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HYDRAULIC ACTUATING MECHANISM
Rodney R. Erickson, Joliet, Ill., assignor to Caterpillar
Tractor Co., Peoria, I, a corporation of California
Filed Aug, 11, 1964, Ser. No. 388,789
5 Claims. (CL 91—358)

This invention relates to a hydraulic control device
and more particularly to a device for venting the hydraulic
circuit during each cycle of operation and for conditioning
the hydraulic circuit to interrupt operation of a hydraulic
motor.

This invention can be employed to control the flow of
actuating pressure fluid to hydraulic motors, particularly
linear actuators, in order to interrupt operation of the
motor at a desired. time, thus positioning an element,
whether it be a'linkage mechanism, a turntable, or a boom,
which is actuated by the motor, at any particular location.

Controls of this general type are the subject of Patent
No. 3,122,247 and U.S. application Nos. 208,303 and
286,320, now respectively Patents Nos. 3,211,310 and
3,155,252, all of which are assigned to the assignee of
the present invention. Although the controls disclosed by
the referred to patents and applications have been largely
successful in providing automatic positioning of a loader
bucket, problems have arisen relating to the entrainment
of air in the hydraulic system causing erratic operation
and at times rendering the automatic positioning mecha-
nisms inoperative until such time that the air is purged
from the system. This invention provides a hydraulic
circuit which includes a cyclically operable valve which
is effective, during each cycle of operation of the position-
ing mechanism, to vent the hydraulic circuit to the atmos-
phere and thereby maintain the hydraulic circuit free of
entrapped air. .

In contrast to the separate pilot pressure fluid circuit
of the referenced patents and applications which is pro-
vided for shifting the main control to arrest operation of
the hydraulic motor, this invention employs the working
pressure fluid to achieve the same result thus giving rise
to a simpler and more trouble-free system.

Accordingly it is an object of this invention to provide
a new and improved control device.

Another object of this invention is to provide a hy-
dranlically actuated positioning mechanism wherein the

- hydraulic circuit is cyclically vented to the atmosphere.

Another object of this invention is to provide a shift-
able hydraulic motor valve to vent a portion of the work-
ing fluid to a zone of reduced pressure in order to purge
and thus maintain the working fluid free of entrapped
air.

Another object of this invention is to employ the
pressure fluid of the main hydraulic circuit to operate
a control device which arrests movement of a position-
ing mechanism at a desired point.

Other objects of the invention and features of novelty
will be apparent from the following description taken
in connection with the accompanying drawings.

In the drawings: )

FIG. 1 shows a wheeled vehicle having a bucket posi-
tioning mechanism incorporating the control device of
this invention.

FIG. 2 is a diagrammatic of the hydraulic circuit
showing the hydraulic valves in section.

Referring to FIG. 1, a loading apparatus generally in-
dicated by the numeral 10 includes a bucket 12 pivotally
connected at 14 to a pair of arms 16. The arms 16 are
pivotally connected at 18 to the frame of the loading
apparatus with pivotal movement of the arms 16 about
the pivot connection 18 being effected by a hydraulic
motor 20, preferably a jack. The bucket 12 is intercon-
nected to a tilt motor 22 by a linkage system 24 which
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operates to hold or retain the bucket 12 in a fixed position
relative to the horizontal as it is raised. Retraction of
the motor 22 causes the linkage mechanism 24 to effect
pivotal movement of the bucket 12 about the pivot 14
thus dumping the contents from the bucket.

The hydranlic circuit for operating the hydraulic
motors 28 and 22 includes a lift kick-out mechanism 26
operating to interrupt flow of hydraulic fluid to the motor
20 when the arms 16 have been raised to a predetermined
position and a cam kick-out mechanism 28 operating to
control the action of motor 22 in order to effect tilting
of the bucket 12 about the pivot connection 14 when the
arms 16 are in their raised position. ]

As shown in FIG. 2, the portion of the hydraulic circuit
for actuating the motor 20 comprises a reservoir 3¢ which
contains hydraulic fluid that is distributed to the circuit by
a pump 32 having the discharge port thereof connected
to the inlet port of a control valve 34 by a conduit 36.
A conventional relief valve 38, located in a branch conduit
40, maintains the pump discharge pressure at a prede-
termined value by operating to return a portion of the
pressure fluid to the reservoir through the conduit 40 and
a conduit 42 open to the reservoir 30.

