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MECHANISM FOR CONTROLLING
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Robert W. Lanman, Wilmette, L, assignors to Parker-
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of Ohio
Filed Oct. 1, 1964, Ser. No. 400,636
26 Claims. (Cl. 91—275)

This invention relates to a novel mechanism for con-
trolling a fluid motor, and in particular, to a novel mecha-
nism which includes a pressure balanced plunger installed
at each end of a cylinder and cooperative with an asso-
ciated movable switching arm whereby movement of a
piston in the cylinder alternately contacts and moves the
plungers to sequentially and alternately actuate the switch-
ing arms to automatically reverse the direction of move-
ment of the piston,

One of the many problems of conventional mecha-
nisms for reversing the direction of travel of a piston
in a cylinder is the inability to obtain substantially uni-
form reversing action of the piston due to the premature
activation of these conventional control mechanisms un-
der the influence of fluid pressure in the piston chamber.
In such conventional mechanisms a movable element is
generally positicned adjacent each end portion of the
cylinder and is exposed to the interior of the cylinder
chamber for actuation by the moving piston. However, as
the piston approaches the movable element the fluid pres-
sure build-up in the chamber portion to which the mov-
able element is exposed tends to move the element prior
te actual contact between the piston and the element, This
premature movement of the element correspondingly
causes premature actuation of the switching arm associ-
ated therewith and a resultant inefficient reversal of the
piston.

Such conventional mechanisms also generally fail to
provide a means for isolating the switching arms thereof
from the fluid pressure in the chamber, and premature
actuation of the switching arms under the influence of the
chamber pressure often result even though the movable
clements associated therewith are not prematurely actu-
ated by fluid pressure build-up in the chamber of the cyl-
inder.

Accordingly, it is an object of this invention to provide
a novel mechanism for reversing the direction of travel
of a piston, the mechanism being constructed of a mini-
mum number of component parts and including a plunger
actuated by a piston, and means for placing both end
portioris of the plunger in fluid communication with a
chamber in which the piston is movable whereby force
balancing or slight unbalancing of the plunger is effected
to prevent premature movement of the plunger under the
influence of chamber pressure.

A further object of this invention is to provide a novel
mechanism of the type just described including a switch
arm operable by the movement of the plunger and means
for isolating the switch arm from the working pressure in
the chamber to prevent premature actuation of the switch
arm which might otherwise occur in the absence of such
isolating means. h

Still another object of this invention is to provide a
novel mechanism of the type just described in which the
swtich arm includes a cam follower portion contactable
by a cam surface portion of the plunger for effecting actu-
ation of the switch arm between first and second posi-
tions thereof to provide a substantially uniform reversing
action of the piston.

A further object of this invention is to provide a novel
mechanism including each of the components set forth
above, and further including valve means for venting fluid
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which has leaked passed the isclating means to insure
efficient operation of the switch arm. )

A further object of this invention is to provide a novel
mechanism of the type described in which the switch arm
includes passage means for venting fluid from an area of
contact between the cam and cam follower means to an
area remote therefrom whereby substantially uniform re-
versing action of the piston is achieved by the movement
of the switch arm regardless of variations in fluid pres-
sures tending to prematurely actuate the switching arm
or increase the movement thereof during a switching op-
eration.

A further object of this invention is to provide a mech-
anism of the type described in which the pressure bal-
ancing of the plunger is effected by an axial passage open-
ing through opposite end portions thereof, or by mount-
ing the plunger in a sleeve and providing suitable pas-
sages in the sleeve for placing an end portion of the plung-
er remote from the cylinder chamber in fluid communica-
tion therewith.

A further object of this invention is to provide a novel
mechanism of the type which includes a plunger having
an axial passage therethrough for pressurizing opposite
end portions of the plunger, the passage being of a size
sufficient to internally telescopically receive a rod of the
piston whereby the mechanism can be mounted in the
cylinder at a rod end thereof.

Other objects in the invention will be apparent from the
following description and from the drawings in which:

FIGURE 1 is a fragmentary sectional view of the blind
end of a cylinder, and illustrates a novel mechanism of
this invention mounted in a head of the cylinder, and
clearly illustrates an axial passage in a plunger and a
switch arm mounted for movement by the plunger.

FIGURE 2 is a fragmentary sectional view similar to
FIGURE 1, and illustrates the actuated position of the
switch arm upon movement of the plunger under the in-
fluence of the piston.

FIGURE 3 is a fragmentary sectional view of the blind
end of another cylinder, and illustrates another embodi-
ment of the invention in which a passage in a head of
the cylinder introduces working pressure from a chamber
of the cylinder adjacent one end portion of the plunger to
effect slight unbalancing thereof.

FIGURE 4 is a fragmentary sectional view of another
embodiment of this invention, and illustrates a plunger
similar to the plunger of FIGURE 3 mounted for re-
ciprocal movement in a sleeve provided with radial pas-
sages for pressure balancing the plunger and a vent pas-
sage in a switching arm.

FIGURE 5 is a fragmentary sectional view of the
blind end of a cylinder and illustrates another mechanism
similar to the mechanism illustrated in FIGURE 4, and
illustrates a passage in a sleeve placing a remote end
portion of a plunger reciprocally mounted in the sleeve
in fluid communication with a chamber of the cylinder.

FIGURE 6 is a fragmentary sectional view of the rod
end of a cylinder, and illustrates another mechanism con-
structed in accordance with this invention mounted in
a chamber of the cylinder and an enlarged axial passage
in the plunger which effects pressure balancing thereof
and permits the passage therethrough of a reciprocal pis-
ton rod.

Referring to FIGURES 1 and 2 of the drawings, a
piston 1@ of a double acting cylinder 11 is mounted for
reciprocal movement in a chamber or bore 12 in a con-
ventional manner. A seal 13 mounted in a circumferential
groove 14 of the piston 16 maintains a fluid-tight seal
between the piston 16 and the interior surface (unnum-
bered) of the cylinder 11.

