2 and 4 also indicates that an

zannular element 90 is arranced zt one axial end of the

-10-
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bore 63. Similarly, znother such annular element 90 is
arranged in the bore 61, but at the opposite axial end
+hereof. It is also shown in Figs. 2 and 4 that the

housing 60 has an internally threaded discharge bore 81,

and that a discharge nipple or connector 92 having an
externally threaded end portion is threaded into the bore

81 in its assembled condition. The housing 60 also has a
feeding nipple or connector similar to the discharge

nipple or connector 92, but not visible in Figs. 2 and 4

since it is obscured by- the housing 60.

)

ne cistributing valve body 64, znd the limiting

velve

[y}

cscemblies 78 anc¢ 78 zre shown in Fig. 3 in the

assembled conditions and as accommodzated in the respective
bores 62, 61 and 63. It may be seen that the sealing
elements or rings 86 ad 88 are arranged at the opposite
zxial sides of the annular element 90 ‘'in the first version

and that the sealing element or ring 88 is arranged at the

- same axial side of the annular element as the guiding

. portion 81 in both versions. It may also-be seen that,

because of its hexagonal cross-section, the guiding
gprtion 81 is in contact with, and thus is guided by, the
sur face bounding the bore 61 or 63, as shown in connection
with the limiting valve assembly 78. Yet, as shown in
connection with the switching or limiting valve assembly
79, gaps 110 exist between the regions of contact. of the
guiding portion 81 with the surfeace bounding the
respective bore 61 or 63, these gzps 110 providing for
communication between the spaces accommodating the helical
springs 82 ané those accommodating the sezling element 88
in the respective bores 61 or 63. WwWhile the guiding
oortion 81 has been shown to have & hexagonal
crcss-section, it will be apprecizted that the szme
combinztion of guiding &nd bypass functions could also be
echieved by civing the bores 61 znd 63 aﬁ& the guiding

portions 81 other non-complementery cross-sections with
—sitizlie ¢

cintect zreaes therebetween.

-11-
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Figs. 3 and 5 also illustrate that each of the annular
elements 90 has a central passage 93 through which the
stem portion B2 of the respective limiting valve body 80
passes with clearance. In the first version, the central
passage 93 has a substantially constant of diameter over
its entire axial length. On the other hand, in the second
version, the central passage 93 has a lazrger-diameter
first section 71 closer to, and a smaller-diazmeter second
section 112 more remote from, the guiding portion 81 of
the respective valve member 80 as considered in the
assembled condition of the respective valve azssembly 78 or
79. The first section 111 is so dimensioned as to permit
virtually unimpeded flow of air past the stem position
82. On the other hand, the second section 112 is so .
dimensioned relative to the stem portion 82 as to cause a
throttling action in the clearance between the stem
portion 82 and the surface bounding the second passage
112. Advantageously, the latter clearance is in the order
of 1/10000 of an inch. 1In both cases, the annular element
“80 further has a substantially radially extending passage
84 which communicates the central passage 93 (intermediate
the sections 111 and 112 in the second version) with a
réspective passage 95 provided in the housing 60 and
opening into an actuating space 96 or 97 which is
delimited in the bore 62 by the respective shell 41 or 42
and the respective terminal collar 70 or 71 that is close
to it. The housing 60 a2lso has a feeding duct 98 which is
connected to the aformentioned feeding connector and opens
into the bore 62 substantizlly centrally thereof, and a
branched or bifurcated discharge duct 89 which opens into

the bore 62 at locations at least axially spzced by a

-11la-
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the dischezrge nipple 52 mentioned zbove.

The housing 60 further has two discharce channels

100 each of which communicztes, a2t one of its ends, with

a spacé 101 of the respective bore 61 or 63 next to the

respective annular element 90 and, at its other end, in

a2 manner which is not shown in the drawing, with the
discharge nipple 92. Furthermore, the housing 60 has
two feeding channels 102 ezch of which communicates, at
its one end, with a2 space 103 of the respective bore 61
or 63 thest accommodztes the helicel spring 89 and, at
jts other end, in & manner which is also not
illustrzted, with the zforementioned feeding nipple or
connector. The channels 100 and 102 azre covered, in a
sealing manner, by the respective shells 41 znd 42. )
Finally, the housing 60 zlsoc has supply zané relief duéts
104 znd 105 which open into the bore 62 zt locations
situzted axizally spaced from and'between the locations
zt which the feeding duct 98 aznd the discharge duct 99
open into the bore 62.

