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ABSTRACT OF THE DISCLOSURE

A two position reciprocatable valve for causing auto-
matic’ reciprocation of a piston.

The present invention relates to a valve construction,
and more particularly to a two-position reciprocable
valve,

The present invention deals with an air directional
valve which, in the specific form shown and described,
can be used in the multiple stroke rivet installation tool,
shown and described in the copending application of
George J. Van Hecke et al., Ser. No. 408,828, filed Nov.
4, 1964. In that particular application the air directional
valve is utilized to reciprocate rapidly between two posi-
tions to alternate the flow of air to opposite sides of a
pair of tandem pistons. In such an application it is im-
portant that the air directional valve not stall between
positions whereby the reciprocation of the tandem pistons
is stopped; it is also important that the amount of wear,

etc., on the air directional valve be minimized to insure |

a long life. Therefore, it is an object of the present in-
vention to provide a novel valve.

- It is another object of the present invention to provide
a novel two-position reciprocable valve.

It is another object of the present invention to provide
a novel air directional valve specifically for use in appara-
tus such as shown and described in the above-noted co-
pending patent application, )

It is still another object of the present invention to
provide a novel valve adapted for rapid reciprocation
between two positions, '

Other objects, features, and advantages of the present
invention will become apparent from the subsequent de-
scription and the appended claims, taken in conjunction
with the accompanying drawing, in which:

The drawing is a fragmentary view of a combination
schematic and sectional representation of a portion of a
power supply including a preferred form of the valve of
the present invention.

Looking now to the drawing, a portion of a power
supply is generally indicated by the numeral 10 and is of
the type shown in the above noted copending patent ap-
plication. Since the specific details of the power supply
10 do not constitute a part of the present invention, and
since all these details are not required for the under-
standing of the valve of the present invention, only those
portions of the power supply 10 necessary to an under-
standing of the operation of the valve of the present in-
vention have been shown for the purposes of simplicity.
The power supply 10 includes a housing member 12
which includes a pair of cylinders 14 and 16. Cylinders
14 and 16 are axially spaced and coaxially located and
a through ‘bore 17 extends between the cylinders 14 and
16 and along the axis thereof, and a second through bore
18 extends between the cylinders 14 and 16 and is axially
offset from the central axis thereof. A pair of pistons
20 and 22 are located within the cylinders 14 and 16,
respectively, and are connected together by a common
shaft assembly 24 which has an intensifier piston 26 lo-
cated generally midway therealong. Intensifier piston 24
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is located in an enlarged portion 28 of the bore 17 to pro-
vide an output of intensified fluid pressure. A first pas-
sageway 30 connects the upper portion of the enlarged
cylinder portion 28 and a second passageway 32 connects
the lower end of the enlarged cylinder portion 28. A pair
of ball check valves 34 and 36 are connected to the pas-
sage 30 in a manner such that on the downward stroke
of the intensifier piston 26, fluid is drawn into the upper
portion of the enlarged cylinder portion 28 through the
check valve 36 to replenish that portion while intensified
fluid is transmitted out through the passageway 32. On
the upward stroke of the intensifier piston 26, the check
valve 36 is closed and intensified fluid pressure is trans-
mitted through the passageway 30 through the check
valve 34, a pair of check valves similar to the valves
34 and 36 can be provided to be operative with the pas-
sageway 32 whereby fluid pressure can be transmitted
from the passageway 32 on a down stroke of the intensi-
fier piston 26 and fluid can be transmitted to replenish
the cylinder portion 28 upon an upward stroke of the
intensifier piston 26. The remaining details of such a
power supply 10 are included in the copending patent
application previously noted.