FIGURE 1 illustrates the blind end of the cylinder
11 which is closed by a head 15. The head 15 is pro-
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vided with an annular groove 16 opening outwardly to-
ward and receiving an end portion 17 of the cylinder 11.
A seal 18 effects a fluid-tight connection between the
cylinder 11 and the head 15.

An inlet port 28 includes a portion 21 opening axially
into the chamber 12 of the cylinder 11. An internally
threaded pertion 22 of the port 2€ is provided for cou-
pling engagement with an externally threaded coupling of
a fluid conduit {not shown) which is in turn connected
to a conventional source of pressurized fluid (also not
shown). At such time as fluid is introduced into the
chamber 12 through the inlet port 2§ and the portion 21,
the piston 18 is urged from right-to-left as viewed in
FIGURE 1 of the drawings in a well known manner. The
rod end (not shown) of the cylinder 11 is provided with
conventional port means (not shown) for similariy urging
the piston 1% from left-to-right toward the head 15.

A mechanism for coantrolling the introduction of pres-
surized working fluid sequentially into the rod end and
head end of the cylinder 11 and thus control the recipro-
cation of the piston 1€ is generally referred to by the
reference numeral 25 in FIGURES 1 and 2. The mech-
anism 25 comprises an elongated generally cylindrical
plunger or spool 26 reciprocally and slidably mounted in
housing means 27 of the head 15. The housing means 27
is preferably a relieved portion or bore 27 having a closed
end 28 and a threaded counterbored end 3¢ opening into
the chamber 12. The axes of the bore 27 and the plunger
26 are concentric to each other and generally parallel to
and radially offset from the axis of the cylinder 11 and
the piston 10, as is clearly illustrated in FIGURE 1 of the
drawings.

The plunger 26 includes a reduced first end portion 31
having an end face 32 which is diametrically relieved by
a V-shaped notch (unnumbered). The first end portion
31 of the plunger 26 is slidably received in a bore (un-
numbered) of an externally threaded adjusting collar 33
threaded into the counterbore 38 of the head 15. The
end portion 31 is not in sealing engagement with the sur-
face defining the bore (unnumbered) of the adjusting
collar 33, and fluid pressure in the chamber 12 is per-
mitted to act against an annular shoulder 37 for a pur-
pose to be described more fully hereafter. Spring means
34 in the form of a compression spring is housed between
the closed end 28 of the bore 27 and an end face 35 of
a second end portion 36 of the plunger 26 to bias the
annular shoulder or face 37 of the first end portion 31
against the adjusting collar 32. The biasing force exerted
by the spring 34 upon the plunger 26 can be increased

or decreased by suitably manipulating the adjusting ,

collar 33.

Passage means 40 in the form of an axial passage or
passageway in the plunger 26 places the portion of the bore
27 adjacent the second end poriion 36 of the plunger
26 in fluid communication with the chamber 12 of the
cylinder 11. The {luid pressure acting against the end
face 35 of the plunger 26 is subsiantially equal to the
fluid pressure acting against the end face 32 and the an-
nular shoulder 37 of the first end portion to at all times
maintain the plunger 26 pressure-balanced axially regard-
less of the pressure in the chamber 12. Because of this
pressure balancing, the spring 34 maintains the planger
26 in the position illustrated in FIGURE 1 and pre-
mature movement of the plunger 26 under the influence
of the fluid pressure in the chamber 12 is precluded.

A central portion 41 of the plunger 26 is provided
with cam means 42 in the form of a circumferential
groove having conically slanted or radially outwardly
diverging surfaces 43 and 44. A switching arm or mem-
ber 45 of a switch 46 has a rounded end portion 4% de-
fining a cam follower surface cooperating with the cam
means 42 of the plunger 26. The switch arm 45 is nor-
mally biased to a first lowermost position (FIGURE 1)
at which the surface 49 is received in the cam means or
groove 42 of the plunger 26. The downward biasing of
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the arm 45 is effected by constructing the switch 46
identical to the switch shown in FIGURE 6 of the draw-
ings, and reference is made to the description of this fig-
ure for a complete understanding of the switch 46.

As the piston 19 moves from left-to-right from the
position illustrated in FIGURE 1 toward the position
shown in FIGURE 2, the end face 32 of the plunger 26
is contacted by the piston 19, and upon continued move-
ment the plunger 26 is urged to the position shown in
FIGURE 2 against the biasing force of the compression
spring 34. During this movement, the cam surface 43

£ the groove 42 urges the rounded end portion 49 of
the switching arm 45 upwardly to a second position. In
this position the switch arm 45 actuates a solenoid valve
(not shown) or other conventional control means in the
conduit {not shown) connected to the inlet port 29 to
introduce fluid under pressure into the interior of the
chhamber 12 for driving the piston 10 from the position
shown in FIGURE 2 toward the rod end (not shown)
of the cylinder ¥1. A mechanism corresponding to the
mechanism 25 can be similarly mounted at the rod end
of the cylinder 11 for actuation by the piston 10 tc
introduce working fluid into the rod end portion of the
chamber 12 to again drive the piston 16 toward the blind
end of the cylinder 1i. In this manner continuous se-
quential reversing of the piston 1§ is effected without pre-
mature operation of either the plunger 26 or the switch
arm 45,

The switch arm 45 is preferably isolated from the
fluid pressure in the chamber 12 by isolating means in
the form of a pair of axially spaced O-ring seals 47, 4§
received in grooves (unnumbered) of the pilunger 26 at
opposite sides of the groove 42 and the switch arm 435.
The isolating means or O-rings 47, 48 prevent actuation
of the switch arm 45 which might otherwise occur in
the absence of these O-rings. The isolating means 47,
43 also prevent fluid pressure from leaking beyond either
of the plunger end portions 3%, 36 toward the central
portion 41 in the area of the circumferential groove 42
to prevent axial unbalancing of the plunger 26.

Over periods of prolonged operation of the mechanism
25, fluid may leak past either or both of the O-rings 47,
48, and means 59 is provided to vent such fluid into the
inlet port 20. The means 56 comprises a bore (unnum-
bersd) in the head 15 defining a valve seat 51 upon which
is normally seated a ball 52 under the infiuence of a
compression spring 53 to normally close off fluid com-
munication between the groove 42 and the inlet port 23
through a port 54. A conventional retainer 55 secures
the ball 52 and spring 53 in the bore (unnumbered) of
the head 15 in a conventional manner.

