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This invention relates to vacuum powered pumps and 
more particularly to an improved valving arrangement for 
alternately communicating the power chambers of such 
‘a pump with different sources of pressure. 

One problem in many vacuum operated pumps is that 
the selector valve arrangement therein for effecting a pres 
sure'differential across the power unit thereof often in 
cludes a large number of operative parts that are expen 
sive to vmanufacture; di?icult to service; susceptible to 
'wear‘; and a cause of reduced pump e?iciency because of 
a substantial power consumption. Furthermore, selector 
valving elements presently found in vacuum operated 
pumps may fail to operate in a desired timed relationship 
with the pumping action wherein the efficiency of the 
pump is undesirably reduced. 

Accordingly, an object of the present invention is to 
improve vacuum powered pumps or the like by the pro 
vision therein of an integral selector valve arrangement 
including a rotatable, reciprocating valving element for 
effecting the desired alternate communication of two 
sources of pressure with the power' chambers in the pump 
wherein linear movement of the valving element during 
rotation thereof prevents binding of the valving element. 
A further object of the present invention is to reduce 

the cost of manufacturing and servicing of a selector valve 
arrangement for association with a vacuum powered pump 
by reducing the number of operative parts therein. 
A still further object of the present invention is to im 

' prove the operative e?‘iciency and responsiveness of a 
selector valve for association with a vacuum powered 
pump by the provision of a reciprocable and rotatable 
.valving element controlled by’ a reciprocable actuator 
‘member and spring biased, cam guiding means for effect 
ing a desired alternate communication of two sources of 
pressure with the power chambers of the pump. 
A still further object of the present invention is to pro 

vide such an improved selector valve assembly including 
-a valving chamber having a coaxially aligned guide mem 
ber, valving element and actuator element therein with 
‘mutually cooperating cam‘surfaces thereon for effecting 
linearly guided and rotative movement of the valving ele 
ment to produce a desired alternate communication of 
two pressure sources with the power chambers in the pump 
and wherein the operative parts of the selector valve as 
sembly are quickly disassembled from the valving cham 
ber as a unit. 

Further objects and advantages of the present inven 
tion will be apparent from the following description, ref 
erence being had to the accompanyingldrawings wherein 
a preferred embodiment of the present invention is clear 
ly shown. 

In the drawings: 
FIGURE 1 is a schematic view showing the pump of 

the present invention in association with an auxiliary air 
system of an automotive vehicle; 
FIGURE 2 is a view in vertical section taken along the 

longitudinal axis of the improved pump; 
FIGURE 3 is a view in vertical section taken along the 

line 3—-3 of FIGURE 2; 
FIGURE 4 is a view in horizontal section taken along 

I the line 4—4 of FIGURE 3; 
FIGURE 5 is a view in top elevation of a valving ele 

ment of the present invention; ’ ' 
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FIGURE 6 is a view in top elevation of a guide mem 

ber of the present invention; 
FIGURE 7 is a view in top elevation of a valve element 

actuator member; and 
FIGURE 8 is a fragmentary view, partially in elevation 

and partially in section, showing the valving assembly in 
an intermediate operative position. 

Referring now to the drawings, in FIGURE 1 an aux 
iliary air supply system is illustrated including a vacuum 
operated compressor 10 constructed in accordance with 
certain principles of the present invention having a vacu 
um line 12 connected thereto and a pair of manifolded 
discharge lines 14, 15 supplying a reservoir 16 having an 
outlet line 18 therefrom for supplying compressed air to 
an air horn, an auxiliary air lift suspension system or the 
like. - - - 

