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(9 Fluid motor control circuit with fast-acting quick-drop valve.

@ A control circuit (11, 11b) for a fluid pressure-opera-
ted cylinder (13, 13b) or the like has a quick-drop valve
(12, 12b) which enables faster gravity-assisted lowering of
a load (16, 16b) and which quickly shifts to a power-down
mode of operation when dropping of the load by gravity
ceases. Means (47, 47b, 54, 54b, 56, 56b) sensing flow
rate to the head end of the cylinder and sensing cavitation
in the head end initiate the quick-drop operation at which
the discharge path from the cylinder back to tank is totally
blocked and all discharge from the rod end is recirculated
to the head end. When resistance to further lowering of the
load occurs, the quick-drop valve responds by shifting to
block communication between ends of the cylinder while
establishing a rod end discharge path to tank to initiate a
power-down mode of operation quickly and without lag or
bounce.
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FLUID MOTOR CONYROL CLRCUIT
WITIH FAST-ACTING QUICK-DROP VALVE

Technical Pield

Thls invention relates to control systems for fluid
pressure-operated motors, such as fluld cylinders, filuid
actuators or the like, and more particularly to a quick-drop
valve which enables fast gravity-assisted lowering of a load
or member by directing fluid which discharges from one motor
port back to the other motor port.

Background Art

Control systems for fluld cylinders or the 1like
usually have a main control valve connected between the
cylinder and a pump or other source of pressurized -fluid. 1In
many systems the maiﬁ control valve has a raise position at
which pressurized fluid is supplied to the rod end of the
cylinder and at which fluid 1is discharged from the head end
in order to move a load against gravity or against some other
resistance. In this raise mode of operation the rate of
cylinder retraction is determined by thé rate at which the
pump forces fluid into the cylinder. This is not necessarily
the case when the main control valve is shifﬁed to the lower
or power-down positlon at which the pressurized fluid is
applied to the head end of the cylinder and at which fluid
discharges from the rod end back to tank. DLuring the power-
down mode of operation gravity or other forces may be
capable of causing a rate of cylinder extension exceeding
that established by the rate of flow of pressurized fluild to
the head end of the cylinder. Severe negative pressures or

cavitation may then cause a loss of precision in controlling
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the cylinder. The cylinder may not respond quickly to
shifts of the control valve and other adverse effcets ocecur
such as erratic cylinder motion and vibration and bounce or
temporary reversals of cylinder motion. While these effects
can be avoided by restricting the rate at which fluid can
discharge back to tank through the main control valve at the
povwer-down position of the valve, this may undesirably limit
the rate of lowering of the load.

To enable fast lowering of a load, a variety of
quick-drop valves have heretofore been designed for
connection between the two flow passapges to the ends of the
cylinder at a location relatively close to the cylinder and
in some cases as a built-in component of the cylinder itself.
Quick-drop valves prévide a relatively short and low
resistance fluid interchange path between the fwo ends of the
cylinder that remains closed during the raise mode of
operation but which is opehed during gravity-assistea
lowering of the load so that fluid which is discharging from
one cylinder port is directed to the other port to supplement
the incoming flow from the main control valve. Typically, the
quick~drop valve senses cavitation in the cylinder during the
power-down mode of operation and opens automatically while
such condition 1s present.

Prior quick-drop valves of known forms are subject
to certain operational disadvantages. Many prior quick-drop
valves operate in response to a discharge pressure
differential across a restriction in the flow path which
connects the discharging end of the cylinder with the tank

throuph the main control valve. Consequently the discharge

a



10

20

0010699

...3..
flow path must remain at least partially open and part of
the discharge flow must be returned to tank during the
quick~drop mode of operation instead of being recirculated
to the head end to inhlbit cavitation. Some other prior
quick-drop valves respond to a flow restriction situated
in the flow path to the pressurized end of the cylinder,
but in these cases the discharging flow path remains
communicated with tank durlng the quick-drop mode of
operation again preventing use of the entire discharge flow
for the purpose of enabling fast lowering of a load without
adverse effects.

The prior art has not provided a quick-drop valve
which fully seals off the rod end flow passage from tank
during the quick—droﬁ mode of operation and which.fully
returns all discharge fluld toc the head end of the cylinder
at that time.