At such time as the pressure of the leakage fluid in
the groove 42 exceeds the biasing pressure of the spring
53, the ball 52 will unseat and the leakage fluid will
vent inte the inlet port 20.

Referring to FIGURE 3 of the drawings, a piston 60
of a double acting cylinder 61 is mounted for reciprocal
movement in a chamber or bore 62 and a seal 63 carried
by the piston 66 maintains a fluid-tight seal between the
piston 68 and the interior surface (unnumbered) of the
cylinder 61.

The end portion of the cylinder 61 of FIGURE 3 is
closed by a head 64 which is provided with an annular
groove 65 opening outwardly toward and receiving an
end portion 66 of the cylinder 61. A seal 67, correspond-
ing to the seal 18 of FIGURE 1, provides a fiuid-tight
connection between the cylinder 61 and the head 64.

An inlet port 68, corresponding to the inlet port Z@
of FIGURE 1, opens axially into the chamber 62 of the
cylinder 61. The inlet port 68 is preferably placed in
fluid communication with a conventional source of pres-
surized fluid (not shown) in the manner herctofore
described with reference to the embodiment of the inven-
tion illustrated in FIGURE 1,
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A mechanism for controlling the introduction of pres-
surized working fluid sequentially into the red and head
ends of the cylinder 61 and thereby controlling the recip-
rocation of the piston 6@ is generally referred to by the
reference numeral 70. The mechanism 78 comprises an
elongated generally cylindrical plunger or spool 71 recip-
rocally and slidably mounted in housing means 72 of
the head 64. The housing means 72 is preferably a
relieved poriion or bore having a reduced bore portion
73 opening into the chamber 62 of the cylinder 61 and
an opposite internally threaded portion 74 closed by an
externally threaded plug 75. A conventional washer or
similar sealing means (unnumbered) effects a fluid-tight
connection between the plug 75 and the head 64. The
axes of the bore 72 and the plunger 71 are concentric
to each other and generally parallel to and radially offset
from the axis of the cylinder 61 and the piston 60.

The plunger 71 is completely solid and includes a
reduced first end portion 76 having an end face 77. The
first end portion 76 of the plunger 71 is slidably received
in the reduced bore portion 73 of the head 64. The first
end portion 76 includes an outwardly opening circum-
ferential groove (unnumbered) in which is housed a
seal 78 for preventing fluid pressure in the chamber 62
from acting against an annular shoulder 80, for a purpose
to be described more fully hereafter. Spring means 81
in the form of a compression spring is housed between
the plug 75 and an end face 82 of a second end portion
83 of the plunger 71 to bias the annular shoulder or
face 80 of the first end portion 76 against an opposing
surface (umnumbered) between the reduced bore por-
tion 73 and the bore 72.

A passage 85 in the head 64 places the portion of the
bore 72 between the plug 75 and the end face 82 of the
plunger 71 in fluid communication with the chamber 62
of the cylinder 61. The passage 85 may be slanted or
parallel to the axes of the plunger 71 and the bore 72,
and may include a short radial passage portion 86. The
force caused by fluid pressure acting against the end
face 82 of the plunger 71 is at all times slightly greater
than the force caused by pressure acting against th‘e
lesser area of the end face 77, noting that pressure is
prevented from acting against the annular shoulder 86
by the seal 78, and the plunger 71 is thus slightly un-
balanced axially in a direction toward the piston 60
regardless of the pressure in the chamber 62. This slight
unbalancing of the plunger 71 augments the biasing
force of the spring 81 to maintain the plunger 71 in the
position illustrated in FIGURE 1 and premature move-
ment of the plunger 71 under the influence of the fluid
pressure in the chamber 62 is precluded.

A central portion 87 of the plunger 71 is provided
with cam means 88 corresponding identically to the cam
means 42 of the mechanism 25. A switching arm or
member 99 of a switch 91 has a rounded end portion
or surface 92 defining a cam follower cooperating with
the cam means 88 of the plunger 71 in a manner identical
to that heretofore described with respect to the mecha-
nism 25 of FIGURES 1 and 2.

The switch arm $9 is isolated from the fluid pressure
in the chamber 62 by isolating means comprising the
seal 78 carried by the first end portion 76 of the plunger
71 and a seal 93 carried by an outwardly opening cir-
cumferential groove (unnumbered) in the second end
portion 83 of the plunger 71. The seals 78 and 93 are
at opposite sides of the cam means 83 and the switch
arm 90, and both prevent premature actuation of the
switch arm 90 which might otherwise occur in the ab-
sence of these seals, and prevent fluid pressure from leak-
ing beyond either of the plunger end portions 76, 83
toward the central portion 87 to either balance the
plunger 71 or increase the slight unbalance thereof
toward the piston €9.

The operation of the mechanism 7¢ and a correspond-
ing mechanism (not shown) installed at the rod end of
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the cylinder 61 to control the reciprocation of the piston
68 is similar to the operation of the mechanism 25 except
that a slightly greater force must be applied by the piston
60 against the end portion 76 of the plunger 71 to move
the same frcm left-to-right in FIGURE 3 because of
the unbalancing of the plunger 71 heretofore noted. The
plunger 71 is correspondingly more quickly returned
to the position illustrated in FIGURE 3 upon the retrac-
tion of the piston 68 because of the pressure differential
acting against the end faces 77, 82.

Another mechanism constructed in accordance with
this invention for controlling the operation of a double
acting cylinder or a similar fluid motor is illustrated in
FIGURE 4 of the drawings and is generally designated
by the reference numeral 95. The mechanism 95 is in-
stalled in a head 96 of a cylinder 97 defining a chamber
98 in which is conventionally housed a reciprocal piston
100. The construction of each of the components 96-98
and 100 is generally identical to the corresponding com-
ponents illustrated in FIGURE 1 of the drawings.