The respective shells 21 and £2 zre provided with -

orifices 106 throucgh which the supply and relief ducts

104 znd 105 are in communication with the respective
chambers 47 and 48 of the pumping units 3 znd 4. The
sBells 41 znd 42 further have openings 107 through which
the stem portions 82 of the respective valve members 80
pass into the respective chambers 47 znd 48,.being
sezled in the openings 107 by respective seli lubricatinc
seais 108 of & conventionzl consiruction.

The housing 60 is advantzcgeously made of zluminum
znd is‘provided, 2t least zll over the surfzce bounding
+he bore 62, with & hard znocized coating laver 108.

The vazlve member or spool 64 is made, either in its
entirety, or at leaét zt its portion that comes
ceniect with

into
the laver 109, of z materizl thet needs no

lubricetion or is self-lubricating. Many suvch
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cooC results were ob

n

tzined¢ with the spool 64 beinc made
of polytetrafluoroethylene mixed with a2 mice filler.
However, since this mazterizl has a tendency to swell
under certein opereting conditions, it was zttempted to
make the spool 64 with & core of a metalli; material and

with a cladding lzyer of the polytetrafluoroethylene.

The results of this attempt were even better than

those obtzined before, especizlly when the core was made,
of 2luminum. Experience has shown that these two
materials, that is, the mica-filled |
polvtetrafluoroethylene of the spool 64 and the hard
anoGized aluminum of the coating layer 109 of the
housing 60 cooperate with one another very well and that
it is not necessary to lubriczte the valve body 64 by :
0il or another lubricant to achieve free sliding of the
spool 64 in the bore 62 solely in response to pressure
differentizls acting in the zxizl directions of the
spool 64. It zppears that during the operation, some of
the mixture rubs off onto the coating-layer 109, further...
improving the sliding conditions. :
Having so described the construction of the pump 1
inclusive of the control arrangement 5 thereof, the
operation of the two versions of the control arrangement 5

will now be described with reference to Figs. 3 and 5 of
the drawing.

The positions of the verious components of the
conirol arrancement 2 as illustrezted in Fig. 3 zre those
which such components assume zt the time of reversal
frcm movement ofi the shaft 31 (see Fic. 1) in the
richtwerd direction to the movement in the leftward
Girection, &nd more particularly at the beginning of. the
lefiward movement. At this time, the valve member 86 of
the YTimiting vaive 79 is in its Fichtmost pesition,

'Q

s
mazintzinecd therein by the ection of the spri
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mezns that the seal BE is in 2 =ezling contact with both
the annuvlzr element 20 znd the curiding portion Bl of the
limiting velve ezssexblv 79, so that it interrupts
communicztion between the czps 110 &nd the central
passace £3. At the szme time, the sezlinc element 87 is
spacedé Irom the znnular element 80, which means thzt an
uninterrupted path is estzblished beiween the chamber 87
throuch the cduct 23, the raéizl passzce 94, the ceniral
pazsseace 232, the spezce 10

I nicple 22. Eence, the

inc in the chamber 97 will be

5t pressure, while the

eratmospheric, resulting
£ference.

Figs. 3 and 5 also show that the mounting element 53,
of which only a fragment,is shown, has previously, during
its -rightward movement, contacted the steﬁ.portion 82 of
thé valve member 80 of the limiting valve assembly 78 and

_depressed it, so that the entire limiting valve assembly
78 has been shifted in the rightward direction from its
posif%on into which it is urged by the spring 88. This
movement in the richtwerd direction eventuzlly resulted in
the illustrzted situation where in the first version the -
sealing element 87, zided by the resilient action of the
spring washer 85, sezls the iﬁterfaces between the annular
element 90,-Ehe stem Dortion 82 znd the annular washer 86,
thereby interrupting the communication between the passage
23 and the space 101, tne channel 100 znd ultimately the
discharce nipple 92. Tfowever, this rightward movement of

the velve memper 80 of the limiting valve zssembly 78 also

results, in both versicns; in a iterminaztion of the sealing

zction of the sez2ling element 88, so that &n uninterrupted

-14-



w

w

0147889

path is created from the aforementioned feeding nipple
through the channel 102, the space 103, the gaps 110 past
the guiding portion 81, the central passage 923, (the
larger diameter section 111 of the latter is the second

version) and the duct 95 to the space 96. In this manner,

the superatmospheric pressure supplied to the feeding
nipple is able to propagate into the space 96 to act on
the end face of the spool 64, thus shifting it into the
illustrated rightward position thereof against