As contemplated in the copending patent application
previously noted, hydraulic pressure is obtained out from
the passageways 30 and 32 through reciprocation of the
intensifier piston 26 in response to reciprocation of the
tandem pistons 20 and 22 which are actuated by pneu-
matic pressure. The upper or head end of the cylinder 14
is connected to a passage 38 while the upper or rod end
of the cylinder 16 is connected to the same passage 38.
Thus air under pressure can be transmitted to the pas-
sageway 38 to both the head end of the piston 20 and the
rod end of the piston 22, thereby causing the tandem pis-
ton structure to be moved downwardly. A second passage-
way 40 communicates with the lower or rod end of the
cylinder 14 and with the lower or head end (not shown)
of the cylinder 16 such that upon application of air pres-
sure to the passageway 40 pressure will be exerted both on
the rod end of the piston 20 and the head end of the pis-
ton 22, causing the tandem piston structure to be moved
upwardly. Air pressure is alternated between the passages
38 and 40 such that when the one passageway is pressur-
ized the other is open to exhaust or atmosphere to thereby
permit the reciprocation of the tandem pistons 20 and 22.
The connection of the passageways 38 and 40 alternately
to pressure and exhaust is effected by the air directional
valve assembly 42, which is located matably within the
bore 18 and includes a series of annular grooves 46, 48,
50, .52 and 54 located in its outer surface. The grooves
46 and 54 are located at opposite extremities of the fixed
body 44. The groove 46 is connected in communication
with the through bore 56 by means of a pair of diametri-
cally extending ports 58 and 60. The groove 48 communi-
cates with the bore 56 by means of a diametrically ex-
tending port 62. The groove 50 is in communication with
the bore 56 by means of a diametrically extending port
64. The groove 52 is in communication with the bore 56
by means of a diametrically extending port 66 and the
groove 54 is in communication with the bore 56 by means
of a pair of diametrically extending ports 68 and 70. The
annular groove 56 is connected to atmosphere by means
of a passageway 72 in the housing member 12. While the
annular groove 54 is in communication with amosphere
by means of a passageway 74 in the housing member 12,
the annular groove 50 is in communication with pressuz-
ized air by means of a passageway 76 in the housing mem-
ber 12. The passageway 38, previously described, is in
communication with the annular groove 52 by means of
a passageway 78 in the housing member 12, while the
passageway 40, previously described, is in communica-
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tion with the groove 48 by means of the passagéway 80 in~
the housing member 14. )

The passageway 58 at the upper end of the body mem-
ber 44 is defined in part by an enclosing cap member 82,
which is located at the upper end of the bore 18 while
the passageway 70 at the bottom end of the body member
44 is defined in part by a cap member 84 at the bottom or
lower end of the bore 18. The caps 82 and 84 serve a
purpose to be described. :

-Caps 82 and 84 in general enclose the cavity defined by
the through bore 56 in which is located a movable valve
body member 86. The valve body member 86 is provided
with a pair of cavities 88 and 90 which extend inwardly
from opposite ends. An actuating pin member 92 ex-
tends through a bore 94 in the cap 82 and has at its inner
end and within the cavity 88 a cup portion 96 which re-
ceives a coil spring member 98, which is precompressed
to normally maintain the pin 92 in its outermost position
against a retaining ring 100. Similarly, at the opposite end

within the cavity 90 is located a pin 102 which extends :