In FIGURE 2., the improved vacuum operated pump 
.10 more particularly is illustrated as including a ?rst 
housing portion 20 and a second housing portion 22, each 
having peripheral ?ange portions 24 joined at suitable 
circumferentially spaced locations by suitable fastening 
means, for example, screws 26. Within the housing 
portions 20, 22 is a ?exible diaphragm element 28 that 
extends completely across the pump housing where the 
outer peripheral edge is held between the housing ?ange 
portions 24 in sealing engagement therewith. The dia 
phragm 28 serves in conjunction with housing portions 20, 
22 to form a power chamber 30' and a power chamber 32 
on either side of the diaphragm 28, respectively. Di 
rected axially through the power chambers 30, 32 is a 
piston rod 34 including a ?rst portion 36 within the cham 
ber 39 having a threaded end thereof directed through the 
diaphragm 28 centrally thereof into threaded engagement 
with one end of va second portion 3 of the rod 34 located 
within the chamber 32. The diaphragm‘ 28 is thereby 
held in sealing engagement between the two-piston rod 
portions 36, 38 and in operative engagement with rod 34 
whereupon it is reciprocated when a pressure differential 
occurs across diaphragm 28. 
The piston rod portion 36 is arranged coaxially with a 

pump cylinder 40 formed as an integral projection from 
the housing portion 20 and the piston rod portion 38 sim 
ilarly is coaxially aligned with a like pump cylinder 42 
formed as an integral projection from the housing por 
tion 22. Within the pump cylinder 42 is slidably mounted 

V a piston 44 secured to the piston rod portion 38. The 
piston 44 includes an annular seal element 46 and an in 
let valve assembly representatively shown as including a 
ball check element 48 biased by a suitably retained spring 
50 into valve sealing engagement with a seat formed in a 
passageway 52 communicating with power chamber 32 
and the interior of cylinder 42. A discharge valve assem 

. bly-for the pump cylinder 42 is representatively illus 
trated as including a ?tting 54 threadably secured in the 
end of the cylinder 42 to locate a passageway '56 to the 
discharge line 14 in communication with the pumping 
cylinder 42. Within the passageway 56 is located a ball 
element 58 biased by a spring 60 into sealing engagement 
with a seat element 62 for preventing ?ow from the high 
pressure reservoir 16 into an expanding pump volume in 
the pump cylinder 42. A similar piston 64 is secured 

. to the piston rod portion 36 to be slidably mounted within 

70 

the pump cylinder 40in sealing engagement with the 
interior walls thereof. A discharge valve is supported on 
the pump cylinder 44) for preventing ?uid ?ow back into 
an expanding pumping volume in cylinder 40. , 

In the vacuum pump illustrated in FIGURE 2, a pump 
ing arrangement is illustrated wherein, upon selectively, 
alternately directing a source of vacuum and atmospheric 
pressure to either of the power chambers 30, 32, a differ 
ential force is produced across the diaphragm 28 for re 

' ciprocating the piston rod 34 and piston elements 44, 64 
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thereon so as to produce a double-acting, single-stage 
compression of atmospheric air. 

In accordance with certain of the principles of the pres 
ent invention the pumping structure is made more e?i~ 
cient and more economical to manufacture by ‘the inclu~ 
sion therein of improved means to effect the alternate com 
munication of power chambers 30, 32 with atmosphere 
and a source of vacuum. ‘More particularly, an improved 
selector valve assembly 66 is included in an enlarged 
shoulder portion 68 formed integrally with the housing 
portion 22. The shoulder 68 has a large diameter open 
ing '70 therein closed at the upper end thereof by a 
threaded cap element 72 having an opening 74 there 
through communicating the opening 70 with atmosphere. 
Below the large diameter opening 70 in shoulder portion 
68 is formed a smaller diameter Opening 76 communicat 
ing with a passageway 78 perpendicular thereto and 
formed in an exteriorly threaded side extension 80 of the 
housing shoulder portion 68 serving as an inlet ?tting for 
connection to the vacuum line 12 whereby the small di 
ameter opening 76 is in communication with a source of 
vacuum, for example, the inlet manifold of the automo 
bile. 

Within the shoulder 68 opposite to extension 80 there 
in is formed a passageway 82 having one end thereof 
opening into the large diameter opening 70 and being 
inclined downwardly, as best illustrated in FIGURE 3, to 
intersect an axially directed passageway 84 in body por 
tion 22 that is in communication with the power chamber 
32. Likewise, housing portion 22 includes an axial pas 
sageway 86 therein located above passageway 84 and to 
one side thereof, as best illustrated in FIGURES 2 and 3, 
for communication with an opening 88 through diaphragm 
28 adjacent the outer periphery thereof and an opening 
90 in housing portion 20 aligned with the opening 88 
whereby chamber 30 is communicated with opening 70. 