. non-existent or negligible superatmospheric pressure in

the space 97. At this time, in the second version,
communication siill exists between the passage 93 and the
space 101, the channel 100 and ultimately the discharge
nipple 92. However, since this communication takes place
through the clearance between the stem portion 82-and the °
surface bounding the smaller-diameter section 112 of the
passage 93, which clearance, as mentioned before, is small
gnough to cause a considerable throttling effect, the

superatmospheric pressure will still be able to propagate,

éirtually vndiminished, into the space 96[ at least as a
pressure jolt sufficient to shift the spool 64, despite

leakage of the pressurized £luid through the section 86 of

the passage 93. Once the shifting occurs, any subseguent

:edu&tion of the pressure .in the space 96 does not have
any influence on the position of the spool 64. Of course,
the clearznce in the larger-diameter section 85 of the
passage 93 will have to be sufficient to not only
compensate for the zforementioned lezkage through the
section 86, but also to permit flow of 2 sufficient excess
emount of the compressed fluid into the space'96 to £ill

the seme &s the spool 64 recedes during its rightward
shift.

-15-
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Crnce thiz shiit cccurs, the trevicuely existing
communicatiocn between the chember 47 throuch the orifice

106, the cuct 104, the channel €5 with the left-hand
branch of the Gischaroge duct 29 zné thus with the
cischarce nipple 922 is cdiscontinued and instead
communication is estzblisheé between the chamber 47
through the orifice 106, the duct 104, the channel 65
with the feeding duct 98 and vltimately with the feeding
nipple so that the superzimostheric pressure from the
fee€ing nipple propacetes into the chamber 47. Thus,
this superztmospheric pressure will now act on the
moveble wzll 45 to urge the sazme in the leftward
direction. The zbove-mentioned rightward shift of the
pocl 64 has a2lso interrupteé the previously existing
ccnmunicabion between the chamber 48 through the orifice
"106, the &duct 105, the channel 66 znd the éuct 98
uliimately with the feeding nipple. On the other hand,
the rightwardé shift of the spool 64 has estazblished
communiczation between the chamber 48 throuch the orifice
106, the duct 105, the channel 66 and the right-hand
brench of the duct 8% ultimztely with the .Cischzrge
nipple 92. This, of course, means that the pressure in
the aciuating chamber 48 is relieved, for 21l intents
“aznd purposes, to the level of the ambient vressure so
that ;it does not counteract the zction of the
svperatmospheric pressure now prevailing in the
actuating chazmber 47 on the movable wall 45. - Kence, the
shzft 51 znd the movable wzlls 45 and 46 mounted thereon
will ccmmence their movement in the leftward direction,
th zttendent pumpinc action on the medium con

tzined in

wit
the pumping chembers 18 and 12 zs describecd zbove in

i é
cnnection with Fic. 1. This leftwarc movemeni, which

0

zlso involves the leftward movement of the mounting

element 53, will be &zccompanied by concurrent leftweard

mcvement of the valve nember 80 ¢f the limiting velve
embly 78 under the

31

n

(n
m =
0O m
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on 0f the zssociated helical
inc 892, until communication of the spzce 96 with the

n
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e
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nnel 102 ie interruoied with ziitendant cecssatil
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ts, the éduct 95 znd the space %€. In tre Yirst version,

~16-

-ne communication of the space %6 with the channel 100 is
established at the same time whereby the pressure in the
space 96 is relieved. 1In the second version, the
clearance in the passage section 112 continues to permit
the throttled flow of the fluid therethrough into the
space 101 and the channel 100, whereby the preésure in the
space 96 is relieved. However, in both instances, the
cpool 64 will remain in its then zssumed position since
the pressure in the space 97 is substantially the same as
that.in the space 96 or, at least initieslly, lower. The
spool 64 remains in this position until the mounting
element SS of the movable wall 56 contacts the stem
portion 82 of the valve member 80 of the limiting valve
zssembly 79 and depresses the same to the extent necessary
to interrupt the communication of the space 97 with the
channel 100 and establish communication of the chamber 97
with the channel 102.

ks mentioned before, it is not necessary to
lubriczte the spool 64 since it is made a2t least at its
perivhery of a synthetic plastic materizl which needs no
lvbricztion. Moreover, instezd of using elastic séaling .
rings on the spool 64, as customary in the valve
manufacturing field, the arrangement of the present
inveption uses the separating rings 76 and 77 which are