outwardly through a bore 104 at the end of the cap 84.
The pin 104 has a cup portion 106 located within the
cavity 90 in which is housed a spring member 108 which
is under a precompression to maintain the pin 102 in its
outermost position against a retaining ring 110. The bore
56 has a pair of annular grooves 112 and 114 which have
a radial cross section defining a portion of a circle. The
movable body member 86 is provided with a ball detent
assembly 116 which is located in a diametrically through
bore 118. The ball detent assembly includes a ball bearing
120 and a cup member 122 which has an end portion 124
which defines a portion of a sphere of a diameter similar
to that of the ball bearing 120. A spring member 126 is
located within the cup member 122 and is under precom-
pression to exert a force against both the ball bearing 120
and a cup member 122 to maintain them separated. The
movable body member 86 is provided with a pair of
axially spaced, elongated annular grooves 128 and 130 in
its outer surface. The groove 128 is located at the upper
half of the movable body member 86 and is provided of
a length to be constantly in communication with the port
62 and hence passageway 80 and hence the connectinig
passageway 40. The annular groove 128 is provided to be
of a length such that with the movable body member 86
in its uppermost position as shown in the drawing, the
groove 128 will communicate with the through port 60
and hence with the annular groove 46, thence with the
passageway 72 to connect thereby the passageway 40 to
exhaust. Thus in the position as shown, the rod end of the
piston 20 and the head end of the piston 22 will be con-
nected to exhaust. The annular groove 128 is of a suffi-
cient length and is located such that with the valve body
86 moved downwardly in its lowermost position, the
groove 128 will no longer communicate with the port 60
and hence will no longer communicate with the atmos-
phere through the passageway 72, but will be in a position
in which it is then in communication with pressurized air
via the passageway 76, the annular groove 50 and the
port 64 whereby pressurized air is communicated to the
passageway 40 and to the rod end of the piston 20 and
the head end of the piston 22 to cause the tandem piston
assembly to move upwardly. The annular groove 130 is
constantly in communication with the passageway 38 via
the passageway 78, the annular groove 52 and the porf
66. With the valve body 86 in its upper position, as shown
in the drawing, the annular groove 130 is in communica-
tion with the pressurized air from passageway 76 through
the annular groove 50 and port 64 thereby applying pres-
sure to the head end of the piston 20 and to the rod end
of the piston 22; note that as per the prior discussion of
the annular groove 128, at the same time, the rod end of
the piston 20 and the head end of the piston 22 are con-
nected to exhaust. With the valve body 86 in its lower-
most position, the annular.groove 130 is no longer in
communication with the source of air pressure through
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the passageway 76 and is moved in communication with

the annular groove 54 via the port 68 and thence to com-
municate with the atmosphere via the passageway 74
thereby connecting the head end of the piston 20 and the
rod end of the piston 22 to exhaust; note that as per the
prior discussion of the groove 128, at the same time, the
rod end of the piston 20 and the head end of the piston
22 are connected to the source of air pressure thereby, re-
sulting in movement of the tandem piston assembly in'an
upward position. The passageways 72 and 74 can be either
connected separately to atmosphere or together through a
common passage.

Note that by reciprocation of the -body 86 between
the two positions shown and described, the result will be
pressurization first on one side of the tandem pistons 20
and 22 to cause movement in one direction and then auto-
matically to the other side to cause movement in an op-
posite direction. The two positions are definitely located,by
means of the detent assembly 116. Thus, with the movable
body 86 in its uppermost position, the detent assembly 116
will be in groove 112 and will maintain the movable body
86 in that position. With the body member 86 in its lower-
most position, the detent assembly 116 will then be en-
gaged in the annular groove 114 to thereby maintain the
movable body 86 in that position. Movement between the
two positions represented by the annular grooves 112 and
114 is caused by the contact of the piston heads 20 and 22
with the pins 92 and 102, respectively. With the apparatus
in the condition as shown in the drawing, pressurized air
is communicated to the head end of the piston 20 and to
the rod end of the piston 22 thereby causing movement of
the tandem piston assembly in the downward direction. As
the movement of the tandem piston assembly approaches
its lowermost position, the bottom side of the piston 20
will engage the pin 92 moving it downwardly against the
force of the spring 98; the body member 86, however,
will not yet move. As the motion of the piston 20 con-
tinues downwardly, the force exerted upon the spring 98
increases until the pin 92 bottoms out in the cavity 88, at
which time the locking forcé of the detent assembly 116
within the groove 112 is overcome, whereby the stored
energy in the spring 98 causes the body 86 to move down-
wardly; the movement of the body member 86 will be ter-
minated as the detent assembly 116 engages the second an-
nular groove 114. This, then, changes, i.e., reverses, the
pressure conditions of the passageways 38 and 40 such
that pressurized air is then applied to the rod end of the
piston 20 and to the head end of the piston 22 causing the
tandem piston assembly to move upwardly. This motion
will be continued until the piston 22 engages the pin 102
and the spring 108 is compressed; when pin 102 bottoms
out in cavity 90 the detent assembly 116 will be unscated
from the groove 114 and the movable body 86 will then be
moved upperwardly until the detent assembly 116 seats
within the annular groove 112 and the cycle is ready to be
repeated. Note that by using the springs 98 and 108, a posi-
tive, snapping action in the motion of the movable body
86 is assured, since the stored energy of the springs 98 and
108 as each is compressed, will assure that the valve body’
86 will move to the next position. By this means the valve:
assembly 42 in conjunction -with the operation of the
pistons 20 and 22 will automatically cause reciprocation of
the tandem piston assembly. The specific means for actuat-
ing and deactuating the valve assembly 42 and the tandem
piston assembly is shown and described in the above-noted,
copending patent application. ) . - .