The mechanism 95 is a cartridge-type structure which
comprises an elongated generally cylindrical plunger or
spool 101 reciprocally and slidably mounted in a hous-
ing means or sleeve 102 which is in turn mounted in a
relieved poriion or bore 163 in the head 96. The bore
1063 inciudes an enlarged central bore portion 104 which
defines an annular passage or gap with the exterior sur-
face (unnumbered) of the sleeve 102. Oppesite bore
portions 185, 106 are reduced slightly in comparison to
the enlarged central bore portion 104 and form seats for
the sleeve 102. An annular washer 187 received in a
circumferential groove opening outwardly through the
bore porticn 105 retains the sleeve 1602 in the bore 103
in a manner clearly illustrated in FIGURE 4.

The sleeve 102 includes a first end portion 108 having
a radially inwardly directed flange (unnumbered) de-
fining a passage or bore 110 through which projects a first
end portion 1311 of the plunger 101. An annular gap or
spacs (unnumbered) is defined between the exterior sur-
face of the plunger first end portion 111 and the bore
116 of the sleeve 182. This gap is placed in fluid com-
munication with the annular space between the exterior
of the sleeve 102 and the central bore poriion 104 by a
generally radial first passage 112 is the first end portion
108 of the sleeve 102. The gap between the bore 110
and the first end portion 111 of the plunger 161 also
permits fluid pressure in the chamber 98 to act against
an annular shoulder or face 113 of the plunger 1061.

A second end portion 113 of the sleeve 102 is provided
with a generally radial second passage 114 which places
the interior of the sleeve 102 adjacent a second end
portion 115 of the plunger 101 in fluid communication
with the annular gap or passage between the exterior
surface of the sleeve 102 and the surface defining the
central bore portion 104 of the bore 163. A spring 116
housed in the second end portion 113 of the sleeve 102
urges the plunger 101 to the position illustrated in FIG-
URE 4 of the drawings.

A central portion 117 of the plunger 101 is provided
with cam means 118 in the form of a circumferential
groove. A switching arm or member 129 of a switch 121
threadably mounted in the head 98 projects through a
radial opening or bore 122 in the sieeve 102, and in-
cludes a rounded end portion 123 defining a cam fol-
lower surface confacting the cam means 118 of the
plunger 101. The switch arm 12% is normally biased
to the position illustrated in FIGURE 4 by a spring (not
shown) corresponding to the spring 233 of FIGURE 6.

As the piston 180 moves from left-to-right from the
position illustrated in FIGURE 4, an end face (unnum-
bered) of the plunger first end portion 111 is contacted
by the piston 100 and the plunger 101 is urged to the
right as viewed in this figure against the bijasing force
of the spring 116. This movement reciprocates the switch
arm 12§ upwardly to actuate a solenoid valve or other
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conventional control means (not shown) to introduce
fluid under pressure from a conventional fiuid pressure
source {also not shown) into the interior of the chamber
€8 for driving the piston 156 to the left as viewed in FIG-
URE 4. During the movement of the pision 149 toward
the plunger 161 premature movement of the plunger 181
is preclnded by the pressure-balanced condition of the
plunger 103, This pressure balancing is achieved by the
introduction of the chamber pressure into the interior of
the sleeve 102 adjacent the second end portion 115 of
the plunger 161 over a fluid path defined by the bore
105, ihe opening in the anaular washer 187, the annular
gap 116, the first radial passage 112, the annular passage
between the central bore portion 104 and the exterior of
the sleeve 162 and the second radial passage 114. The
fluid pressure aciing against the end face (unnumbered)
of the plunger second ead portion 115 is substaniially
equal to the pressure acting against the end face (also
unnumbered) of the first end portion 111 and the an-
nular shoulder 133 of the plunger 101 to at all times
main‘ain the plunger 123 in a state of force or pressure
balance axially regardless of the pressure in the cham-
ber 98.

The switch arm 128 of the switch 121 is preferably
isolated from the fiuid pressure in the chamber 98 by
isolating means in the form of a pair of axially spaced
O-ring seals 124, 125 received in grooves (unnumbered)
of the plunger 181 at opposite sides of the cam means
118. The isolating means or O-rings 124, 125 prevent
actuation of the switch arm 12¢ in the manner hereto-
fore described.

During periods of prolonged operation of the mech-
anism 95, working fiuid from the chamber 98 may leak
past either the O-rings 124, 128 or between the radial
opening 122 and the switch arm 120 toward the central
portion 317 of the plunger 181 in the area of the cam
means 118. In order to vent this finid, the switch arm 129
is provided with an axial passage 126 and a cross-bore
127 opening into a bore 128 housing a portion of the
switch 121. The bore 128 is open to atmosphere and any
fluid under pressure in the area of contact bstween the
cam means 118 and the rounded end porticn 123 of the
arm 120 is freely vented through the passage 126 and
the cross-bore 127 into the bore 128.

Another mechanism constructed in accordance with
this invention for controlling the reciprocal movements
of a piston is illustrated in FIGURE 5 of the drawings
and is generally designated by the reference numeral 135.
The mechanism 135 is installed in a head 13§ of a cylin-

der 137 defining a chamber 138 in which is conventionaily ;

housed a reciprocal piston 148.

The mechanism 135 is similar to the cartridge-type
mechanism $5 of FIGURE 4 and comprises a generally
clongated cylindrical plunger or spool 141 reciprocally
and slidably mounted in a housing means or sleeve 142
which is in turn mounted in a relieved portion or bore
143 in the head 136. An annular washer 147 received
in a circumferential groove (unnumbered) retains the
sleeve 142 in the bore 143 in the manner clearly illus-
trated in FIGURE 5.

The sleeve 142 includes a first end portion 14§ hav-
ing a radially inwardly directed flange (unnumbered) de-
fining a passage or bore 150 through which projects a
first end portion 151 of the plunger 141. An annular gap
or space is defined between the exterior surface of the
plunger first end portion 15% and the bore 158 of the
sleeve 142 for permitting fluid pressure in the chamber
138 of the cylinder 137 to act against an annular shoulder
or face 153 of the plunger 141.