Consldering an additional problem encountered with
prior quick-drop valves, there are fluid cylinder usages in
which 1t is desired to continue lowering the load by reverting
to a power-down mode of operation after gravity ceases to be
effective for this purpose. The fluld cylinders used to
raise and lower a bulldozer blade relative to a tractor body
are typical of such systems. Control systems for such
cylinders often provide a quick-drop mode of operation to
speed the dropping of the bulldozer blade towards the ground
in preparation for work operations. When the blade contacts
the ground it may be necessary to convert to a power-down mode
of operation to drive the blade forcibly downward a short

distance into the ground. An undesirable time lag tends to
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oceur between the quick-drop operation and the subsequent
power-down operation and in somé cases an undesirable bounce
effect or momentary reversed motion of the bulldozer bléde
or other driven mechanism may occur. This effect is found
in prior quick—dgop systems which shift automatically by
sensing increased resistance to lowering of the load as well
as in systems in which the operator must manually shift the
main control valve from a float or quick-drop setting to a
power-down setting.

Disclosure of the Invention

The present invention is directed to overcoming
one or more of the problems as set forth above.

In one aspect of the present invention, the éontrol
system for one or more fluid cylinders or other fluid motors
includes quick-dreop valve means which shifts from a power-down
mode of operation into a quick-drop mode upon sensing
cavitation accompanied by a fluid flow into the cylinder which
is above a predetermined level. The quick-drop valve means
then completely blocks the discharge flow path from the
cylinder back to tank in order to recirculate all discharge
fluid directly back to the eylinder. This total regeneration
of the discharge flow enables an extremely flast gravity
lowering of a load without adverse effects. Upon sensing
resistance to continued lowering of the load the quick-drop
valve means automatically reverts to therpower-down mode of
operation rapidly and without bounce or other adverse effects,
enabling continued lowering of the load without any
sipnificant interruption.

The quick-drop valve means is blased towards a
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normal posltion at which the two-flow passages to the
cylinder or the like are isolated from each other and
separately communicated with the main control valve to

enable raise, hold and power-down modes of operation to be
selected by manipulation of the main control valve. A

flow restriction 1s provided in the particular flow passage
phrough which fluid 1s directed to the cylinder or the like
during the power-down mode of operation. Pilot means

respond to cavitation in the cylinder accompanied by a
predetermined pressure differential across the flow
restriction by shifting the quick-drop valve to an alternate
position at which the discharge flow passage back to the main
control valve 1s completely blocked and at which all
discharge fluid is recirculated back to the cylinder or the
like to supplement the flow arriving from the main control
valve. The pllot means also respond to either or both of

a drop of the pressure differential across the flow
restriction and a cessation of cylinder cavitation by qulckly
resetting the quick-drop valve back to the power-down
position.

The invention, together with further features and
advantages thereof, will best be understood by reference to
the following description of preferred embodiments taken in
conjunction with the accompanying drawings.

Brief Description of the Drawings

Figure 1 depicts a fluid motor control circuit
including a quick-drop valve under conditions which establish
the ralse mode of operation at which the motor 1ifts a load

against gravity,
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Figure 2 is a view of a portion of the apparatus
of‘Figure 1 during the power-down mode of operation,

'igure 3 is a view of a portion of the circuit
of Figures 1 and 2 during the gquick-drop mode of operation,

Fipgure Hrillustrates a modification of a portion
of the apparatus of Figures 1 to 3,

Pipure 5 is a view of an alternate embodiment of
the invention shown in the raise mode of motor operation,

Figure 6 1s a view of a portion of the alternate
embodiment of Figure 5 shown in power-down mode of operation,
and

Figure 7 1s a view of the alternate embodiment of
Figures 5 and 6 during the quick-drop mode of operation.

Best lMode for Carrying Out the Invention

Referring iniltially to Figure 1 of the drawing,
a fluid circuit 11 includes a quick-drop valve means 12 for
controlling a fluid motor 13 that has first and second motor
ports 14 and 17 respectively each of which may receive or
discharpge fluid depending on the direction of motor motion.
Motor 13 in this example is a fluid cylinder 13a in which the
first motor port is a rod end port 1l4a to which pressurized
flufd is directed to cause cylinder retraction and consequent
raising of a load 16 and in which the second motor port is a
head end port 17a to which the preSsurized fluid may be
directed to cause extension of the cylinder ana lowering of
the load.