The ball bearing 120 and the Spherical seat 124 of the

~ spring retainer 122 provide a relatively large bearing sur-

face area such that the wear thereupon is minimiized
whereby the life of the ball 120 and of thé spherical seat
portion 124 of the retainer 122 is enhanced. By providing'
the enlarged surfaces of contact between the ball 120, the
spherical seat 124 and the grooves 112 and 114, the
bearing loads required for effective Tocking action by the
spring 126 can be readily provided with minimum wear.
This is of importance since the movable body 86 will be
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subjected to a substantial number of cycles and hence wear
must be maintained at a minimum to provide -adequate
life. - - o . ' - :

A diametrical clearance is provided between the outer
ends of.the body member 86 -and the inside diameters of
the caps 82 and 84 such that in its uppermost position, the
port 70.will be communicated with the volume at that end
of the body member 86 enclosed by the. cap 84. Likewise,
with the movable: body 86 in. its lowermost. position, the
volume at.the end.enclosed by the cap 82 will be com-
municated to the port 58. This will .prevent the air.under
the caps 82 and. 84 from. being trapped. and pressurized;
if -air were permitted to be .pressurized at these.locations
the forces required to cause shifting of -the body mem-
ber 86 can vary under different conditions and hence up-
set the reciprocating action of movable member 86 and
hence of tandem pistons 20 and 22.

‘While it will be apparent.that the preferred embodi-
ment of the invention disclosed is well calculated to fulfill
the objects above stated, it will be appreciated that the
invention is susceptible to modification, variation and
change without departing from the proper scope or fair
meaning of the subjoined claims. ' :
. What is claimed is: . . .

1. A valve assembly adapted to.be supported in a bore
in'a housing member for communicating a first pair of pas-
sages to a second pair of passages comiprising: a fixed body
member fixedly mounted in the bore and having a through
bore, said fixed body member having a plurality of annular
grooves each in communication with a different one of the
first and second pair of passages in the housing member
and a plurality of passageways each communicating a
different one of said first plurality of annular grooves with
said through bore, a movable body member reciprocably
supported in said through bore for reciprocation between
two’ positions,”said movable body member having a pair
of axially spaced communicating grooves in its outer sur-
face, one of said communicating grooves connecting a first
and second of said plurality of passageways together with
said movable body member in oné of said positions and
said first and a third of said plurality of passageways to-
gether with said movable body member in the other of said
positions, the other of said communicating grooves con-
necting said third and a fourth of said plurality of passage-
ways together with said thovable body member in said one
of ‘said positions and said second and fourth of said plu-
rality of passageways: together with said movable body
member in $aid other of ‘said positions, detent means for
holding said movable body member in said one and said
other of said positions, said detent means comprising a pair
of axially spaced anmular locking grooves located in said
fixed body member and a detent assembly located in- a
radial bore through said movable body member'and in-
cluding a ball, a spring retainer and a spring in engage-
ment with said spring retainer and engaging said ball for
urging said ball’ and said -spring retainer apart, said re-
tairer termtinating in a nose portion having a contouir of a
portion of a sphere, said nose portion and said ball being
engageable in one of said locking grooves with said mov-
able body member in sajd one of said positions and in the
other. of said locking grooves with- said movable body
member in said other of said positions, said movable body
member having a-retainer cavity at.each of its opposite
ends for receiving an actuating assembly, each said actuat-
ing assembly: comprising a pin member having a pin por-
tion extending outwardly from.said retainer cavity with
which it is associated,.a spring member engaging said pin
member for urging it outwardly, and a retainer for ‘limit-

