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DESCRI PTI ON Air Driven D aphragm Punp Backgr ound
of the Invention The field of the present invention is punps and
actuators for aving air driven diaphragns. RH’H/% i, Ng
doubl e di aphr‘ggms ;I]VEI’I by conpressed 5 air directed throug a%ﬁqgl\éf‘uator
val ve are well known. Reference is made to U. S. Patent Nos. 5,213, 485;
5, 169, 296; and 4, 247,264; and to U. S. Patent Nos. Des. 294, 946;

294, 947, and 275,858. An actuator valve using a f eedback control system
Is disclosed in U S. Patent No. 10 4,549,467. The disclosures of the
foregoing patents are i ncor por at eEESTRIPTOORY I ef er ence. Conmon
to the aforenenti oned patents on air driven di aphragm punps is the
presence of an actuator housing, having air chanbers facing outwardly to
cooperate with 15 punp di aphrag® SR-waARRLae U punp di aphragns are

Ba d the 1

The field of the present invention is pumps and
actuators for pumps having air driven diaphragms.

Pumps having double diaphragms driven by compressed

5 air directed through an actuator valve are well known.
Reference is made to U.S. Patent Nos. 5,213,485;
5,169,296; and 4,247,264; and to U.S. Patent Nos. Des.
294,946; 294,947; and 275,858. An actuator valve using a
feedback control system is disclosed in U.S. Patent No.

10 4,549,467. The disclosures of the foregoing patents are
incorporated herein by reference.

Common to the aforementioned patents on air driven
diaphragm pumps is the presence of an actuator housing
having air chambers facing outwardly to cooperate with

15 pump diaphragms. Outwardly of the pump diaphragms are
pump chamber housings with inlet manifolds and outlet
manifolds. Ball check valves are also positioned in both
the inlet passageways and the outlet passageways. The
actuator between the air chambers includes a shaft running

20 therethrough which is coupled with the diaphragms. An air
valve controls flow to alternate pressure and exhaust to
and from each of the air chambers so as to result in
reciprocation of the pump. The air valve is controlled by
a pilot system controlled in turn by the position of the

25 pump diaphragms. Thus, a feedback control mechanism is
provided to convert a constant air pressure into a
reciprocating distribution of pressurized air to each air
chamber. A vast range of materials are able to be pumped
safely and efficiently using such systems.

30 Air driven systems, using the expansion of compressed
gasses to convert potential energy into work, can
experience problems of icing when there is moisture in the
compressed gas. As the gas expands, it cools and is



punp chanber housings with inlet manifolds and outl et mani f ol ds. Bal
check val ves are al so positioned in both the inlet passageways and the
out| et passageways. The actuat or between the air chanbers includes a
shaft running 20 therethrough which is coupled with the diaphragns. An
air val W@ amMtol s flow to alternate pressure and exhdREIUSPHLITI4 and
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The present invention is directed to an air driven
diaphragm pump and to actuators therefor minimizing icing.

In a first, separate aspect of the present invention,
an air driven diaphragm pump having an air valve and air

10 chamber passages is designed such that the exhaust passage
is at least as restrictive as the remaining passageways
leading from the air chamber. As a result, the majority
of the expansion occurs beyond the exhaust passage. The
cooling effect of expanding air is reduced and, in turnm,

15 icing is reduced.

In a =second, separate aspect of the present
invention, an air driven diaphragm pump having passageways
from the air chambers venting to atmosphere includes a
diffuser providing first and second closely spaced

20 surfaces with at least one of the surfaces being porous
and with the exhaust from the air driven diaphragm pump
communicating with that space in a substantially
perpendicular manner. The diffuser allows for a
distribution of expanding gases from a constrained area

25 with a redirection of the flow. This configuration can
asgist in providing reduced icing within the actuator.

In a third, separate aspect of the present invention,
an air driven diaphragm pump includes an actuator housing
and an air valve which are held together by fasteners.

30 The air wvalve includes a valve cylinder having a
cylindrical bore closed at one end. An end cap having a
plug with an O-xing thereabout closely mates with the
valve cylinder and accommodates some of the fasteners to
hold the end cap in place. This arrangement provides for

35 a minimum number of parts and easy assembly.