The load 16 in this particular example is a
bulldozer blade 18 coupled to the body of a tractor 19 through

vertically pivotable push arms 21 to which the rod of
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cylinder 13a is coupled. Thus by supplying pressurized
flﬁid to rod end port 1lla while allowing fluid to discharge
from head end port 17a, the cylinder 13a may be caused to
retract to raise the blade 18 against gravity. Lowering of
the blade 18 may be accomplished by directing pressurized
fluid to head end port 17a while allowing fluid to discharge
from rod end port lla, but in this case two distinct modes
of cylinder extension are possible.

If there 1s sizable resistance to lowering of the
load, such as when the blade 18 is in contact with ground
22, the rate of cylinder extension is primarily determined
by the rate at which pressurized fluld 1s directed into head
end port 17a and the, system is in the power-down mode of
operation. Under other conditions, such as when the lower
edpe of the blade 18 is above the ground, cylinder extension
may tend to outrun the incoming supply of pressurized fluid
and the extenslion rate 1s then determined by gravity acting
against mechanical friction and whatever degree of flow
resistance may be present in the discharge path from rod end
port 1lda. It is often desirable to take advantage of the
faster rate of cylinder extension obtainable by this gravity-
induced or quick-drop mode of operation but this is practical
only to the extent that the previously described adverse
effects which accompany excessive cavitation within the head
end of cylinder 13a can be prevented. The quick-drop valve
means 12 of circuit 11 inhibits such effects during the
quick-drop mode of operation to provide for extremely fast
lovering of the load and further provides for an extremely

quick automatic shift into the power-down mode of operation
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when resistance to lowering of the load increases from
contact of blade 18 with the ground 22 or other causcs.

The ecircuit 11 may utilize a fluid such as 0il
for example, stored in a tanl 23, which is pressurized and
delivered to a fluid inlet 25 of a main control valve 26
by a pump 24. Main control valve 26 also has a drain outlet
27 for returning discharge fluid to tank 23. A relief valve
28 1s connected between theloutput of the pump 24 and tank
23 to establish a predetermined maximum fluid pressure and
to return excess output fluid from the pump directly back to
the tank.

The main control valve 26 in thls example is of the
manually operated form and has four positions or settings.
At the raise positioﬁ of the main control valve depicted in
Figure 1, pressurlzed fluld is directed into a first or rod
end flow path conduit 29 while a second or head end flow
path conduit 31 is communicated with tank 23 through drain
outlet 27. The main control valve 26 may be shifted to a
hold position at which both flow path conduits 29 and 31 are
closed at the main control valve, whiie inlet 25 is
communicated with drain outlet 27, thereby immobilizing the
cylinder 13a. At the third or lower position of the main
control valve 26, head end flow path conduit 31 receives
pressurized fluid from inlet 25 while the rod end flow path
conduit 29 is communicated with drain outlet 27. The fourth
position of the main control valve 26 is a float position at
which flow path conduits 29 and 31 are intercommunicated with
each other and with drain 27.

The quick-drop valve means 12 may have a housing 32
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with a bore forming a cylindrical valve chamber 33 in which
a movable valve member or spool 34 is disposed. An annular
proove 36 1s formed in housing 32 and communicates with
chamber 33 and with the first or rod end port lia of
cylinder 13a through a first valve port 37 and a flow line

38. Another spaced-apart annular groove 40 opens into

" chamber 33 and 1s communicated with the second or head end

port 17a of the cylinder 13a through a second valve port Ul
and head end flow line 31. 8Still another annular groove 45
opening into chamber 33 is communicated with the rod end flow
path conduit 29 at a third valve port 44, The head end flow
path conduit 31 includes a flow restriction 47 situated
betweeri the main control valve 206 and the connection fo
second valve port 81, '