© ing the.outward movement of said pin member, said spring
- member having .a. preselected compressive preload on said
pin ‘member and having a preselected spring rate relative
to the spring rate of said spring. of said -detent means
whereby movement of said movable bady member from
said one “position to, said other position and hence move-
ment of said detent assembly from one of said retaining
grooves to the other of $aid retaining grooves will occur
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only after said pin member has been moved into said re-
tainer cavity a preselected distance with the energy of said
spring member causing indexing of said detent assembly
to said other of said retaining grooves after said detent as-
sembly has moved from said one of said retaining grooves.

2. The valve assembly of claim 1 further including a
pair of cap.members enclosing the opposite. ends. of the
bore in the housing member with each having an aperture
for receiving said pin member of said actuating assembly
at that end, and means for communicating the volumes
enclosed by said caps to low pressure. S e

3. For controlling the reciprocation of a piston in a
cylinder, a valve assembly adapted to be supported in-d
bore in a housing member for communicating a first pair
of passages connected to the cylinder at opposite ends of
the piston to a second pair of passages with one connected
to a pressure source and the other to a low pressure outlet,
said valve assembly comprising: a fixed body member fix-
edly mounted in the bore and having a through bore, said
fixed body member having a first and second annular
groove each in communication with one of the first pair of
passages and a third and fourth annular groove each in
communication with one of the second pair of passages in
the housing member, said first, second, third and fourth
passages each in communication with said through bore,
a movable body member reciprocably supported in said
through bore for reciprocation between two positions,
said movable body member having a pair of axially
spaced communicating grooves in its outer surface, one
of said communicating grooves connecting said first and
third of said annular grooves together with said movable
body member in one of said positions and said first and
said fourth of said annular grooves together with said
movable body member in the other of said positions, the
other of said communicating grooves connecting said sec-
ond and said fourth of said annular grooves together with
said movable body member in said one of said positions
and said second and third of said annular grooves to-
gether with said movable body member in said other of
said positions, detent means for holding said movable
body member in said one and said other of said positions,
said detent means comprising a pair of axially spaced an-
nular locking grooves located in said fixed body member
and a detent’ assembly located in a radial bore through
said movable body member and including a ball, a spring
retainer and a spring in engagement with said spring re-
tainer and engaging said ball for urging said ball and
said spring retainer apart, said retainer terminating in-a
nose portion having a contour of a portion of a sphere,
said nose portion and said ball being engageable in one
of said locking grooves with said movable body member
in said one of said positions and in the other of said lock-
ing grooves with said movable body member in said other
of said positions, said movable body member having a
retainer cavity in one end for receiving an actuating
assembly, said actuating assembly comprising a pin mem-
ber having a pin portion extending outwardly from said
retainer cavity with which it is associated and into the
cylinder for engagement by the piston, a spring member
engaging said pin member for urging it outwardly, and a

_ retainer for, limiting the outward movement of said pin
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member, said spring member having a preselected com-
pressive preload on said pin member and having a pre-
selected spring rate relative to the spring rate of said
spring of said detent means whereby movement of said
movable body member from said one position to said
other position and hence movement of said detent assem-
bly from one of said retaining grooves to the other of
said retaining grooves will occur only after said pin mem-
ber has been moved by the piston into said retainer cavity
a preselected distance with the energy of said spring mem-
ber causing indexing of said detent assembly to said other
of said retaining grooves after said detent assembly has
moved from said one of said retaining grooves.