- -

.2Ce of a2 relztively rigid synthetic plastic materiazl

3

ch is zlso of the self-lubricating type. 2 materiezl
Terticularly well suited'for this purpose is .
vietrezfluoroethylene filled with graphité. Hence, =zs
arating rings 76 and 77 slide zlong the inner
of the coeting layer 108, they will graduzlly
© & slicht extent, which will deposit a layer

riace of the ccating lazyer 109. This

ocizted irom the spool €4 znd/or the

€eszreting rings 76 zné 77 will act es 2 lubricant and
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77. Mcreover, the depocited
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eny crevices cr depressions in the

rt

ing layer 109, thus presenting a

ing surfzce to the spool 64 and the
secarating rings 76 and 77.

anocéized cca
1

é
hly smooth

The back-up resilient expansion rings 74 znd 75
vrge the separzting rings 76 and 77, respectively, in
the radially outward direction into sliding contact with
the internzl surface of the coating layer 108. This
introduces & certzin amount ‘'of drag or hesitation into
the movement of the spool 64 so that, even if the spool
€£ is subject to vibrations, such as may occur during
the operation of the pump, it will not zccidentzlly
cshift out of its respective end position toward the
cther end position. .

The separzting rings 76 andéd 77, == shown in Fig.
2, are split to be zble to radially outwardly expand in
response to the urging of the resilient expansion rings
7¢£ and 75. This split, of course, introduces a
éiscontinuity into the separzting ring 76 or 77, through
which fluid could flow between the channel 65 and the
paece 26 or the channel 66 and the space 87.

n

Eowever,
experience has shown that such lezkaces are negligible

-

zané éo not adversely effect the operztion of the control
earrancement 5. Additional zmounts of the compressed
zsecus medium could flow.past the separzting rings 76

znd 77 =t the interfaces thereof with the delimiting

collzrs 68 or 62 znd the terminzl collars 70 znd 71.
Sowever, even this lezkage 1is necligible particuvlarly

cince, &s soon a&s the spool §4 starts its ‘movement out

cf iis one end position tcwezrdés it other ené position,
epar

c actinc on the resoeciive s zting rings 76 or
n

vse the seme to sezlincly conizct one of the
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the presence &nc seelinc effect of

.
-

-t

n &ny €event,
th

o
n

=
=

l(j

egreting rincs 76 ané 77 prevent more serious

-

ezkeces of the cressurized eir throucgh the interfaces
between the spool 64 and the coating layer 109, which
wourld otherwise result in undesired pressure buildups or
recuctions; with a2ttendant reduction in or loss of
.operzting reliability.

The guiding portions 81 of the valve members B0
zre preferably of such a material and have such a shape
z2s glso to need no lubrication. This means that the
limiting valve assemblies 78 and 79 will not have to be
lubriczted either, so that the pressurized zir which is
useé to operate the control arrangement 5 need not have
to have any o0il droplets entrained therein. This is a
prcnounced advantace as compared to conventionzl valve
or pump arrangements, in that any dust or other )
contzminants which may be present in the pressurized éir
will not be caused to adhere to the various components
of the control arrangement 5 by the action of the
entrzined oil or similar lubricant. The hexzgonal
cross-section of the guiding portions 81, with the
attendant limited contact between the respective gniding.’
portion 81 and the surface bounding the bore 61 or 63,

is particularly useful in eliminating the need for
lubrication.

L

The outlet nipple connector 82 is shown to be

corstructed as a silencer, so that it can be used in an

=mbient environment with discharge of the spent air into

the zmbient ztmecsphere. However, for vse of the pump 1

ns, thet is, where the pump is
ezst to the level of the

nector 22, it is pbssible to

o ar condurii to the connector 92
+o have such & hose lezé to the exterior of the
c

e

medium in which the pump 1 is submersed.
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1 A diaphragm pump for pumping ligquids, especially such having
a high viscosity, comprising: ”

two diaphragm pump arrangements arranged along-a common
axis in opposing relationship to one another and each including
a casing having inlet and outlet ports for the liquid tc
be pumpéd, and a movable wall sealiﬁgly subdividing the

interior of the casing into a pumping chamber. and an actuziing
chamber;

a shaft extending in parallelism with said axis and interccnnecting
said movable walls of said diaphragm pump arrangement for
movement in unison: and

means for operating said bump arrangements to alternatingly
draw the liguid into and expel the same out of the respective
pumping chambers through the respective inlet and outlet
ports characterizedin,