A second end portion 154 of the sleeve 142 houses
a compression spring 155 which bears against an end face
156 of a second end portion 157 of the plunger 141 to
urge the same to the position illustrated in FIGURE 5.
Suitable O-ring seals 166 and 161 received in circum-
ferential grooves (unnumbered) of the sleeve 142 seals
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the same in the bore 143 of the head 136. The interior of
the chamber 138 is placed in fluid communication with
the interior of the second end portion 154 of the slesve
143 by a passage 162 extending gencrally longitudinally
of the sleeve 142 and terminating at a cross-bore 163.
The passage 162 and the cross-bore 163 thus introduce
chamber pressure into the interior of the sleeve second
end portion 154 to effect axial pressure balancing of the
plunger 141 in the manner heretofore described.

A central portion 167 of the plunger 141 is provided
with cam means 168 in the form of a circumferential
groove. A switching arm 176 of a switch 171 threadedly
mounted in the head 136 projects through a radial open-
ing or bore 172 in the sleeve 142, and includes a rounded
end portion 173 defining a cam follower surface con-
tacting the cam means 168 of the plunger 141. The switch
arm 170 is normally biased to the position illusirated in
FIGURE 4 by a spring (not shown).

The mechanism 135 also includes axially spaced O-
ring seals 174, 175 received in circumferential grooves
(unnumbered) in the plunger 141 at opposite sides of
the cam means 168 and the switch arm 170 for isolating
the area of contact between the cam means 168 and the
switch arm end portion 173 from fluid pressure in the
chamber 138.

The operation of the mechanism 135 is substantially
identical to the operation of the mechanism 95 in FIG-
URE 4, and 2 complete description thereof is deemed
unnecessary for an understanding of this invention.

Referring to FIGURE 6 of the drawings, a piston 180
of a double acting cylinder 181 is mounted for reciprocal
movement in a chamber or bore 182 in a conventional
manner. A seal 183 mounted in a circumferential groove
184 of the piston 180 maintains a fluid-tight seal between
the piston 188 and the interior surface (unnumbered) of
the cylinder 181.

FIGURE 6 illustrates the rod end of the cylinder 181
which is partially closed by a head 185 having an axial
bore or passage 186. The head 185 is provided with an
annular groove 187 opening outwardly toward and re-
ceiving an end portion 188 of the cylinder 181 A seal
199 provides a fluid-tight connection between the cylin-
der 181 and the head 185.

A plate 191 is secured to the head 185 by conventional
fasteners (not shown). A sleeve 192 having a generally
axial bore or passage 193 is threadably secured in a
threaded bore 194 of the plate 191. A geperally annular
seal 195 forms a fluid-tight connection between the head
185 and the sleeve 192. A piston rod 196 having a reduced
end portion 197 conventionally secured to the piston or
piston head 180 is slidably received in the passage 133
of the sleeve 192. A seal 198 housed in a groove (un-
numbered) of the sleeve 192 forms a fluid-tight connec-
tion between the sleeve 192 and the piston rod 196.

The piston 189 is reciprocated to the right as viewed
in FIGURE 6 of the drawings by introducing pressurized
working fluid into the chamber 182 through an inlet port
200 in the head 185. The inlet port 268 is internally
threaded for coupling engagement with an externally
threaded coupling of a fluid conduit (not shown) which
is in turn connected to a conventional source of pres-
surized fluid (also not shown). The blind end (not shown)
of the cylinder 181 is provided with a conventional inlet
port, such as the inlet port 20 of FIGURE 1 for simi-
larly urging the piston 188 from right-to-left toward the
head 185.

A mechanism for controlling the introduction of work-
ing fluid sequentially into the rod end of the cylinder 121
and thus controlling the reciprocation of the piston 180
is generally referred to by the reference numeral 285.
The mechanism 285 comprises an elongated generally
cylindrical plunger or spool 286 reciprocally and slidably
housed in the chamber 182 of the cylinder 181 adjacent
the head 185,
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The plunger 206 includes a reduced first end portion
207 having an end face 208 and an annular shoulder or
face 210. An annular washer or retainer 211 carried by a
groove (unnumbered) in the cylinder 181 normally abuts
the annular shoulder 216 of the plunger 267 in the posi-
tion illustrated in FIGURE 6 to limit the movement of
the plunger 286 in a direction toward the piston 189. A
slight annular gap or space (unnumbered) between the
exterior surface of the first end portion 207 of the plunger
206 and the annular retainer 211 permits fluid pressure
in the chamber 182 to act against the annular shoulder
210 in a manner and for a purpose to be described more
fully hereafter. )

Spring means 212 in the form of a compression spring
is seated between a face 213 of the head 185 and an an-
nular shoulder or surface 214 of a relatively large axial
bore or passage 215 of the plunger 286. The spring 212
biases the plunger 206 to the position illustrated in FIG-
URE 6 with the annular shoulder 210 in abutment with
the annular retainer 211.

The bore or passage 215 places the portion of the fluid
chamber 182 to the right of the plunger 266 in fluid com-
munication with both the annular shoulder 214 and an
end face 216 of a second end portion 217 of the plunger
206. As the piston 180 is moved from right-to-left toward
the position illustrated in FIGURE 6, the fluid pressure in
the portion of the chamber 182 to the left of the piston
180 acting against the end face 208 and the annular shoul-
der 210 is substantially equal to the fluid pressure com-
municated through the bore 215 and acting against the
end face 216 and the annular shoulder 214 of the second
end portion 217. The force of the pressure fluid acting
on these shoulders and faces maintain the plunger 206
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pressure balanced axially regardless of the pressure in the

chamber 182 to the left of the piston 188. Because of this
pressure balancing, the spring 212 maintains the plunger
206 in the position illustrated in FIGURE 6, and prema-
ture movement of the plunger 266 to the left under the
influence of the fluid pressure building up in the chaniber
182 to the left of the piston 186 as the same moves toward
the plunger 206 is precluded.