4, For controlling the reciprocation of ‘a piston in a.
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cylinder, a valve assembly for communicating a first pair
of passages connected to the cylinder at opposite ends of
the piston to a second pair of passages with one connected
to a high pressure source and the other to a low pressure
outlet, said valve assembly, comprising: a first body -mem-
ber having a bore.and having .a -first passage-means for
communicating with one.of the first pair. of passages and
said bore,-second passage means for communicating. with
the other of the first pair of passages and said bore, a third
passage means for communicating with one of the second
pair.of passages and said bore and a fourth passage means
for communicating with-the other of the second pair of
passages and said. bore, a movable body member recipro-
cably supported in said bore for reciprocation between
two positions, said movable body member having a first
and second communicating means, one -of said communi-
cating means connecting said first and third passage
means together with said movable body member in one of
said positions and said first and said fourth of said pas-
sage means together with said movable body member in
the other of said positions, detent means for holding said
movable body member in said one and said other of said
positions, said detent means comprising a pair of axially
spaced locking cavities, a detent assembly located in a
different cavity and including a lock member and means
for urging said lock member out of said different cavity,
said lock member being engageable in one of said locking
cavities with said movable body member in said one of
said positions and in the other of said locking cavities
with said movable body member in said other of said
positions, sad movable body member having an actuating
assembly means at one end for engaging the. piston where-
by movement of said movable body member from said
one position to said other position and hence movement
of said detent assembly from one of said retaining cavi-
ties to the other of said retaining cavities will occur only
after said actuating assembly means has been engaged by
the piston.

5. The valve assembly of claim 4 with said actuating
assembly means comprising means engageable by the pis-
ton and resiliently resisting movement by the piston and
for storing energy responsively to movement by the piston
for moving said movable body member from one of said
retaining cavities to the other of said retaining cavities.

6. The valve assembly of claim 4 with said lock mem-
ber being a ball and with said actuating assembly means
being located in an opening in the end of said movable
body member.

7. A valve assembly adapted to be reciprocated in a
bore in a housing member for communicating a pair of
inlet passages to three passages for high and low pressure
with two being for one pressure and one for the other
pressure, a fixed body member fixedly mounted in the
bore and having a through bore, said fixed body member
having a first and a second groove each in communica-
tion with a different one of the inlet passages in the hous-
ing member, a third groove in communication with the
passage for the other pressure, and a fourth and a fifth
groove each in communication with a different one of the
passages for the one pressure, a movable body member
reciprocably supported in said through bore for recipro-
cation between two positions, said movable body member
having a pair of axially spaced communicating grooves
in its outer surface, one of said communicating grooves
communicating said first and third grooves together with
said movable body member in one of said positions and
said first and fourth grooves together with said movable
body member in the other of said positions, the other
of said communicating grooves communicating said sec-
ond and fifth grooves together with said movable body
member in said one of said positions and said second and
third grooves together with said movable body member
in said other of said positions,-detent means for holding
said movable body member in said one and said other of
said positions, said detent means comprising a pair of
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axially. spaced annular locking grooves, located in said
fixed body member and a detent assembly located in a
radial bore through said movable body member and in-
cluding a ball,.a sprmg retainer and a sprmg in- engage-,
ment with said -spring retainer and .cngaging:said- ball
for urging said .ball .and said spring retainer apart; sald
retdiner terminating in-a- nose .portion -having; a contour.
of a portion of a- sphere, said nose:portion and said ball
being engageable in.one-of said locking grooves; with said
movable body member in said one of said positions: and
in the other of said:locking- grooves with.-said" movable.
body member in said other of said positions, said mov-
able -body member having a retainer cavity -at-each of
its opposite ends for ‘receiving:an actuating assembly,
eath said actuating assembly comprising a pin. member
having a pin portion extending outwardly from said re-
tainer cavity with which it is -associated, a spring mem-
ber engaging said pin -member for urging it outwardly,
and a retainer for limiting the outward movement of
said pin member, said spring member having a preselected
compressive preload on ‘said pin member and having a
preselected spring rate relative to the 'spring rate of said
sprmg of said detent means whereby movement of said
movable body member from- said' one position' to said
other position and hence movement of said detent assem-
bly from one of said retaining grooves to the other of
said retaining grooves will occur only after said pin mem-
ber has been moved into said retainer cavity a preselected
distarice with the energy of said spring member causing
indexing of said detent assembly to said other of said
retaining grooves after said detent assembly has moved
from said one of said retaining grooves.