2 unable to retain as nuch noisture. The noisture
condensing fromthe cooled gas can collect in the passageways and
ultimately formice. This can result in | ess efficient operation and

stal l'ing. ry of the Invention The present ipvention is
directed to aﬁ’o;wﬁ%?l ven di aphragm punp and to actuato 219,
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i nvention, an air driven diaphragm punp having an air valve and air 10
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Thips Confgi gu rat Fgﬁglg]%:ﬁ objects ang vana}:ages w:L.rI.EI appear hereinafter.

ri scripti of )rawin
10 Figure 1 is a cross section of an air driven
diaphragm pump.
Figure 2 is a top view of an air valve with
diaphragms in place.
Figure 3 is a side view of the assembly of Figure 2.
15 Pigure 4 is a bottom view of the assembly of Figure
2.
Figure 5 is a left side view of the assembly of
Figure 2 with the diaphragms removed.
Figure 6 is a right side view of the assembly of
20 PFigure 2 with the diaphragms removed.
Figure 7 is a plan view of the actuator housing with
the air valve removed for clarity.
Figure 8 is a cross-sectional view taken along line
8-8 of Figure 3.
25 Figure 9 is a cross-sectional view taken along line
9-9 of Figure 6.
Figure 10 is a croass-sectional view taken along line
10-10 of Figure 8.

30 Turning in detail to the drawings, Figure 1
illustrates an air driven double diaphragm pump,
illustrated in cross section for clarity. The pump
structure includes two pump chamber housings 20 and 22.
These pump chamber housings 20 and 22 each include a

35 concaved inner side forming pumping cavities through which



assi st in providing reduced icing within the actuator. In a third,
separ ate aspect of the present invention, an air driven diaphragm punp

i ncl udes an actuat or housing and an air valve which are held together by
fasteners. 30 The air valve includes a valve cylinder having a
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of the present dnventjon“to provide an inproved actuafor sSystemfor

material to be pumped to both of the one-way ball valves

5 24 and 26. One-way ball valves 30 and 32 are positioned

above the pump chambers 20 and 22, respectively, and

configured to provide one-way flow in the same direction

as the wvalves 24 and 2s6. An outlet manifold 34 is
associated with the one-way ball valves 30 and 32,

10 Inwardly of the pump chambers 20 and 22, a center
section, generally designated 36, includes air chambers 38
and 40 to either side of an actuator housing 42. There
are two pump diaphragms 44 and 46 arranged in a
conventional manner between the pump chambers 20 and 22

15 and the air chambers 38 and 40, respectively. The pump
diaphragms are retained about their periphery between the
corresponding peripheries of the pump chambers 20 and 22
and the air chambers 38 and 40.

The actuator housing 42 provides a first guideway 48

20 which is concentric with the coincident axes of the air
chambers 38 and 40 and extends to each air chamber. A
shaft 50 is positioned within the first guideway 48. The
shaft 50 provides channels for O-rings 52 and 54 as a
mechanism for sealing the air chambers 38 and 40, one from

25 another along the guideway 48. The shaft 50 includes
piston components 56 and 58 on each end thereof. These
components 56 and 58 capture the centers of each of the
pump diaphragms 44 and 46 as best illustrated in Figure 9.
The shaft 50 causes the pump diaphragms 44 and 46 to

30 operate together to reciprocate within the pump.

Also located within the actuator housing 42 is a
second guideway 60 within which a pilot shifting shaft 62
is positioned. The guideway extends fully through the
center gection to the air chambers 38 and 40. The pilot

35 shifting shaft 62 extending through the second guideway 60
also extends beyond the actuator housing 42 to interact
with the piston components 56. A head 64 and a clip ring



feciprocal air driven devices including punmps. G her and further

obj ects and advantages wi || appear hereinafter. Brief Description of
t he Draw ngs 10 Figure 1 is a cross section of an air driven

di aphragm punp. Figure 2 is a top viewof an air v

di aphr agns igp‘ﬁf"’é’c?é‘?l Figure 3 is a side view of the asseniyp‘y of
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2. Figure 5is a left side view of the assenbly of Figure 2
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Floure 1 Boieq ahe shage 50 Ao BeBlant, M Bites h%é%#ﬁ g gatt "6z
illustrated in wo@slmtbamk fapd cﬁoarrthty TheTipd lgtmphifting shaft 62
includes channels for four O-rings 68, 70, 72 and 74. The
outer O-rings 68 and 74 provide sealing between the
guideway 60 and the air chambers 38 and 40. The inner O-
10 rings 70 and 72 seal an axial passage 75 of reduced

diameter in the shaft 62,

Asgsociated with the actuator housing 42 is an air
valve 76. The air valve 76 includes a valve cylinder 78.
The valve cylinder 78 includes a cylindrical bore 80

15 extending partially therethrough such that the bore 80 is
closed at one end by the body of the valve cylinder 78.
The cylindrical bore 80 may be divided into two sections,
section 82 is of a smaller diameter than section 84. The
cylindrical bore 80 is closed at the end of the large

20 section 84 by an end cap 86. The end cap 86 includes a
cylindrical plug 88 which extends into the large section
84 of the cylindrical bore 80. An O-ring 90 is arranged
about the plug 88 to seal with the cylindrical bore 80.
Because the O-ring 90 is about the plug 88, the sealing

25 occurs without regard for how completely the plug 88 seats
in the cylindrical bore 80.