Spool 34 is shiftable in the axial direction from
a normal position depicted in Figure 1, at which the spool
abuts the left end of chamber 33 as viewed in the drawlings,
to an alternate or quick-drop position depicted in Figure 3.
Referring agaln to Figure 1, the spool 34 has three axially
spaced-apart annular lands 48, 49 and 51 of which lands 48
and 19 jointly define a broad spool groove 52 while lands
49 and 51 jointly define a second spaced-apart broad spool
groove 53. The lands 48, 49 and Y1 are positioned on the
spool to cause the first and third valve ports 37 and by to
be communicated by sbool groove 53 and to be isolated from
the second valve port 41, by land 49, when the spool is at
the normal position depicted in Figure 1. Wnen the spool 34
1s shifted to the alternate or quick-drop position depicted

in TFigure 3, spool groove 52 communicates the first and
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second valve ports 37 and 41 while blocking and conmpletely
closing off the third valve port U4l from each of the other ‘
valve ports.

Referring again to Figure 1, shifting of the valve
spool 34 between the normal position and the guick-drop
position is controlled by first and second pilot means 54
and 56 respectively situated at the left and right ends of
spool 34 as viewed in Figure 1.

The first pilot means 54 in this example is formed
by the left end of valve chamber 33, spool 34 including
land 48 and a first pilot signal line 57 which communicates
the first pilot chamber 55 at the left end of valve chamber
bore 33 with a first region 58 of the head end flow path
conduit 31 which is Eetween main control valve 26 and flow
restriction 47. The second pilot means 56 includés a second
pilot chamber 59 which is of greater diameter than the valve
chamber 33 and which is within an enlarged right end section
32' of housing 32. A pilot piston €1 is disposed in pilot
chamber 59 and is movable in the axial direction between an
unactuated position at which the pilot piston abuts the right
end of the pilot chamber 59 as depicted in Figure 1 and an
actugted position depicted in Figure 2 at which the pilot
piston abuts the left end of the pilot chaﬁber 59. EBiasing
means in the form of a resilient compression spring 62 is
disposed in valve housing 32 between spool 34 and pilot piston
1 to bilas the valve spool towards the normal position while
biasing the pillot piston 61 towards the unactuated position
as depicted in Figure 1. To exert a counter force on the

pilot piston 61 under certain conditions to be described, a
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second pllot signal line 63 communicates the outer or right
end of pilot chamber 59 with a second region 64 of the head
end flow path 31 that 1s on thé opposite side of re.-riction
47 from region 58. A drain passage 66 communicates with the
opposite end of the pllot chamber 59, at the region of
spring 62, to avoid accumulation of legakage fluid between
the spool 34 and the pilot picton 61.

As will be discussed in connection with operation
of the apparatus, second pilot chamber 59 including piston
1 have a larger diameter than the first pilot chamber 55 in
order to prevent shifting of spool 34 to the quick-drop
position until the pressure in chamber 55 exceeds that in
chamber 59 by a sizable amount indicative of cavitation in
the head end of cyliﬁder 13a. Referring now to Flgure 4,
this same effect may be realized with a second pilot
chamber 59' which has the samé diameter as quick-drop valve
housing bore 33' if the first pilot chamber 55' has a smaller
diameter. In this modification, the piston 61 and drain 66
of the quiclk-drop valve as deplcted in Figures 1 to 3 are
eliminated _and, as shown in Figure 4, a relatively small
piston 61' is situated in the first pilot chamber 55' and a
drain 6G0' is provided in the valve housing 32' between
piston 61' and the valve spool 34', the apparatus otherwise
being;, similar to that previously described.

Industrial Appllcability of the First Embodiment

In operation, raising of the load 16 against
gravity is initiated by shifting the main control valve 26 to
the raise position depicted in Figure 1 at which pressurized

fluid from pump 24 is transmitted to rod end conduit 29 and
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at which the head end conduit 31'is opened to drain outlet
27. Spring 62 holds spool 34 at the normal position since
the flrst pilot chamber 55 is Spen to drain and only lightly
pressurized if at all. In addition, a sonewhat higher
pressure is present in the second pilot chamber 59 owing to
the pressure differential created across restriction 47 by
the discharging flow. If the discharge flow is sufficiently
high this may shift pilot plston 61 put the practical effect
is simply to increase the spring force which is holding spool
34 at the normal position depicted in Figure 1.