A central portion 229 of the plunger 266 is provided
with cam means 221 in the form of a circumferential
groove having a gradually sloping surface portion 222 and
a relatively abruptly curved surface portion 223. A switch-
ing arm or member 224 of a switch 225 has a rounded
stem or end portion 226 defining a cam follower surface
cooperating with the cam means 221 of the plunger 206.
The Jlower end portion of the arm 224 is mounted for re-
ciprocal movement in a radial bore or opening 227 in the
cylinder 181. A main body portion 228 of the switch arm
224 is housed in a sleeve 230 welded to the exterior of
the cylinder 181. The main body portion 228 is slidably

received in and projects outwardly of a bore 231 in a plug ..

232 threadably secured to the sleeve 230. A spring 233
encompasses the main body portion 228 of the switch
arm 224 between the plug 232 and a peripheral flange
234 to normally urge the cam follower surface 226 into
contact with the cam means 221 of the plunger 206.

As the piston 180 moves from righi-to-left from the
blind end of the cylinder 181 toward and beyond the po-
sition thereof illustrated in FIGURE 6, the end face 208
of the plunger 266 is contacted by the piston 188 and the
plunger 206 is urged toward the head 185 against the
biasing force of the compression spring 212. During this
movement, the gradually sloping cam surface 222 of the
cam means 221 urges the cam follower surface 226 of
the switching arm 224 upwardly. This upward movement
of the switch arm 224 is effected against the biasing force
of the compression spring 233 of the switch 225. In the
uppermost position of the switch arm 224, a solenoid
valve (not shown) or other conventional control means
in the conduit (ot shown) connected to the inlet port 260
is actuated by a conventional connection between the
exposed end portion of the switch arm 224 and the sole-
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noid valve to introduce fluid under pressure into the in-
terior of the chamber 182 for driving the piston toward
the blind end of the cylinder 181, A mechanism corre-
sponding to any one of the mechanisms shown in FIG-
URES 1 through 5 of the drawings is mounted at the
blind end of the cylinder 181 for actuation by the piston
186 to introduce working fluid intc the blind end of the
chamber 182 to again drive the piston 180 and the rod
126 secured thereto toward the rod end of the cylinder
181. In this manner continuous sequential reversing of
the piston 180 is effected without prematurc operation of
either the plunger 266 or the switch arm 224.

The area of contact between the cam means 221 and
the cam follower portion 226 of the switch arm 224 is
isolated from the fluid pressure in the chamber 182 by
isolating means in the form of a pair of axially spaced
O-ring seals 240, 241 received in grooves (unnumbered )
of the plunger 206 at opposite sides of the switch arm
224 and the cam means or groove 221. The isolating
means or O-rings 240, 241 prevent actuation of the switch
arm 224 in the manner heretofore described and also
prevent fluid pressure from leaking beyond either of the
piunger end portions 207, 217 toward the central portion
226 to prevent axial unbalancing of the plunger 226,

From the foregoing, it will be seen that novel and ad-
vantageous provisions have been made by carrying out
the desired end. However, attention is again directed to
the fact that additional variations may be made in this
invention without departing from the spirit and scope
thereef as defined in the apoended claims.

We claim:

1. A mechanism for controlling a fluid motor com-
prising a cylinder, a piston mounted for movement in a
bore of said cylinder, a plunger mounted for movement
by and relative to said piston, a member mcunted for
movement by said plunger at an angle relative thereto,
means for placing opposite end portions of said plunger
in fluid communication with said bore whereby fluid pres-
sure in said bore acts upon the opposite end portions of
said plunger, and means for at al] times isolating said
member from the fluid pressure in said bore.

2. A mechanism for controlling a fluid motor com-
prising a cylinder, a piston mounted for movement in a
bore defined by said cylinder, a plunger mounted for
reciprocal movement between a first position spaced from
said piston and a second positicn in contact with said
piston, a member mounted for movement by said plunger
at an angle relative thereto, said plunger having an outer
peripheral portion, means operaiively connecting the pe-
ripheral portion and the member to effect movement of
the member upon movement of the plunger between said
first and second positions, means for placing opposite end
portions of said plunger in fluid communication with said
bore whereby fiuid pressure in said bore acts upon the
opposite end portions of said plunger, and means at all
times isclating said connecting means and said member
from the flnid pressure in said bore.

3. A mechanism for controlling a fluid motor com-
prising a cylinder, a piston mounted for movement in a
first bore pertion defined by said cylinder, said cylinder
including a second bore porticn opening toward said first
bore portion, a plunger mounted for reciprocal move-
ment in said second bore portion between a first position
spaced from said piston and a second position in contact
with said piston, a member projecting into szid seconid
bore and mounted for movement by said plunger, coop-
erative cam means operable between said first and sec-
ond positions for moving said member, means for plac-
ing opposite end portions of said plunger in fluid com-
munication with said bore whereby fluid pressure in said
bore acts upon the opposite end portions of said piunger,
and means at all times isolating said cooperative cam
means and said member from the fluid pressure in said
bore.
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4, A mechanism for controlling a fluid motor com-
prising a cylinder, a piston mounted for movement in a
bore defined by said cylinder, a plunger mounted for
movement by said piston, a member mounted for move-
ment by said plunger at an aagle relative thereto, said
member contacting said plunger between axially oppo-
site terminal faces thereof, means for placing cpposite
end portions of said plunger in fluld communication with
said bore whereby fluid pressure in said bore acts upon
the opposite end porticns of said plunger, and seal means
surrounding said plunger at axially opposite sides of the
point of contact between the member and the plunger
for isolating said member from the fluid pressure in said
bore.

5. The mechanism as defined in claim 4 wherein said
isolating means includes spaced sealing means carried
by said plunger and a portion of said member is in con-
tact with said plunger between said seal means thereby
isclating said member from the fiuid pressure in said
bore and at opposite end portions of the plunger.

6. A mechanism for controlling a fluid motor com-
prising a cylinder, a pistoen mounted for movement in a
first bore defined by said cylinder, a second bore in said
cylinder opening radially into said first bore, a plunger
mounted in said first bore for movement by said piston,
a member projecting into said first bore through said sec-
ond bore and mounted for movement by said plunger,
said member and plunger including cooperable cam
means  for moving said member generally radially be-
tween first and second positions upon the movement of
said piston between first and second positions, means
for placing opposite end portions of said plunger in fiuid
communication with said first bore whereby fluid pres-
sure in said bore acts upon the opposite end portions of
said plunger, and means for isolating said member from
the fluid pressure in said first bore.