Alsc associated with the actuator housing 42 is an
open diffuser cavity 92. The open diffuser cavity 92 is
positioned above the valve cylinder 78, providing a

30 rectangular cavity closed on three sides with retainer
flanges 93 extending into the open cavity 92. The open
end of the cavity 92 is closed by an upwardly extending
portion 94 of the end cap 86. The diffuser cavity 92
includes a porous block of material 96 which may be slid

35 into the cavity 92 beneath the retainer flanges 93 and
held in place by the upwardly extending portion 94 of the
end cap B8S§.



structure includes two punp chamber housings 20 and 22. These punp
chanber housings 20 and 22 each include a 35 concaved inner side formng

punpi ng cavities through which WO 97/ 17541

PCT/ US96/ 17104 4 t he punped

mat eri al pa¥NT®he-way ball val ves 24 and 26 are at RALPHEI4 end of
t he punp chanber housings 20 and 22, respectively. An inlet

mani fold 28 distributes material to be punped to both of the one-way
ball valves 5 24 and 26. One-way ball valves 30 and 32 are positioned
above the punp chambers 20 and 22, respettively, and configured to

provi de one-way fl I n.the sa direct,ian t he valves 24 and 26.
An outl et nanif ol dq.gﬁ R valsvaersrggc‘}"%tlée avﬁnteﬁl Pﬂgé%%eqc\ﬁavtﬁa Po¥sIREs 30 and
32. 10 | rifa ot oo £astpueds chanbeFre Anaheners 98 adneeent theection,

general |y desiegaatag 86, reBaiydese aénd chay e In3PositiandadOyén aid her side
of an actuat Orconvsgégggtﬁlez 'airTbgi\?e 76 against the actuator housing 42.
5 The end cap 86 includes extensions 100 positioned within
cavities in the air valve 76. The extensions 100 include
holes to receive the fasteners 98. To locate the air
valve 76 on the actuator housing 42, pins 101 on the air
valve 76 fit within locator holes 102 on the actuator
10 housing 42.

The air valve 76 includes a valve piston, generally
designated 104, which is positioned within the valve
cylinder 78 in the cylindrical bore 80. The valve piston
104 includes a large piston end 106 having an O-ring 108

15 in a receiving channel. The large piston end 106 fite
closely within the large section 84 of the cylindrical
bore 80. A small raised portion 110 insures an annular
space between the end of the valve piston 104 and the plug
88 with the valve piston 104 positioned toward the large

20 end 106.

The valve piston 104 also includes a piston body 112
which is smaller in diametery than the large piston end
106. The piston body 112 includes four O-rings 114, 115,
116 and 117. Between the O-rings 114 and 115 the piston

25 body 112 is reduced in diameter to provide an axial
passage 118 for the flow of air. The piston body 112
includes another axial passage 119 where the diameter is
also reduced between the O-rings 115 and 116. A sgmall
piston 120 is defined at the end of the piston body 112.

30 The O-ring 117 seals the bore around the piston 120. A
small raised portion 121 on the small piston 120 insures
an annular space at that end with the valve piston 104
positioned toward the small end of the cylindrical bore
80.

35 To appropriately describe the passageways within the
actuator housing 42 and the air wvalve 76, reference will
also be made to the operation of the system. An inlet 122
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co ication of the inlet passage 124 with the air

10 chambers 38 and 40. As seen in Figure 8, the inlet 122 is
in communication with the axial passage 118 of the piston
body 112 between the O-rings 114 and 115, The axial
passage 118 is also in communication with an air chamber
passage 128. Thus, the inlet pressure is communicated

15 with the air chamber passage 128. The air chamber passage
128 extends downwardiy through the valve cylinder 78 and
then laterally to the air chamber 38. As can be seen from
Figure 7, there are two ports 130 extending downwardly to

the passage 128. Were the valve piston 104 positioned at

20 the other extreme within the valve cylinder 78, the inlet
passage 124 would communicate with the axial passage 119

of the piston body 112 between the O-rings 115 and 11s6.

In this way, the ‘ inlet passage 124 would be in
communication with the air chamber passage 132 through

25 ports 134. The air chamber passage 132 communicates with

the air chamber 40, as also seen in Figure 7.