a control housing interposed between and secured to said
casings and having three bores therethrough &t least two

of which extend substantially parallel to said axis,

two limitiﬁg valve assemblies each accommodated in one

of said two bores and including a valve member guided in

the respective bore for movement in opposite axial directions
between two end positions and having a stem portion projecting

into a different one of said actuating chambers for ch

®

o)
th

of said valve members and into the path of movement
the respective movable wall to be moved by the latter frcocm
one of said end positions toward the other, and a spring

urging said valve member toward said one end position,

a spool valve accommodated in the remaining one of said

three bores for movement axially thereof between two terminal

L S R S

positions and having a circumferential surface having

ot
o

..20_
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distributing grooves and two end faces that delimit in

[ XX X

said remaining bore respective end spaces,

means for supplying a pressurized gaseous medium into said
bores,

5 means for discharging gaseous medium from said. bores,

means for communicating each of said two bores with a different

one of said end spaces of said remaining bore,

means for separately establishing communication between

said remaining bore and each of said actuating chambers,
10 and

means in each of said two bores for sufficiently separating
said communicating means from said supplying means in said
one end position, and from said discharging means in said
other end position, of the respective valve member, said
15 separating means allowing communication of said communicating
means with said discharging means in said one, and with
= ____ Said supplying means in said other, of said end positions
__;% ;aid valve member to thereby admit the pressurized gaseous
medium into one and discharge the gaseous medium from the
20 respective other of said end spaces with attendant movement
of said spool valve from one to the other of said terminal
positions thereof in which communication is established
via the respective distributing channels between said supplying
means and one of said actuating chambers, and the respective

25 other of said actuating chambers and said discharging means.

2 A diaphragm pump according to claiml, characterized
in, that said spool member is, at least at its portion
contacting the surface bounding said remaining bore, of

a material requiring no external lubrication.

300 3 A diaphragm pump according to claim 2, characterized

in, that said material is a synthetic plastic material.

-21-
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4 A diaphragm pump according to claim 3, characterxrized

5

10

11

12

in, that said synthetic plastic material is polytetraflouroethylene
filled with mica.

A diaphragm pump as according to claiml, characterized
in, that said spool valve has external grooves at respective

end portions thereof, which open onto said c¢ircumferential

surface; and further comprising separating rings accommodated

in said grooves and contacting the surface bounding said
remaining bore.

A diaphragm pump as defined i claim 5, characterized
in, that said separating rings are of a material reguiring
no external lubrication.

A diaphragm pump as according to claim 6, characterized

in, that said material is a synthetic plastic material.

A diaphragm pump as according to claim 7, c haracterized

in, that said synthetic plastic material is polytetraflouroethylene
filled with graphite.

P

A diaphragm pump as according to claim 8, characterized
in, that at least the surface bounding said remaining bore
is constituted by a hardened layer.

A diaphragm pump as according to claim 9, characterized
in, that said housing is of aluminium; and wherein said

hardened layer is an anodized layer of the aluminium of
said housing.

A diaphragm pump as according to claim 5, characterized
in, that it comprises resilient expansion rings received

in said grooves of said spool valve internally of said

separating rings and urging the latter radially outwardly

into contact with the surface bounding said remaining bore.

A diaphragm pump according to claiml, characterized

in, that said separating means includes two annular elements

-22-
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each stationarily mounted in one of sazid two bores and

having a central passage through which the respective stem
portion pases with clearance, and a substanially radial
passage that connects said central passage with said communication
establishing means, and two sealing elements each arranged
around said respective stem portion at one axial side of

said annular element; wherein said supplying and discharging
means communicate with the respéctive one of said two bores

at the opposite sides of said annular element; and the
respective valve member carrying respective first and second
confining portions at the opposite sides of said annular
element which confine the respective sealing elements betweeen
themselves and said annular element and urge the same into
sealing contact with the latter in said one and in said

other end position of said valve member, respectively.