7. A mechanism for controiling a fluid motor com-
prising a cylinder, a piston mounted for mevement in a
bore defined by said cylinder, a plunger in said cylincer
mounted for movement by said piston, a member mount-
ed for movement by said plunger, sald member and
plunger including cooperable cam means for moving said
member between first and second positions upon the
movement of said piston between first and second posi-
tions, said cam means including a cam follower forming
a portion of said member and a cam surface of said
plunger, means for placing opposite end portions of said
plunger in fluid communication with said bore whereby
fluid pressure in said bore acts upon the opposite end
portions of said plunger, and means for isolating said
member from the fluid pressure in said bore.

8. A mechanism for controlling a fluid motor compris-
ing a cylinder, a piston mounted for axial reciprocal
movement in a bore of said cylinder, a plunger mounted
for reciprocal movement in a direction generally parallel
to the movement of the piston, means normally urging
the plunger to a first position toward but spaced frem
said pisten, a member mounted for movement by said
plunger, means for placing opposite end portions of said
plunger in fluid communication with said bore whereby
fluid pressure in said bore acts upon the opposite end
portions of said plunger and said urging means main-
tains said plunger in the first position thereof irrespec-
tive of the fluid pressure in said bore tending to move
said plunger to a second position thereof, said means
placing opposite end portions of the plunger fiuid com-
munication with the bore being a passage in a wall por-
tion partially defining said cylinder.

9. The mechanism as defined in claim 8 wherein said
plunger is housed in a sleeve, the first end portion of
said plunger projecting outwardly of said sleeve toward
said bore, the sccond end portion of said plunger being
located in said sleeve, and said fluid communication
means comprising passage means in said sleeve opening
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into said bore and said sleeve adjacent said plunger scc-
ond end portion.

19. The mechanism as defined in claim 8 wherein said
planger is housed in a sleeve, the first end portion of said
plunger projecting outwardly of said sleeve toward said
bore, the second end portion of said plunger being lo-
cated in said sleeve, and said fluid communication means
comprising first passage means passing generally radial-
ly through said sleeve adjacent said plunger first end
portion, and second passage means passing generally ra-
dially through said sleeve adjacent said plunger second
end portion.

11. The mechanism as defined in claim § including a
means for isolating said member from the fluid pressure
in said bore.

12. A mechanism for controlling a fluid motor com-
prising a ¢ylinder, a piston mounted for axial reciprocal
movement in a bore of said cylinder, a planger mounted
for reciprocal movement in a direction generally parallel
to the movement of the piston, means normally urging
the plunger to a first position toward but spaced from
said piston, a member mounted for movement by said
plunger, means for placing opposite end portions of said
plunger in fluid communication with said bore whereby
fluid pressure in said bore acts upon the opposite end por-
tions of said plunger and said urging means maintains
said plunger in the first position thereof irrespective of
the fluid pressure in said bore tending to move said plung-
er to a second position thereof, means for isclating said
member from the fluid pressure in said bore, and said
means placing opposite end portions of the plunger in
fiuid communication with the bore is a passage in the
plunger opening outwardly through the plunger end por-
tions.

£3. A mechanism for controlling a fluid motor com-
prising a cylinder, a piston mounted for axial reciprocal
movement in a bore of said cylinder, a plunger mounted
for reciprocal movement in a direction generally parallel
to the movement of the piston, means normally urging
the plunger to a first position toward but spaced from
said piston, a member mounted for movement by said
plunger, means for placing opposite end portions of said
plunger in fluid communication with said bore whereby
fluid pressure in said bore acts on the opposite end por-
tions of said plunger and said urging means maintains
said plunger in the first position thereof irrespective of
the fluid pressure in said bore tending to move said plung-
er to a second position thereof, said means placing oppo-
site end portions of the plunger in fluid communication
with the bore in a passage in the plunger opening out-
ward through the plunger -end portions, said piston in-
cluding a piston rod, and said piston rod being received
in said passage. .

14. A mechanism for controlling a fluid motor com-
prising a cylinder, a piston mounted for axial reciprocal
movement in a bore of said cylinder, a plunger mounted
for reciprocal movement in a direction generally parallel
to the movement of the piston, said plunger including
first and second opposite end portions, spring means ad-
jacent the second end portion for normally urging the
first end portion toward said piston, a member mounted
for movement by said plunger, cooperative means be-
tween the first and second opposite end portions of said
plunger and said member for moving said member be-
tween first and second positicns upon the movement of
said plunger between the first position thereof and a sec-
ond position at which the force of said spring means at
axially opposite sides of said cooperative means is in-
creased, means for isolating said cooperative means from
the fluid pressure in said bore, and means for placing
the opposite end porticns of the plunger in fluid com-
munication with said bore.

15. A mechanism for controlling a fluid motor com-
prising a cylinder, a piston mounted for movement in a
bore defined by said cylinder, a plunger mounted for
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movement by said piston, a member mounted for move-
ment by said plunger, means for placing opposite end
portions of said plunger in fluid communication with said
bore whereby fluid pressure in said bore acts upon the
opposite end portions of said plunger, means for isolating
said member from the fluid pressure in said bore, and
valve means for venting fluid which has leaked past said
isolating means.

16. A mechanism for controlling a fluid motor com-
prising a cylinder, a piston mounted for movement in a
bore defined by said cylinder, a plunger mounted for
movement by said piston, a member mounted for move-
ment by said plunger, means for placing opposite end
portions of said plunger in fluid communication with said
bore whereby fluid pressure in said bore acts upon the
opposite end portions of said plunger, means for isolat-
ing said member from the fluid pressure in said bore, said
member having an end portion contactable with said
plunger, and passage means for venting fluid from an area
of contact between said member end portion and said
plunger to an area remote therefrom.