Extending upwardly through the valve cylinder 78 from

the cylindrical bores 80 are exhaust passages 136 and 138.

As can be seen in Figure 8, when the valve piston 104 is

30 positioned toward the small end, the air chamber passage
132 is in communication with the exhaust passage 138.
With the valve piston 104 positioned toward the large end,

the air chamber passage 128 is in communication with the
exhaust passage 136. Thus, with the valve piston 104

35 positioned toward the small end, pressurized air is
provided to the air chamber 38; and the air chamber 40 is
opened to exhaust. The reverse is true with the valve
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5 66 retain the pilot shifting shaft 62 fromtravelling

excessively in either axial direction. As can be seen in Figure 9, the
pilot shifting shaft 62 extends into the path of travel of the inner

pi ston conpweswWies@86. Thus, 5 as the shaft 50 reci procat eRCTVIIID4 ot
shifting shaft 62 I's driven back and forth. The pilot shifting shaft
62 i ncl udes channels for four Orings 68, 70, 72 and 74. The out er
Orings 68 and 74 provide sealing between the gui deway 60 and the air
chanbers 38 and 40. The inner 0- 10 ring§ 70 and 72 seal an axi al passage
75 of reduced di apeter in the shaft ted with the

actuat or housi R§SHOR | 104, ptyjthe othgr) %d‘76 BYTIEC&PF"SQFW & M@ fes a
val ve cyl i nder pi8ton 104hé&heapump cis idrioen’8oi netipiscakecybi wdllcal bore 80 |

15 extending parti apd yelhprobitouda %awetﬂa%kohh@obort%e881f§erem@108ed at
one end by the_bod of t e v%l ve CX& I ndrical bore 80

may be di vi ded®FRE Tti8fs, © gct?*b‘ﬁ y3iye cﬁi%/{: BratPlr Feanet er
t han secti of 84m91¢&§d Wi weferahcd fre Bigure dl otbe anlethamshgel t he

l'arge 20 secti 94 8dordurAitated w2Eh38. pggﬁg@ﬂﬂycﬁﬁo8ﬁhiél‘2| WleSsden in
cylindrical pl 99 88 \Mgl Chcgn)%fnqccl:satlegt szt.tq'? | arggsssé{agcet 922 extending
through the valve cylinder 78 to the small end of the
valve piston 104. This communication between the small
10 piston 120 and the inlet 122 is always open.

Also associated with the inlet passage 124 is a
passageway 144 as best seen in Figure 7. This passageway
144 extends to a passage 146 extending through the
actuator housing 42 to the second guideway 60 as best seen
15 in Figure 10. The passage 146 is controlled by the O-ring
72. As the pilot shifting shaft 62 moves from one extreme
position to the other, the O-ring 72 crosses the passage
146 to provide communication to the axial passage 75
between the O-rings 70 and 72. This axial passageway
20 communicates the passage 146 with a further passage 148
extending to the large end of the cylindrical bore 80.
Thus, communication between the inlet 122 and the large
end of the cylindrical bore 80 is controlled by the pilot
shifting shaft 62. With the pilot shifting shaft 62 in
25 the position as illustrated in Figure 10, an exhaust
passage 150 is in communication with the passage 148 to

vent the large end of the cylindrical bore 80.
With the small end of the valve piston 104 always
pressurized and the large piston end 106 controlled by the
30 pilot shifting shaft 62, the location of the valve piston
104 may be controlled. When both ends of the valve piston
104 are pressurized, the larger end experiences more
force. Conseguently, the valve piston 104 moves to the
small end in the position as illustrated in Figure 8.
35 When the pressure on the large piston end 106 is released
by movement of the pilot shifting shaft 62, the pressure



84 of the cylindrical bore 80. An Oring 90 is arranged about the plug
88 to seal with the cylindrical bore 80. Because the Oring 90 is about
the plug 88, the sealing 25 occurs without regard for how conpletely the

plug 88 seats in the cylindrical bore 80. - Aso $§§8%%§hﬁg W th

the actuat or WOA¥AY 42 is” an open diffuser cavity 92

di ffuser cavity 92 is posi ti oned above the valve cylinder 78, providing
a- 30 rectangul ar cavity closed on three sides with retainer fl anges 93
extending into the open cavity 92. The open end of the cavity 92 is
closed by an upwardly extendi ng portion 94 of the end cap 86. The
diffuser cavityod2 ¢pe .ggﬂgd&ﬁd achg OURmPhotks OLnaHtf%&bag %@xewmermy be
slid 35 into the cavi t eneatg e retalner flanges 93 and hel d