Pressure fluid from the conduit 36 is discharged to com-
municating passageways 44 and 46 formed in the body
of the control valve 34. A check valve 48 operates in
response to the value of pressure in the passageway 46
to establish communication between the passageway 46
and another passageway 50 which communicates pressure
fluid to a bore 54 containing a reciprocable control spool
52. The bore 54 is formed with a plurality of longi-
tudinally spaced annular recesses 56a, 56b, 56¢, 56d, which
in conjunction with the lands of the spool control the
flow of pressure fluid through the valve 34. The passage-
way 44 distributes pressure fluid to a generally U-shaped
cavity 58 and a port 60 to which is connected the conduit
42 to thereby return the pressure fluid to the reservoir 39.
A conventional spring centering mechanism 62 is pro-
vided for restraining or biasing the spool 52 in a nentral
position, which is the position illustrated in the drawing.
While in the neutral position, it will be moted that the
passageway 44 is in communication with the cavity 58
so that fluid discharged by the pump 32 is immediately
returned to reservoir 3¢ by the conduit 42.

The spool 54 is adapted to assume various adjusted
positions indicated by the letters R, N, L, and F being
respectively, the raise position wherein pressure fluid is
communicated to the motor 2@ effecting extension there-
of, a neutral position wherein fluid is returned directly
to the reservoir 30, the lower position wherein fluid is
communicated to the motor 20 in order to effect retrac-
tion thereof, and a float position wherein fluid is com-
municated to the rod end and head end of the fluid motor
20 permitting the bucket to be lowered by gravity and to
be able to freely follow the terrain over which it is being
moved. The annular recesses 56a and 564 have extending
therebetween an internal passageway 64 defining a fluid
flow path for returning fluid exhausted from the head end
of the hydraulic motor 20 to the recess 564, through the
cavity 58 and to the reservoir 30 by the conduit 42. The
recess 56b communicates pressure fluid from the passage-
way 50 to the head end of the motor 20 by a port 66
and a conduit 68 whereas pressure fluid communicated to
the recess 56c¢ by the passageway 50 is communicated, by
a port 78 and a conduit 72, to the rod end of the motor 20.

In operation assuming that it is' desired to extend the
fluid motor 20, the operator positions the spool 52 ad-
jacent the position indicated by the letter R, blocking
communication between the passageway 44 and the U-
shaped cavity 58 and establishing communication between
the passageway 50 and the discharge port 66. Under
these circumstances the pressure fluid from the pump in-
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creases the pressure in the passageway 46 to a sufficient
value to cause opening of the check valve 48 and allow-
ing the pressure fluid to flow through the passageway 50
into the annular recess 56b and through the discharge
port 66 and the conduit 68 to the head end of the hy-
draulic motor 2 thus causing extension thereof. Retrac-
tion of the hydraulic motor 20 is accomplished by moving
the spool 52 in the position indicated by the letter L
establishing communication between the passageway 50
and the conduit 70 and between the conduit 68 and the
passageway 64. With the check valve 48 open, pressure
fluid is distributed to the hydraulic motor 20 by the con-
duit 72 causing retraction of the motor 2¢. The fluid
exhausted from the head end of the hydraulic motor 20
flows through the conduit 68 to the annular recess 565,
to the annular recess 56q, through the passageway 64 and
to the annular recess 564 which is in communication with
the discharge port 6@ thus returning the exhausted fluid
to the reservoir 30 by the conduit 42,

The lift kick-out mechanism 26 includes a valve operat-
ing in response to the pivotal movement of the arm 16
for communicating pressure fluid derived from the control
valve 34 to a slave valve S being effective to release a
detent mechanism D thereby conditioning the control
valve 34 to interrupt the flow of pressure fluid to the
motor 20 and thus halt pivotal movement of the arms 16.

In accordance with the basic features of this invention
the hydraulic system illustrated in FIG. 2 is arranged to
employ the high pressure fluid for releasing the detent
mechanism D and means are incorporated in the slave
valve S for venting the hydraulic circuit in order to purge
air which may be entrained in the hydraulic system.

As shown, the spool 52 has an extension 74 pivotally
connected to an actuating lever 76 mounted for rotation
with a shaft 78 which is rotatably mounted in a bracket
80 secured to the frame of the machine. Shifting of the
spool to any of the indicated positions is accomplished
when the operator rotates the shaft 78 in turn rotating
the lever 76 thus effecting reciprocation of the spool 52.
In addition to the lever 76 the detent mechanism D com-
prises another lever 82 pivotally connected to the frame
of the machine at 84 and formed with a laterally project-
ing support arm 86 on the end of which is rotatably
mounted a roller 88. The lever 82 is urged in a clock-
wise direction by a spring 99 having one end attached to
the lower end of the lever 82 and the remaining end at-
tached to a small bracket 92 secured to the body of the
valve S.

The lower end of the actuating lever 76 is formed with
cam surfaces 94, 96, and 98 against which the roller 74
is held in engagement by the spring 20. These cam sur-
faces are effective in conjunction with the force of the
spring 90 to retain the lever 76 and the spool 52 in a
desired adjusted position.