8. A valve assembly for controlling the rec1procatxon
of a pair of tandemly connected pistons each located in
ohe of a pair of coaxially disposed cylmders in a hous-
ing member and adapted to be supperted in a bore in a
housmg member with the bore mterconnectmg the cylin-
ders and for communicating a pair of inlet passages to
three. passages for high and low pressures w1th two being
for one pressure and one for the other préssure, a fixed
body member fixedly mounted in the bore and having a
through bore, said fixed body. member having a first and
4 second groove each in commumcatlon with a different
one of the inlet passages in the housing member; a third
groove in communication with the passages for. the other
pressire and a fourth and a fifth groove each in communi-
cation with a different one of the passages for the one.
pressure a movable body member reciprocably. supported
in said through bore for reciprocation between two _posi-
tions, said movable body member having a pair of axially
spaced communicating grooves in its outer surface, one
of said communicating grooves communicating said first
and third grooves together with said movable body mem-,
ber in ‘one of said,positions and said first and fourth
grooves together with said movable body member in the.
other of said positions,.the other of said communicating
groovés communicating said second and fifth grooves to-.
gether with said. movable body:member. in said. one .of
said positions and said second and third grooves together
with said movable body:member; in said :other of:said
positions, detent means for holding: said movable body
member in said one ,and .said:;other. of- said. positions lo-:
cated in said fixed .body member and.said detent means
comprising a pair .of:axially spaced annular locking
grooves, a detent assembly . located- in. a-:radial “bore
through said movable body member and including: a ball,
a spring retainer and. a spring in-engagement with said
spring retainer and .engaging said ball: for urging said :ball:
and said spring retainer-apart; said retainer terminating
in a: nose portion- having a“contour of a portion of a
sphere, said nose portion-and said ball being:engageable
in one of said locking grooves with said movablé body
member in said one of 'said positions and in the other of
said ‘locking grooves 'with - sdid - movable - body merhber’
in said other of said positions, said movable body mem-
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ber having a retainer cavity at each of its opposite ends
for receiving an actuating assembly, each said actuating
assembly comprising a pin member having a pin portion
extending outwardly from said retainer cavity with which
it is associated and into that one of the cylinders at that
end, a spring member engaging said pin member for urg-
ing it outwardly, and a retainer for limiting the outward
movement of said pin member, said spring member hav-
ing a preselected compressive preload on said pin mem-
ber and having a preselected spring rate relative to the
spring rate of said spring of said detent means whereby
movement of said movable body member from said one
position to said other position and hence movement of
said detent assembly from one of said retaining grooves
to the other of said retaining grooves will occur oaly
after said pin member has been moved by that one of
the pistons with which it is associated into said retainer
cavity a preselected distance with the energy of said spring
member causing indexing of said detent assembly to said
other of said retaining grooves after said detent assembly
has moved from said one of said retaining grooves.