pl ace by the upR&PEPY i?("f RNaTg BBPt 1FBRATS: t he end cap 86.
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of pumping. Assuming that the pilot shifting shaft 62 is
5 1in a position such as illustrated in Figure 10 where the
large piston end 106 is vented, the valve piston 104 will
be forced toward the large end by the continuous pressure
exerted on the small end thereof. This is the position
opposite to that shown in Figure 8. Under this
10 circumstance, the air chamber 40 is in communication with
the inlet passage 124 and the air chamber 38 is in
communication with the exhaust passage 136. Thus, the
pump will operate to move the diaphragms 44 and 46 until
the piston component 56 of the diaphragm 44 contacts the
15 end of the pilot shifting shaft 62 with the clip ring 66.
As the O-ring 72 crosses over the passage 146, to signal
completion of the diaphragm stroke, the large end of the
cylindrical bore 80 is pressurized. Pressurization of the
large end of the cylindrical bore 80 causes the wvalve
20 piston 104 to shift such that flow is reversed to the air
chambers 38 and 40. This condition then exists until the
pilot shifting shaft 62 is again shifted by an inner
pPiston component 56.

The configurations of the wvarious passageways are
25 designed to avoid the formation of ice. To accomplish
this, expansion of compressed gas is controlled. To this
end, the exhaust passages 136 and 138 are arranged to be
the most restrictive as to air flow in the series of
passages communicating exhausting flow from either of the
30 air chambers 38 and 40. Consequently, the principal
pressure drop occurs at the exit rather than in the body

of the actuator housing 42 or the air valve 76.
The diffuser also contributes to pressure digsipation
i in a way not conducive to the formation of ice. The
35 porous block 96 is preferably a block of sintered plastic
having 30 micron pore size. The block 96 is displaced
from the air valve 76 at the ends of the exhaust passages



The air valve 76 is retained on the actuator housing 42 by four
fasteners 98. The fasteners 98 adjacent the end cap 86 retain the end
cap 86 in position as well as conpress the air valve 76 against the
actuator housing 42. 5 The end cap 86 includes extensions 100 positioned
Wit hin Y978 in the air valve 76. The extensions 10fcTussbamied

holes to receive the fasteners 98. To |l ocate the air val ve 76 on the
actuat or housing 42, pins 101 on the air valve 76 fit within |ocator
hol es 102 on the actuator 10 housi ng 42. The air valve 76 incl udes
a val ve piston, generally de5|gnated1&04 which is p05|t|oned wi thin
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end of the piston b
soon cut off by the accumulation of ice. Spacing the

surfaces too far apart allows for full expansion very
rapidly at the outlets to the exhaust passages 136 and 138
with guiescent areas within the space between the surfaces

15 to accumulate ice until flow is again blocked. By
selecting a spacing providing an annular orifice at the
end of the exhaust passages 136 and 138 roughly equal in
cross-sectional area to the cross-sectional area of the
passages 136 and 138, distribution into the diffuser

20 radially from the ends of the passages 136 and 138 and
then through the porous block of material 186 is at
maximum efficiency in the preferred embodiment. The cross
gsection of the annular orifice is determined by the
spacing between surfaces times the circumference of the

25 exhaust passage 136 or 138 at the intersection with the
surface of the air valve 76. The cross section of the
exhaust passage 136 or 138 is the cross-sectional area at
the intersection of the exhaust passage with the surface
of the air valve 76.

30 Thug, an improved actuation system for and in
combination with an air driven diaphragm pump has been
disclosed. While embodiments and applications of this
invention have been shown and described, it would be
apparent to those skilled in the art that many more

35 modifications are possible without departing from the
inventive concepts herein., The invention, therefore is



30 The Oring 117 seals the bore around the piston 120. A smal |

rai sed portion 121 on the small piston 120 insures an annul ar space at
that end with the val ve piston 104 positioned toward the small end of
the cylindric 80. 35 To appropriately descri

passageways vﬂ%%gﬁ%e actuator housing 42 and the air vﬁgbg@,"o‘
reference wll al so be nade to the operation of the system An inlet 122
WD 97/ 17541 PCT/ US96/ 17104