17. A mechanism for controlling a fluid motor com-
prising a cylinder, a piston mounted for axial reciprocal
movement in a bore of said cylinder, means housing a
plunger for reciprocal movement in a direction generally
paralle] to the movement of the piston, said plunger in-
cluding first and second opposite end portions, cam means
between said first and second end portions, spring means
in said housing means adjacent said second end portion
for normally urging the first end portion toward said pis-
ton, a member mounted for movement by said plunger,
said member including cam follower means cooperable
with the cam means of said plunger for moving said
member between first and second positions upon the
movement of said plunger between the first position there-
of and a second position at which the force of said spring
means is increased, a passage in said plunger opening
through the opposite end portions thereof whereby said
plunger is pressure balanced in any position thereof, and
sealing means between said plunger and said housing
means at opposite sides of said cam and cam follower
means thereby isolating the latter means from the fluid
pressure in said bore.

18. The mechanism as defined in claim 17 wherein said
piston is carried by a piston rod and said rod is tele-
scopically received in said passage.

19. The mechanism as defined in claim 17 wherein said
housing means includes a wall portion of said cylinder,
a fluid port in said wall portion, and vent means between
said fluid port and said sealing means for venting fluid
which has leaked past said sealing means to said fluid
port.

20. A mechanism for controlling a fluid motor com-
prising a cylinder, a piston mounted for axial reciprocal
movement in a bore of said cylinder, means housing a
plunger for reciprocal movement in a direction generally
parallel to the movement of the piston, said housing
means being a sleeve mounted in a relieved portion of
said cylinder, said plunger including first and second oppo-
site end portions, cam means between said first and
second end portions, spring means in said housing means
adjacent said second end portion for normally urging
the first end portion toward said piston, a member
mounted for movement by said plunger, said member
including cam follower means cooperable with the cam
means of said plunger for moving said member between
first and second positions upon the movement of said
plunger between the first position thereof and a second
position at which the force of said spring means is in-
creased, a passage in said sleeve opening through oppo-
site end portions thereof into said bore, and into the
interior of said sleeve adjacent said plunger second end
portion whereby said plunger is pressure balanced in any
position thereof, and sealing means between said plunger
and said sleeve at opposite sides of said cam and cam
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follower means thereby isolating the latter means from
the fluid pressure in said bore.

21. A mechanism for controlling a fluid motor com-
prising a cylinder, a piston mounted for axial reciprocal
movement in a bore of said cylinder, a sleeve housing
a plunger for reciprocal movement in a direction gen-
erally parallel to the movement of the piston, said plunger
including first and second opposite end portions, cam
means between said first and second end portions, spring
means in said housing means adjacent said second end
portion for normally urging the first end portion toward
said piston, a member mounted for movement by said
plunger, said member including cam follower means co-
operable with the cam means of said plunger for moving
said member between first and second positions upon
the movement of said plunger between the first position
thereof and a second position at which the force of said
spring means is increased, a generally radial passage in
said sleeve placing the interior thereof adjacent the
plunger first end portion in fluid communication with the
exterior of said sleeve, a generally radial passage in said
sleeve placing the interior thereof adjacent the plunger
second end portion in fluid communication with the exte-
rior of said sleeve, the exterior of said sleeve being spaced
from a surface defining said relieved portion whereby
said radial passages and the second end portion of said
plunger are in fluid communication, and sealing means
between said plunger and said sleeve at opposite sides of
said cam and cam follower means thereby isolating the
latter means from the fluid pressure in said bore.

22. A mechanism for controlling a fluid motor com-
prising a cylinder, a piston mounted for axial movement
in a chamber of said cylinder, a wall closing an end of
said cylinder, a bore in said wall opening axially into
said chamber through a counterbore, a solid plunger
housed in said counterbore for reciprocal movement in
a direction generally parallel to the movement of the
piston, said plunger including a reduced first end portion
projecting through said bore into said chamber, and a
second end portion housing in said counterbore, spring
means contacting said second end portion to normally
maintain said first end portion projecting into said cham-
ber, a first seal between said reduced first end portion
and said bore, a second seal between said second end
portion and said counterbore, said seals isolating a central
portion of said plunger from fluid pressure in said cham-
ber, a member mounted for movement by said plunger,
said member and plunger including cooperable cam means
for moving said member between first and second por-
tions thereof upon the movement of said plunger under
the influence of said piston contacting said first end por-
tion, and a passage in said wall placing the chamber in
fluid communication with said counterbore adjacent the
second end portion of said plunger whereby the plunger
is slightly overbalanced in a direction tending to move
toward said piston.

23. A mechanism for controlling a fluid motor com-
prising a cylinder, a piston mounted for axially reciprocal
movement in a bore of said cylinder, a plunger mounted
for reciprocal movement in said cylinder in a direction
generally parallel to the movement of the piston, said
plunger including first and second opposite end portions,
cam means between said first and second end portions, a
member mounted for movement by said plunger, said
member including cam follower means cooperable with
the cam means of said plunger for moving said member
between first and second positions upon the movement
of said plunger, means placing axially opposite end por-
tions of said plunger in fluid communication with said
bore, and sealing means at opposite sides of said cam
and cam follower means for isolating the latter means
from the fluid pressure in said bore.

24. The mechanism as defined in claim 23 wherein said
plunger is a solid member and the means for placing the
axially opposite end portions of the plunger in fluid com-
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munication with said bore is fluid passage means formed
in said cylinder.

25. The mechanism as defined in claim 23 including
biasing means disposed to one side of a terminal face
of the end portion of said plunger remote from said
piston, and at least one of said sealing means is disposed
generally between said biasing means and said cam and
cam follower means.

26. A mechanism for controlling a flaid motor com-
prising a cylinder, a piston mounted for movement in a
bore of said cylinder, a plunger mounted for movement
by and relative to said piston, a passage opening out-
wardly of said cylinder and disposed at an angle to the
plunger axis, a member mounted for movement in said
passage by said plunger, means for placing opposite end
faces of said plunger in fluid communication with said
bore whereby fluid pressure in said bore acts upon the
opposite end faces of said plunger, and biasing means
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to one side of an end face remote from said piston for
normally biasing said plunger in a direction toward said
piston.
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