Referring now more particularly to the valving assem 
bly 66, it can be seen with reference to FIGURE 2 that 
the assembly is comprised of a relatively small number of 
working parts more speci?cally including a spring ele 
ment 92, a valving element 94, a guide member 96 and a 
valve actuator assembly 98, all arranged coaxially with 
one another within the large and small diameter openings 
70, 76. The valving element 94, more speci?cally, is gen 
erally cylindrically shaped and is supported in slidingly 
sealing engagement with the inner wall formed by open 
ing 70 to thereby serve to divide the opening into an at 
mospheric pressure region 97 and a vacuum pressure 
region 99. 
The valve actuator assembly 98 is operated upon re 

ciprocation of the piston rod 34 by axially spaced, gen 
erally conically-shaped cam surfaces 100, 102 on the 
piston rod portion 38 which slidably engage a plunger 
element 104 of assembly 98 directed through the body 22 
into the opening 76 coaxially therewith. Camming en 
gagement between the shoulders 100, 102 and the element 
104 causes it to be moved linearly against the biasing 
action of a return spring 106 surrounding the plunger 104 
and having one end thereof biased against the underside 
of the guide element 96 and the opposite end thereof en 
gaging a disc element 108 snapped into a groove on the 
plunger 104. Fluid leakage from the opening 76 into 
the pump chamber 32 along the plunger 104 is prevented 
by an annular sealing element 110 in body 22 surround 
ing the plunger 104 in sealing engagement therewith. 
The upper end of the plunger 104 of actuator 98 has 

crossed and mutually perpendicularly arranged actuating 
members 112, each having a somewhat semicircular cross 
section and each being linearly guided by a groove 114 in 
the guide member 96 where each of the grooves 114 inter 
sects a central opening 116 in the guide member. Con 
centrically located within opening 116 is a guide ring 
117 through which the upper end of the plunger 104 moves 
upon actuation thereof by the camming surfaces on piston 
rod 54 and spider arms 118 on member 96 serve to sup 
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4 
port ring 117. The relationship between grooves 114 and 
actuating members 112 is maintained by a set screw 119 
for preventing relative rotation of the guide member 96 
with respect to the body portion 22. 
The guide member 96 further includes diametrically 

opposed pairs of upwardly curving guide surfaces 120, 
121 between each of the guide openings 114 with each 
such surface having a leading shoulder 122 and a trailing 
shoulder 124, as best illustrated in FIGURE 6, with the 
leading and trailing shoulders 122, 124 of adjacent curved 
surfaces 120 serving to de?ne the guide grooves 114. 
When the valving element 94 is in the controlling posi 

tion illustrated in FIGURE 2 the curved upper surfaces 
120, 121 supportingly receive like curved surfaces 126, 
127, respectively, formed on depending projections 128 
on the underside of the valving element 94 with the pro 
jections 128 also including a shoulder 130 thereon that is 
biased against one of the leading edges 122 on the guide 
member 96 by engagement of the spring element 92 on the 
upper surface of the valving element 94. By virtue of the 
interlocking or indexing relationship between guide mem 
ber shoulders 122 and valve projection shoulders 130, a 
first pair of diametrically opposed recesses 132, 133 formed 
in the outer periphery of valving element 94 between the 
upper end thereof and a point above the lower end thereof 
are arranged so that recess 132 is in overlying relationship 
with the intersection between passageway 86 and the large 
diameter opening 70 whereby the pumping chamber 30 is 
communicated with atmosphere through passageway 74, 
the atmospheric pressure region 97, the recess 132, pas 
sageways 86, 88 and 90. Likewise, a pair of diametri 
cally opposed recesses 134, 135 in the outer periphery of 
the generally cylindrical valving element 94 at a point 
therein located ninety degrees from the recesses 132, 133 
and formed from the bottom of the valving element to 
a point spaced from the top thereof are arranged so that 
the recess 135 overlies the end of the passageway 82 
whereby the pumping chamber 32 is communicated with 
a source of vacuum through passageway 78, small diam 
eter opening 76, opening 116 in the guide member 96 and 
thence into the low-pressure region 99 of the valving as 
;embly 66 through the recess 135 and passageways 82, 
4. 
Upon so communicating chambers 30, 32 with atmos 