7 is provided on one side of the actygator housing 42 and ext ends
by an inlet passage 124 through to the face 126 of t he actuator

housi ng 42, as swm®h tionbEi geseriGtedhiezheptitios the spirit dthehel appehded 76.
The inlet passage sk extends 5 across the face 126 and through the

val ve cylinder 78 to the cylindrical bore 80. The | ocation
of the valve piston 104 at the extrene positions within the cylindrical
bore 80 dictates the comuni cation of the inlet passage 124 wth the

air-



10 chanbers 38 and 40. As seen in Figure 8, the inlet 122 is I n
comuni cation with the axial passage 118 of -the piston body 112 between
the Orings 114 and 115. The axi al passage 118 is also in

conmmuni cation with an air chanqm gmﬁ g EB. Thus, the inlet pressure
i's comuni cXQY/HE with the ailil ! 128. ThPFVYS%MRRber
passage 128 extends downwardly through the valve cylinder 78 and

then laterally to the air chanber 38. As can be seen from Figure 7,
there are two ports 130 extending downwardly to t he passage 128. Wre

t he val ve piston 104 positioned at 20 t4fe other extreme within the val ve
cylinder 78, the,inlet passage 124 woul d comruni cate with the axi al
passage 119 he piston body 112 between the O rings 115 and 116.

In this way, the intet PEssaEfeetsr wERX d2Be 3iF drivghmIeciREIAtiNGth the |
air chanber padeuime 1havihgougir 26hapbets #34h dilaphabymshasengiagsage 132

comuni cates Wyt S aki cr@.{% A0, g%&% YeiSCN the Fi

Ext endi ng upwar d?osﬁ hr ough ?lil}é va veegyl iﬁ e %’ ferg(r?n il:}Qethag&{{:u%ltiérxfdri cal
bores 80 ar e?Wé%?tsﬁi%sages 136 and 138. As can be seen in Figure 8,
when the val ve pi stam aliGdvia3vdf) positioned toward the small end, the air

chanber passage L3 2hhsbep @ggg b Caske MY 1\ oyl hatist ge 138.
Wth the val ve gi st%n, 11(113 posiét\al oné bt ovvaér}gh}tmﬁtegfgr %g(aéln ) cr&q?’%%'ai r
chanber passagE= RS Yely, coAnthe &4 FRINeYh the exhaust passage 136.
Thus, wi th the_ val \en pﬂ:é’tamst_l@dsssgepextex@tdﬁt@ fromnvche Bie valdwkl _toend,
pressurizedo ad¢modghere, Pl e4kUCalfudd1® HidsaGBATBEINE 2N G daltt ably Chamber
40 is opened to exhaust. The reverse’ls {rue w tﬁ!. t he val ve

restrictive as each of the air chamber passages and as the

air valve to air flow.

2, The actuator of claim 1, the exhaust passage

being more restrictive to air flow than each of the air

15 chamber passages and more restrictive to air flow than the
air valve.

3. The actuator of claim 1 further comprising
a diffuser including a first surface and a second
surface opposed to the first surface, at least one of the
20 first surface and the second surface being porous, the
exhaust passage extending through and being substantially
normal to one of the first surface and the second surface,
the first surface and the second surface being spaced to
provide a resistance to air flow at the exhaust pasgsage
25 which is substantially that of the resistance to air flow
of the exhaust passage.

4. The actuator of claim 1 further comprising
a diffuser including a first surface of the air valve
and a porous, second surface opposed to the first surface,
30 the exhaust passage extending through and being
substantially normal to the first surface, the first
surface and the second surface being spaced to provide a
resigstance to air flow at the exhaust passage which is
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8 pi ston 104 at the other end. By reciprocating the valve pi st on
104, the punp is driven to reciprocate as well. To reciprocate the
val ve piston dlfferentlﬁl l uuﬂn&ﬁﬁu&he two end al ve
pi ston 104 aré’% "w‘ﬁpl oyed Il %l l I i gure 7, t?\’gq.lﬁuﬁwﬁw\éassage
124 conmmunicates with a passageway 140 V\/m ch as seen in Fi gure 8,
comuni cates with a passage 142 extending . through the valve cylinder 78
to the small end of the val ve piston 404. This conmmunication between
the small 10 piston 120 and the inlet 122 is al ways open. Al so

associ ated wi t h substait 241 pAIGe oE24heS rasistamns IRPeaRyy fiddr asF gt seen
in Figure 7. Thi 144 extends to a passage 146 extending
t hrough t he ac%gg?yf%'ng 42 to the second gui deway 60 as best seen
15 in Figure 10. The passage 146 is controlled by the Oring 72. As
the pilot shifting shaft ¥he me¢aacdt o6f otknitKl,ethe £irOSkbtfitd @ndhe
other, the Ori @ge7ge85r955§§:£ta@3 B@§ﬁ§g§paced to provide a cylindrical

5 orifice area substantially equal to the cross-sectional

area of the exhaust passage.

6. The actuator of claim 1, the air valve including

an actuator housing having a valve cylinder with a

cylindrical bore closed at one end by the valve cylinder

10 and an end cap closing the other end of the valve

cylinder, the end cap having a plug with an O-ring

thereon, the plug and O-ring closely mating with the valve
cylinder.