It can be seen that rotation of the lever 76 in order
to position the spool 52 of the valve 34 in the raised
position rotates the lower end of the lever 76 in a counter-
clockwise direction permitting the roller 88 to come in
rolling contact with the cam surface 94 and thus cause,
by virtue of the spring 96, clockwise rotation of the lever
82. When the roller 88 is in contact with the cam sur-
face 94, the spool 52 is held in the raised position.

One of the principal features of this invention pertains
to the slave valve S which is constructed and arranged in
accordance with the operation of the deterit mechanism
D to vent the hydraulic circuit when the arms 16 have
been raised to their predetermined position.

Another important feature of this invention pertains
to a high pressure kick-out mechanism operating to com-
municate pressure fluid discharged through the conduit 68
to the slave valve S in order to rotate the lever 82 of the
detent mechanism in a counterclockwise direction thereby
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movement of the arms 16 at a desired raised position.
As shown in FIG. 2, the kick-out mechanism com-
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prises a base plate 109 rigidly mounted on the arms 16
by plurality of bolts 192. A bracket 104, secured to
the plate 100 has a cam 106 secured thereon in any
suitable maner and preferably as shown by means of
a bolt 168. A valve 110 is rigidly supported on a boss
111, forming part of the frame of the loading apparatus.
This valve includes a spcol 112 having an outward ex-
tension 114 on the end of which is rotatably mounted
a roller 116. The spool 112 is normally held in the
illustrated position by a spring 118 located within the
bore of the spool. The valve 119 is connected by means
of a conduit 120 to the conduit 68 and by means of
a conduit 122 to the valve S. During such times that
the control valve 34 is adjusted to discharge pressure
fluid from the pump 32 to the conduit 68 in order to
pressurize the head end of the motor 20, the cam 106
engages the roller 116 moving the spool 112 to the right
(as viewed in FIG. 2) thereby establishing communica-
tion between the conduit 120 and 122 thus communicat-
ing presure fluid to the slave valve S,

When the spool 52 is shifted. leftwardly in order to
admit pressure fluid to the conduit 68 causing extension
of the motor 20, the actuating lever 76 is rotated in a
counterclockwise direction and the lever 82 by virtue
of the spring 90 is rotated in a clockwise direction estab-
lishing rolling engagement between the roller 88 and the
cam surface 94,

The slave valve S is hydraulically arranged with the
valve 110 and mechanically arranged with the detent
mechanism D to vent the fluid in the conduit 122 and
to permit the spring centering mechanism 62 to return
the spool 52 to its neutral position when the arms 16
have reached a predetermined raised position. The
valve S comprises a tubular body 124 having a spool 126
reciprocably mounted therein. The spool has a reduced
diameter portion 128 extending between inner and outer
lands 130 and 132 respectively. An elongated rod por-
tion 134 extending from the land 132 is pivotally con-
nected at 136 to the lower portion of the lever 82. An
orifice 138 is provided in the wall of the body 124, lo-
cated between the lands 130 and 132, and is connected
by means of a conduit 140 to the reservoir 30. .As
shown, the conduit 122 establishes communication be-
tween the valve 110 and the valve S in order to com-
municate pressure fluid from the conduit 120 to the
valve S when the spool 112 is moved inwardly by the
cam 106. A passageway 142 (shown in dotted out-
line) establishes communication between a chamber 144
and an annular cavity 146. The passageway 142 is
provided for communicating pressure fluid, communi-
cated to the cavity 146 by the conduit 122, to the cavity
144 in order to cause shifting of the spool 126 to the
right. By virtue .of the pivotal connection 136 it will be
apparent that shifting of the spool 126 to the right causes
consequent counterclockwise rotation of the lever 82.

In describing the orperation it will be assumed that
the hydraulic motor 20 is to be extended raising the
arms 16 and the detent mechanism D is adjusted so
that the roller 88 is in contact with the cam surface 94
and the spool 126 of the slave valve S is accordingly
shifted to the left a sufficient distance establishing com-
munication between the conduit 122 and the orfice 138.
As the arms 16 reach their predetermined raised posi-
tion, the spool 112 of the valve 110 is shifted by the cam
1686 to establish communication between the conduits 120
and 122 thereby communicating pressure fluid to the
cavity 146. A part of the fluid communicated to the
slave valve S is exhausted through the orifice 138 to the
reservoir 39 by the conduit 148.  The remaining portion
of the fluid is communicated to the chamber 144 by
the passageway 142 increasing the pressure in this cham-
ber a sufficient amount to overcome the bias of the
spring 90 and shift the spool 126 to the right. Such
shifting in turn causes counterclockwise rotation of the
lever 82 and consequent disengagement of the roller 88



3,289,546

5

from the cam surface 94, Thus spring centering mech-
anism 62 of the control valve 34 is made effective to
position the spool 52 in a neutral position blocking flow
of pressure fluid to the conduit 8 to arrest further ex-
tention of motor 20. It is seen that the slave valve S
is effective to constitute a release mechanism for the
detent D and at the same time purge any air that may
be entrapped in the hydraulic system every time the
arms 16 are actuated to their raised position.