phere and vacuum, respectively, the pressure differential 
across diaphragm 28 reciprocates the piston rod 34 to 
cause the piston 44 to compress ?uid in the pumping cyl 
inder 42 from whence it is discharged through the dis 
charge valve into the high-pressure reservoir 16. Dur 
ing reciprocation of rod 34 in this direction, the cam 
ming surface 100 forces the plunger 104 vertically, as il 
lustrated in FIGURE 8, whereby the upper semicircu~ 
larly curved actuating elements 112 engage the curved 
surfaces 126, 127 on the valving element projections 128 
to raise the valving element 94 linearly upwardly in the 
large diameter opening 70 of the valving assembly 66. 
During linear movement of the valving element, shoulders 
130 on the valving element and guide shoulders 122 on the 
guide member 96 are held in sliding engagement by the 
spring 92 to prevent rotative movement of the valve 66 
into another of its controlling positions. However, at 
a point slightly before the end of the piston stroke, the 
cam surface 100 raises the plunger 104 su?‘iciently to 
cause the shoulder 130 to clear the guide shoulder 122 at 
which time the curved surface 126 slides downwardly on 
the semicircularly curved head of member 112 and is 
forced downwardly by the spring 92 clockwise along the 
adjacent curved guide surface 121, as illustrated in FIG 
URE 8. The valve element 94 is thereby rotated until 
the shoulder 130 on the trailing projection 128 engages 
the side of the raised actuating member portions 112 at 
the base of surface 120 in FIGURE 8. The valve is there 
by stopped following substantially a ninety degree rota 
tion preferably before completion of the upward move 
ment of the plunger 104 whereby the valve will be in its 
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second controlling position immediately upon comple 
tion ‘of the above-discussed compression stroke. Linear 
movement during actuation, to different control positions 
'_also serves to prevent the valve from binding within open 
;i?'s 7°- . _ . . . 

I When in its second controlling position, the ‘recess 135 
‘is located toroverlie the opening ‘86 whereby the cham 
ber 30 is communicated with the source of vacuum 
through the ?uid passageways discussed above and at the 
“same time the recess 133 is rotated to overlie the passage 
‘way 82 whereby the chamber 32 is communicated with 
‘atmosphere through the ?uid passageways described 
above. Accordingly, the pressure differentials across the 
diaphragm 28 are thus alternately reversed and the piston 
rod 34 is thereby reciprocated in opposite directions to 
cause pistons 44, 64 to compress ?uid in cylinders 40, 42 
and discharge it through conduits 14, 15 into the reservoir 
16. When the pistons move toward their respective 
power chambers 30, 32, a vacuum is produced in the ex 
panding pump chambers formed by cylinders 40, 42 so as 
to cause ball 58 to seat and ball 48 to open whereby ?uid 
is drawn‘into cylinders 40, 42 from chambers 36}, 32. 
While the valving assembly is illustrated in association 
witha double-acting, single-stage vacuum powered pump, 
_it is equally well suited for association with a vacuum 
powered pump of the double-acting, two-stage type as 
villustrated in the copending application of Frank E. La 
Flame',‘ Serial No. 120,642, ?led June 29, 1961, now 
Patent No. 3,151,804, or any other operative device re 
quiring the controlled valving of two sources of ?uid to 
two or more points of use. Since the valving element re— 
quires only a small amount of power to be actuated, it is 
specially suited for use in vacuum powered pumps. It 

‘is, however, also suited for use in other pump environ 
ments, as for example, a pressure powered pump that is 
either diaphragm or piston actuated. 
One feature of the above-described arrangement is that 

the component parts‘of the valve assembly 66 can be re 
moved for repair or cleaning merely by unscrewing the 
cap 72 and set screw 119 and extracting the coaxially ar 
ranged spring element 92, valving element 94, guide ele 
ment 96 and valve actuator assembly 98 from the con 
centrically arranged openings 70, 76 in the body 22 as 
a single unit. 