7. The actuator of claim 6 further comprising a

15 diffuser, the actuator housing having an open diffuser

cavity, the diffuser including a block of porous material,

a first surface on the air valve cylinder and a second,

porous surface opposed to the first surface and being on

the block of porous material, the opened diffuser cavity

20 having retainer flanges extending into the cavity and an
open end closed by the end cap.



146 to provide communi cation to the axial passage 75 bet ween t he
O-rings 70 and 72. This axial passageway 20 comuni cates the passage 146
with a further passage 148 extending to the large end of the
cylindrical r , Thus, conmuni cati on between the i nd the
| ar ge eng%o%em?%é cylindrical bore 80 is controlled by ?ﬁ?"gﬁ%&ﬁ
shifting shaft 62. Wth the pilot shifting shaft 62 in 25 the position as

il lustrated in Figure 10, an exhaust passage 150 is in conmuni cation
wi th the passage 148 to vent the large end of the cylindrical bore 80.
Wth the small end of the valve piston 104 al ways pressurized and the
| arge piston end 106 controlled by the 30 pilot shifting shaft 62, the
| ocation of the valve piston 104 controll ed. When both ends of
t he. val ve piston e pressur e |arggr eriences nore
force. Conseque , t al ve pi st ves to t | end in the
position as illys h Figu . e pre he | arge
pi ston end 106 ifs 3 nen ' 2 hi#8 g shaft 62,
the pressure O71 1[54T
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9 on the snal
toward the | arge end.
di rection

iR a position

mRng

end then dom nates and forces the val ve

pi ston 104

The pilot shifting shaft 62 determ nes the

of punplng Assum ng that the pilot shifting shaft 62 is
illustrated in Figure 10 where the

St on

PerRsSRY

end 106 is ve val ve piston 104 will be forced | ar ge
end by the continuous pressure exerted on the snmall end thereof. This
is the position OpﬂOSIt.”.tO that shown in Figure 8. Under this
10 circunstance, the r chﬁgber 40 is in comflinication with the inlet
passage 124 and the gf'f Kha isin rﬂ’éonnunlcatlon wi th the exhaust
passage 136. Thus, tfh np w | ratle to nove the di aphragnms 44 and
46 until t he pi st|o ent] 5 he |di aphragm 44 contacts the 15
end-of the pilot shifftin he kclip ring 66. As the Oring
72 crosses over the pasgs 5, t P sjgndl | eti on of the di aphragm
stroke, the large end ¢f cyl i hdrjjchpl re 80 is pressurized.
Pressuri zation of the de en tihel dyl jindri cal bore 80 causes the
val ve 20 piston 104 to} spi quch {lh fliolv|islireversed to the air
chanmbers 38 and 40.| Thi{s i1 1 onfjt en jéxy gtisjunkil the pilot shifting
shaft 62 is again shjf i #Tgpn er pi conponent 56. The
configurations of the¢ yafi hassHJ b far 5 designed to avoid the
formati on of ice. (0] g sh t jf s, [gxpansi on of conpressed gas is
controlled. To this e h pagsages 136 and 138 are arranged
to be
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the nost restrictive as to air flowin the series of passages
communi cati ng exhausting flow fromeither of the 30 air chanbers 38 and

40. Consequently, the princi pal pressure drop occurs at the exit

rat her than i ody of the actuator housing 42 or the air valve 76.
The diffuser éﬁéﬁﬁ%@htributes to pressure dissipation i nF 17{9¢
conducive to the formation of ice. The 35 porous block 96 is preferably a

bl ock of sintered plastic 4 ffavipg 30 m cronJporgy size. The block 96 is
di spl aced fromthe airrf. ve 3F &g t he endg off/ t he exhaust passages
WD 97/ 17541 / [~PCT/ US96/ 17104

10 136 and 138 as bep ) The air valve 76

provides a first surface fqug
and 138. The bl ock of porjpds
which is opposed to the firisyf 4 surfaee andlicl