A diaphragm pump according toclaiml, characterized
in, that each of said valve members has a guiding portion
guided in the respective bore; and wherein said separating
means includes two annular elements each stantionarily
mounted in one of said two bores to subdivide the same

into two compartments one of which is closer to the respective
movable wall than the other which accommodates said guiding
portion and including an axially extending central passage
connecting said compartments and a substantially radial
passage that opens into said central passage at a zone

of the latter intermediate said compartments and communicates
with said communication establishing means, said stem portion
passing through said central passage with a larger first
clearance between said other compartment and said zone,

and with a smaller second clearance between said zone and
said one compartment, for said second clearance to act

as a throttling location, said separating means further
indicating an annular sealing element interposed between

said annular element and said guiding portion of said valve
member around said stem portion of said valve member and
operative for interrupting communicafion.between said other
compartment and said central passage in said first end
position of said valve member so that the pressure in said

radial yrascage and in said duct is relieved through said

-23-
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thyottling location, and for establishing such communication
as said valve member is moved toward said second end positicn
thereof with resulting flow of said pressurized fluid through

said first clearance into, and pressure build-up in, said
radial passage. '

A diaphragm pump according to claiml, characterized

in, that the valve arrangement comprises
a housing having at least one bore centered on &n axis;

a spool valve received in said bore for movemsnt in opposite
axial directions, having a circumferential surface provided
with at least one distributing channel and +wc grooves
arranged at axially opposite sides of said distribﬁting
channel, said spool valve being, at least at its portion
which underlies said circumferential surface and contacts

the surface bounding said bore, of a material that needs
no lubrication;

separating rings at least partially received in said grooves
and contacting the surface bounding szid bore, said separating

rings being of a material that needs no lubrication; and

a plurality of passages in said housing for conducting
a gaeous medium into and out of said bore. '

A diaphragm pump according to claim 14, characterized

‘in, that said synthetic plastic material, at least said

portion of said spool valve, is polytetraflouroethylene.

A diaphragm pump according to claim 14, characterized

in, that said material of said separating rings is polytetraflouroeth
filled with graphite.

A diaphragm puump according-to claim 14, characterized

in, that said housing is of aluminum; and wherein at least
the surface bounding said bore is constituted by a hard

anodized aluminum coating.

-24 -~
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18 A diaphragm pump according to claim 1, ¢ har a CQ164;8&98
in, that the valve arrangement comprises
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a casing bounding a bore and a duct that opens into said

bore at a predetermined region of the latter;

an annular element stantionarily mounted in said bore at

| said region to subdivide said bore into two commpartments
one oflwhich is closer to the movable wall than the other,
and including an axially extending central passage connecting
said compartments and a substantially radial-passage that
opens into said central passage at a zone of the latter
intermediate said compartments and communicates with said
duct;

means for discharging fluid from said one compartment to

maintain the pressure therein substantially at a relatively
low level;

means for admitting pressurized fluid into said other compartment

to maintain the pressure therein at a relatively high level;

‘an elongated valve member received in said bore for movement
axially of the latter between a first and a second end
position and including a guiding portion slidingly contacting
the surface circumferentially bounding said other compartment
of said bore and an actuating portion axially adjoining

said guiding portion and extending therefrom into and through
said central passage of said annular element and beyond

the same into said one compartment and into the path of
movement of the movable wall at least in said first end
position of said valve member, said actuating portion passing
through said central passage with a larger first clearance
between said other compartment and said zone, and with

a smaller second clearance between said zone and said one

compartment, for said second clearance to act as a throttling
location;

means for biasing said valve member toward said first end

position thereof for the valve member to be moved by the

_25_.
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movable wall against the action of said biasing means toward
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said second end position thereof; and

an annular sealing element interposed between said annular
element :and said guiding portion of said valve member around
said actuating portion f said valve member and operative

for interrupting communication between said other compartment
and said central passage in said first end position of |

said valve member so that the pressure in said radial passage
and in said duct is reelieved through said throttling location,
and for establishing such communication as said valve member

is moved toward said second end position thereof with resulting
flow of said pressurized fluid through said first clearance

into, and pressure build-up in, said radial passage and
said duct.

A diaphragm pump according to claim 18, characterized
in, that said admitting means communicates with a section

of said bore in said other compartment which is remote

from said actuating portion of said valve member; and wherein
said guiding portion of said valve member defines at least

one gap between itself and the surface circumferentially

bounding said other compartment for passage of the pressurized
fluid therethrough from said section toward said central

passage. )

A diaphragm pump according to claim 18, c haracterized
in, that said actuating portion of said valve member has

a section which passes through said central passage of

said annular element when said valve member is in and between
said first and second positions thereof and has a constant
diameter throughout; and wherein said central passage of

said annular element has i first section with a larger

internal diameter extending between said other compartment

and said zone and edternally bounding said first clearance,

and a second section with a smaller internal diameter extending
between said zone and said one compartment and externally

bounding said second clearance.

-26-
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