In light of the above remarks, it will be appreciated 
that the present invention reduces the cost of manufactur 
ing vacuum powered pumps and the like and also simpli 
?es maintenance and increases e?iciency and the reliabil 
ity of operation of such pumps. 
While the embodiment of the present invention as here 

in disclosed constitutes a preferred form, it is to be under 
stood that other forms might be adopted. 
What is claimed is as follows: 
1. A vacuum pump assembly comprising, a housing, 

diaphragm means in said'housing cooperating therewith 
for forming ?rst and second power chambers, said hous 
ing including ?rst and second compression cylinders on 
either side of said diaphragm means, a piston rod directed 
through said power chambers and having opposite ends 
thereof coaxial with said ?rst and second compression 
cylinders, piston means on either end of said piston rod 
slidably supported within said ?rst and second cylinder 
means, said piston rod secured to said diaphragm means 
for reciprocation thereby, a valve chamber in said hous 
ing, ?rst and second passageway means in said housing 
communicating said ?rst and second power chambers with 
said valve chamber, valve means rotatably supported 
within said valve chamber, said valve means including an 
outer peripheral surface slidably sealingly engaging said 
housing for dividing said valve chamber into two pres 
sure regions, means forming ?rst and second passage 
ways in said valve means for alternately communicating 
said ?rst and second housing passageways with the 
two pressure regions, and actuator means for unidirec 
tionally rotating said valve means within said valve cham 
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6 
ber during opposite ‘reciprocation of said pistonrod by 
said diaphragm means to effect such alternate communi 
cation. ‘ 

2. In the combination of claim 1, said actuator means 
‘including means for reciprocating said valve means with 
in said valve chamber to prevent rotative binding there— 
of with respect to said housing. > 

3. In a vacuum pump the combination of avhousing, 
diaphragm means in said housing forming therewith ?rst 
and second power chambers, said housing means includ 
ing a valve chamber communicating with atmosphere 
and a source of vacuum, means forming ?rst and second 
passageways in said housing for communicating said ?rst 
and second power chambers respectively with said valve 
chamber, a rotatable valve element in said valve cham 
ber including portions thereon cooperating with said hous 
ing means for separating said valve chamber into an at 
mospheric side and a vacuum side, means forming a re 
cess in said rotatable valve element for alternately com 
municating said ?rst and second housing passageways 
with atmosphere and vacuum, a piston rod secured to said 
diaphragm means for reciprocation thereby, and valve ac 
tuator means including a reciprocable plunger selectively 
engaged by said piston rod upon opposite reciprocation 
thereof, said valve actuator means including means re 
sponsive to movement of said plunger for unidirectionally 
rotating said valve element during opposite reciprocation 
of said piston rod whereby said valve element alternately 
communicates said ?rst and second power chambers with 
atmosphere and a source of vacuum for effecting the re 
ciprocation of said piston rod. 

4. In the combination of claim 3, said actuator means 
including means for selectively reciprocating said valve 
element upon reciprocation of the piston rod. 

5. In a valve assembly for a differential pressure piston 
driven pump having a reciprocable piston rod the com 
bination of, a valve housing forming a chamber com 
municable with a ?rst and a second source of pressure, 
a rotatable valve‘ element supported within said valve 
housing chamber and cooperating therewith to divide said 
chamber into a high-pressure and a low-pressure region, 
passageway means in said rotatable valve element com 
municable with the high and low-pressure regions, a guide 
member Within said valve chamber having a guide sur 
face thereon, a valve actuator element having a portion 
thereof engageable with said valve element, said actuator 
element portion being linearly guided by a ?rst part of 
the guide surface in said guide element, a depending pro 
jection on said rotatable valve element guidably engaged 
by a second part of said guide surface in said guide mem 
ber, said valve actuator element serving to move said’ 
valve member linearly out of guided engagement with 
said guide element, said valve element projection and ac 
tuator element portion coacting upon movement of said 
valve element out of guided engagement with said guide 
member to rotate said valve element. 