( )
[ 122 24

ekhaust passageways 136
pgjoyi des a second surface
ofel y-¥paced thereto.
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Enpirical testing has denonstrated that the proximty of the two
surfaces is of inportance. Wth the surfaces spaced too closely
together, flowradially fromthe end of t he exhaust passages 136 and
138 is greatly. r ed and 10 flow directly through the porous bl ock of
material 96 iesco’?'q%gbon cut off by the accunul ation of ice. FCTE3%ETHY t he
surfaces too far apart allows for full expansion very rapidly at the
outlets to the exhaust passages 136 and 138 W th quiescent areas within
t he space between the surfaces 15 to accunulate ice until flow is again
bl ocked. By sel ecting a spacing provid'Qg an annular orifice at the
end of the exhaust passages 136 and 138 rouglly equal in
cross-sectional area to the cfessprseciiohal—area g e passages 136
and-138, distribution into the diffuser 20 radialfly flromthe ends of the
passages 136 and 138 and t hr he por¢us Rl ock of material 196
is at maxi mum efficiency fin the, Begnbpdi nrgnt.  The cross
section of the annular orifide i g0 e spaci ng between
surfaces tinmes the circunfer £ N sage 136 or 138 at
the intersection with the 4 @ 76. The cross
section of the exhaggt pF R 0ss-sectional area
f ol \

at the intersection S ace of the

air valve 76. 30 THus, § qystgpm for and in

: j isclosed. Wile
joeen shown and

Jthe art that many

* FIG. 7
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I nventive concepts herein. The invention, therefore is WO

97/ 17541

11 not to be restricted except in the spirit of the appended cl ai ns.
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12 Cl ai nms 1. An actuator for an air driven reciprocating
devi ce having air chanbers with di aphragns extendi ng across each air
chanber, respectively, the actuator 5 conprising an air valve;

ai'r chamber pgard extending fromeach air chanber, respectively, to
the air val ve; Hisn an exhaust passage extending fromt BSPTIMy e to
10 atnosphere, the exhaust passage being at |east as ]
restrictive as each of the air chanber passages and as the air valve to
air flow. 2. The actuator of claim1, the exhaust passage

being nore restrictive to air flow than each of the air 15 chanber passages
and nore restrictive to air flow than the air val ve. 3. The
actuator of claim1 further conprising a diffuser including a first
surface and a second surface opposed to the first surface, at |east one
of the 20 first surface and the second surface being porous, the

exhaust passage extendi ng through and bei ng substantially normal to one
of the first surface and the second surface, the first surface and the
second surface being spaced to provide a resistance to air flow at the

exhaust passage 9
93 P) 76
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-25 whi ch isisubstantially that of the resistance to air flow of RAB1P COB
exhaust passage. 4. The actuator of claim1l further corrpri si ng

a diffuser including a first surface of the air val ve and a
second surface opposed to the first surface, the exhaust AeN
extending thro nd bein subst anti al I nor mal to t hel@gl ‘;(-‘
surface, the fi ;EE: surfacggﬂ’ﬁ é‘f Pei ng spa

brovi de_a prib@RhONAL AReLiR aRi i Yeriiv &ﬁsm@mvﬁ%m@ﬁém%ﬁ niry e

subst ar]GUptegetonLRste Copiigatipn i < ancd t o ﬁMﬂWé’P"WNmexhauﬂ’o 97117541

passagq. FO4B17/00,43/06 The act uat or} &k é, tl,gbqutwﬁrlgk surf age: Abfhsossn
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. —10

A pump having a center section (36) including an air % o w %
valve (76) is aranged with air chambers to either side of J \ n®®yelus) e
an actuator housing, Diaphragms are associated with the 1
air chambers to create enclosed cavities. Pumping chambers »
are positioned outwardly of the diaphragms and formed by w4 o
intake and exhaust manifolds (20, 22). The actuator uscs a w ; 21
pilot shifting shaft (62) which is shuttied by movement of w8 3
the disphragms. An sir valve is controlled by the shuttle & e
shifting shaft to control flow to and from the air chambers. L 10
The passageways from the air chambers to exhaust find the s 2|} e
passage to the outlet being at least as restrictive to air flow as :

the remainder of the passageways. A diffuser includes a thin s
space between two surfaces, one of the surfaces being part of
a porous block (96) of material.
2
o
—10
? [ 4
€ % ©
8¢
P & 5¢ 5
) (e)
n le
” »
» 2 o

&«




5 orifice area substantially equal to the cross-sectional area of the
exhaust passage. 6. The actuator of claim1l1, the air valve

i ncl udi ng an actuator housing having a valve cylinder with a
cylindrical bore closed at one end by the valve cylinder 10 and an end cap
closing the other end of the valve cylinder, the end cap having a plug
with an Oring thereon, the plug and Oring closely mating with the
val ve cyl i nder. 7. The actuator of claim®6 further
conprising a 15 diffuser, the actuator housing having an open diffuser
cavity, the diffuser including a block of porous material, a first
surface on the air valve cylinder and a second, porous surface opposed
to the first surface and bei ng on t he bl ock of porous material, the
opened di ffuser cavity 20 having retainer flanges extending into the cavity,
and an open end cl osed by the end cap.
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