Although the slave valve S has been shown and
described with a loader mechanism or loading apparatus,
it is to be appreciated that it may be incorporated in
any hydraulic circuit where cyclic automatic purging
is desired.

What is claimed is:

1. A control device for a fluid circuit comprising a
moveable support, a fluid moter being arranged to im-
part movement to said support, a valve mechanism for
communicating pressure fluid to said motor to cause
operation thereof, means including a pressure operated
device connected to the circuit for maintaining said
valve mechanism in a position communicating pressure
fluid to said motor, and means actuated in response to
the position of said support and being operable to com-
municate pressure fluid to said pressure operated device
for disconnecting said motor from a source of pressure
fluid in order to arrest movement of said moveable
support.

2. A control device for automatically veniing a
hydraulic control circuit comprising a moveable sup-
port, a hydraulic motor being arranged to impart move-
ment to said support, a valve mechanism for communi-
cating pressure fluid to said motor to cause operation
thereof, means including a pressure operated device
connected to the circuit for maintaining said valve
mechanism in a position communicating pressure fluid
to said motor, means actuated in response to the posi-
tion of said support and being operable to communicate
line pressure fluid to said pressure operated device for
disconnecting said motor from a source of pressure fluid
in order to arrest movement of said moveable support,
said pressure operated device being formed to define a
chambered portion communicating with the source of
fluid by a conduit, and means for throttling the flow of
the fluid flowing between said chamber and the source
of fluid.

3. A control device for automatically venting a
hydraulic control circuit comprising a double acting
linear actuator; a control valve including a reciprocable
spool for controlling the flow of pressure fluid to said
actuator to thus effect extension or retraction thereof;
a support arranged to be moved by said actuator;
means for biasing said spool to a neutral position block-
ing communication of pressure fluid to said actuator; a
detent mechanism for holding said spool in an adjusted
position against the bias of said biasing means in order
to communicate pressure fluid to said actuator and
thereby effect movement of said support; a detent re-
lease valve operated by the pressure fluid derived from
said control valve and in response to the movement of
said support for rendering said biasing means effective
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to move said spool to the neutral position and thus ar-
rest movement of said support; and means associated
with said detent release valve for venting the fluid com-
municated thereto to a zone of reduced pressure.

4, A control device for venting a hydraulic circuit
comprising a fluid control valve having a spool recip-
rocably mounted therein, a double acting linear actuator
connected to said control valve, said spool being ad-
justable to communicate pressure fluid to said actuator
to effect extension and retraction thereof, a detent mech-
anism rendered operative when said spool is adjusted
to effect extension of said actuator and maintain said
spool in its adjusted position, a fluid operated detent re-
lease mechanism including a housing having a recip-
rocable valve element formed with land portions and a
rod portion, means effective upon the extension of said
actuator for communicating pressure fluid from said con-
trol valve to an annular chamber of said detent release
defined by said rod and land portions, throitling means
for exhausting a part of the fluid communicated to said
annular chamber to a zone of reduced pressure and
thereby purging entrapped air from the circuit, and a
passageway in said valve element communicating fluid
from said annular chamber to a second chamber defined
by one of said lands and said housing in order to effect
shifting of said valve element, said valve element being
connected to said detent mechanism so that upon shift-
ing thereof as aforesaid release of said detent is effected.

5, In combination, a hydraulic motor, a selectively
operable control valve for controlling the flow of pres-
sure fluid from a source to said motor, a reciprocable
spool in said control valve formed with an elongated ex-
tension located outwardly of the valve body, a first link
having one end pivetally connected to said extension
and the other end formed to define a cam surface, a
second link supporting a cam follower in contact with
siliently biased to bring said follower in contact with
said cam surface, valve means having a reciprocable
spool connected to said second link, said last mentioned
spool being moved in one direction by the bias imparted
to said second link and in the other direction by pres-
sure fluid communicated to said valve means, a valve
operable in response to the operation of said motor com-
municating pressure finid to said valve means for mov-
ing said spool thereof in said other direction against
the bias of said second link to permit disengagement
of said cam and follower and allow said first mentioned
spool to interrupt flow of pressure fluid to said motor.
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