6. In a valve assembly for a differential pressure driven 
pump having a reciprocable piston rod, the combination 
of, housing means forming a valve chamber, a guide mem 
ber in said chamber, valve means in said chamber for 
dividing said chamber into two pressure regions, ?rst co 
acting surfaces on said valve means and guide member 
for indexing said valve means in a ?rst predetermined 
position, valve actuator means, second coacting surfaces 
on said valve member and said actuator means inclined 
toward said ?rst coacting surfaces, spring means for 
biasing said ?rst coacting surfaces together, said valve 
actuator means including means for moving said second 
coacting surfaces a predetermined distance for disengag 
ing said ?rst coacting surfaces to effect a predetermined 
movement of said valve means in said chamber. 

7. In the combination of claim 6, said valve actuator 
means including an elongated rod and a valve member 
lifting portion, said rod adapted to be moved linearly up 
on reciprocation of the pump piston rod for effecting 
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movement of said valve means out of engagement with 
said guide member. 

8. In the combination of claim 6, said valve member, 
guide member and spring means being arranged colinearly 
for quick removal from said valve chamber. 

9. In a valve assembly for a diiferential pressure pis 
ton driven pump having a reciprocable piston rod, the 
combination of, housing means forming a valve chamber, 
passageway means in said housing means, a generally 
cylindrical rotatable valve member supported within said 
valve chamber having an outer peripheral portion slid 
ably sealingly engaging said housing means to divide said 
chamber into a high and a low-pressure region, said valve 
element including recess means communicating with the 
high and low-pressure regions of said valving chamber, 
said recess means including a ?rst pair of diametrically 
opposed recesses extending along a ?rst part of the outer 
periphery of said valve member in communication with 
one of the pressure regions and a second pair of diametri 
cally arranged recesses formed along a second part of the 
outer periphery of said valving member in communica 
tion with another of the pressure regions, and means 
adapted to be responsive to reciprocation of the piston 
rod for selectively unidirectionally rotating said valve 
member to alternately locate the ?rst and second pairs of 
valve recesses in communication with said valve housing 
passageways. 

10. In a vacuum pump having a diaphragm actuated 
piston rod, the combination of, a valve housing, a rotata 
ble valve element within said housing having ?rst cam 
means thereon, a guide member in said housing having 
second cam means thereon for linearly guiding said valve 
element relative to said guide member, valve actuator 
means for linearly moving said valve element with re 
spect to said guide member for moving said ?rst and 
second cam means out of linearly guided engagement, said 
?rst cam means and said actuator means including coop 
crating inclined surfaces thereon for rotatably guiding 
said valve element following movement thereof out of 
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linearly guided relationship with said guide member, 
means for biasing said valve element relative to said actu; 
ator means for effecting guided relative rotation there 
between, said second cam means on said guide members 
limiting rotation of said valving element following a pre 
determined advancement thereof with respect to said valve 
housing. . 

11. in a valving mechanism for association with a 
vacuum powered pump having a diaphragm actuated pis 
ton rod the combination of, housing means forming a 
valve chamber, a generally cylindrical valve element sup 
ported within said valve chamber and cooperating with 
said housing means for separating said valve cylinder into 
high and low-pressure regions, spring means in said valv 
ing chamber on one side of said valve element for bias 
ing it in a ?rst direction, a guide member in said valve 
chamber on the opposite side of said valve element hav 
ing a camming surface thereon, a depending projection 
on said valve element, said camming surface on said guide 
element cooperating with said depending valve projection 
for linearly guiding said valve element, valve actuator 
means including a portion engageable With said depend 
ing valve projection for moving said valve element lin 
early out of guided relationship with said guide member, 
said spring producing relative cam guided rotation be 
tween said valve element and said actuator means upon 
movement of said element out of linearly guided relation 
ship with said member. 
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