9. A valve assembly for controlling the reciprocation
of a pair of tandemly connected pistons each located in
one of a pair of coaxially disposed cylinders in a housing
member and adapted to communicate a first pair of pas-
sages connected to the cylinders at opposite ends of ithe
pistons to a second pair of passages with one connected to
a high pressure source and the other to a low pressure
outlet, said valve assembly comprising: a first body mem-
ber having a bore and having a first passage means for
communicating with one of the first pair of passages and
said bore, second passage means for communicating with
the other of the first pair of passages and said bore, a
third passage means for communicating with one of the
second pair of passages and said bore and a fourth pas-
sage means for communicating with the other of the sec-
ond pair of passages and said bore, a movable body mem-
ber reciprocably supported in said bore for reciprocation
between two positions, said movable body member having
a first and second communicating means, one of said com-
municating means connecting said first and third passage
means together with said movable body member in one of
said positions and said first and said fourth of said pas-
sage means together with said movable body member in
the other of said positions, the other of said communicat-
ing means connecting said second and said fourth of said
passage means together with said movable body member
in said one of said positions and said second and third
of said passage means together with said movable body
member in said other of said positions, detent means for
holding said movable body member in said one and said
other of said positions, said detent means comprising 2
pair of axially spaced cavities, a detent assembly located
in a different cavity and including a lock member and
means for urging said lock member out of said different
cavity, said lock member being engageable in one of said
locking cavities with said movable body member in said
one of said positions and in the other of said locking
cavities with said movable body member in said other of
said positions, said movable body member having an actu-
ating assembly means at each end for engaging that one
of the pistons at that end whereby movement of said
movable body member from said one position to said oth-
er position and hence movement of said detent assembly
from one of said retaining cavities to the other of said
retaining cavities will occur only after said actuating as-
sembly means has been engaged by the piston with which
it is associated. -

10. The valve assembly of claim 9 with said actuating
assembly means comprising means engageable by the
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piston with which it is associated and resiliently resisting
movement by the piston with which it is associated and
for storing energy responsively to movement by the piston
with which it is associated for moving said movable body
member from one of said retaining cavities to the other
of said retaining cavities.

11. The valve assembly of claim 1¢ with said lock mem-
ber being a ball and with each said actuating assembly
means being located in one of a pair of openings at op-
posite ends of said movable body member.

12. A valve assembly comprising a fixed body mem-
ber, a movable body member, detent means for holding
said movable body member in one of a plurality of posi-
tions, said detent means comprising a locking cavity at
each of said positions and a detent assembly located in a
different cavity and including a ball, an elongated spring
retainer, and a bias spring in engagement with said spring
retainer and said ball for urging said ball and said spring
retainer apart, said retainer terminating in a nose portion
having 2 contour of a portion of a sphere, said nose por-
tion and said ball being engageable in said locking cavity
for locking said movable body member in the correspond-
ing one of said positions, said movable body member hav-
ing actuating assembly means for moving said movable
body member to said each of said positions and including
resisting means for resiliently resisting movement of said
movable body member and for storing energy responsive-
1y to forces applied thereto for moving said movable body
member and for releasing said energy for causing move
ment of said movable body member to a next one of said
positions when the magnitude of said forces overcomes
the locking effect of said lock member.

13. The assembly of claim 12 in which said resilient
means includes a spring and said resisting means includes
a spring member with the spring rates of said spring and
said spring member selected such that the locking effect of
said lock member will be overcome at a preselected force
having a magnitude sufficient to impart sufficient stored
energy to said spring member whereby movement of said
movable body member from one position to another will
be effected.

14. In a valve assembly the improvement comprising:
a fixed body member, a movable body member, detent
means for holding said movable body member in one of
a plurality of positions, said detent means comprising a
locking cavity at each of said positions and a detent as-
sembly located in a different cavity and including a ball,
an elongated spring retainer, and a bias spring in engage-
ment with said spring retainer and said ball for urging
said ball and said spring retainer apart, said retainer termi-
nating in a nose portion having a contour of a portion of
a sphere, said nose portion and said ball being engage-
able in said locking cavity for locking said movable body
member in the corresponding one of said positions, said
movable body member having actuating assembly means
for moving said movable body member to said each of
said positions.
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