Accordingly, pressurized fluid from pump 24 is

transmitted to the rod end port lla of the cylinder 13a
through mailn control valve 26, rod end conduit 29, valve
ports 44 and 37 and flow line 38. The head end port 17a of
the cylinder is open to drain outlet 27 through head end flow
conduit 31 including restriction 47 and the main control
valve 26. Thus cylinder 13a retracts to raise the load 16.
As the main control valve 26 is of the infinitely variable
form, the operator may, within limits, control the rate of
raising of the load by adjusting the main control valve to
regulate fluid flow rate to the cylinder.

To stop the retractlion of the cylinder 13a, mailn
contrecl val&e 26 may be shifted to the hold position at which
both the rod end flow conduit 29 and the head end flow conduit
31 are blocked at the main control valve. The sysiem has not
been depicted in the drawings in the hold position as all
components other than the main control valve 26 remain in
the positions depicted in Figure 1. The load 16 is immobilized

as fluid from rod end port l4a cannot flow back to drain owing
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to the closed condition of the main control valve and
cannot flow into the head end of the cylinder owing to the
positlion of land 49 which blocks first valve port 37 from
second-valve port 41. Similarly, fluld cannot flow into
or out of the head end port 17a as the head end flow path
conduit 31 is also blocked at the main control valve 26.
The first and second pllot means 5! and 56 are unable to
shift spool 34 or pillot pilston 61 gt this time since there
is no flow across restriction 47 to create a pressure
differential which might activate the pilot means.
Additionally, the pressure within the pilot signal lines
57 and 63 tends to be low at this time as the weight of
the load 16 tends to create a high-pressure conditlon in
the rod end of cylinaer 13a and a relatively low-pressure
condition in the head end. .

Lowering of the load 16 is initiated by shifting
the main control valve 26 torthe third or lower position as
depicted in both of Figures 2 and 3. The quick-drop valve
Imeans 12 may self-operate to elther the power-down position
depicted in PFigure 2 or to the quick-drop position deplcted
in Figure 3 depending on the interrelationship between two
factors. "The first factor is the direction of the external
forces acting on cylinder 13a., 1If external forces are ;uch
as to oppose lowering of the load, the circuit 11 assumes the
power-down position depicted in Figurc 2 without regard to the
second factor. The second factor is the extent to which the
operator has opened the main control valve 26 into the lower
setting or, in other words, the rate at which pressurized

fluid is being transmitted to the cylinder through restriction

-



10

0010699

-1L4~
47 and being discharged from the;cylinder through the main
control valve. If external fo;ces such as pgravity are acting
to extend the cylinder, then the action of the circuit 11
depends on the relationship of the magnitude of the external{'
force to the degree of opening of the main control valve 26,
This action can best be understood by first considering the £
operation of the circuit in the bowcr—down mode under ”
conditions where there is external resistance to extension
of the cylinder 13a or where the main control valve 26‘has
been opened only to a limited extent insufficlent to enable
the quick-drop mode of operation.

During the power-down mode of operation as deplcted
in Figure 2, spool 34 of the quick-drop valve 12 remains in
the normal or leftward position while the pilot piston €1 is
shifted to the actuated or leftward position by @he second
pllot means 56 as will hereinafter be discussed in more detail.
At this normal position of spool 34, the first and third valve
ports 37 and U4 remain communicated across spool groove 53
and remain blocked from the second valve port 41 by spool
land 49. Pressurized fluid is therefore supplied to the head
end port 17a of cylinder 1l3a through head end flow condult 31,
including restriction 47. The rod end port lhda of the
cylinder is communicated to drain outlet 27 through flow line
38, valve port 37, spool groove 53, valve port 44, rod end
flow path conduit 29 and the main control valve 26. The
resulting high fluid pressure within the head end of the
cylinder extends the cylinder to forcibly lower the load
arainst the resistance to such movgment.

Pilot piston 61 shifts to the actuated position at
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this time since the relatively high pressure within the head
end of the qylinder 13a is transmitted to pilotrchamber 59

by the second pillot sipgnal 1iné 63 where the pressure acts
agailnst the pilot piston 61 with a force greater than that

of spring 62. The flow of fluid through restriction U7
creates a pressure drop thereacross causing a somewhat hiéher
pressure to be present in the pilot chamber 55 of the first
pilot means 54 than in the second pilot chamber 59 but owing
to the difference in the diameters of the two pilot chambers
and to the force exerted by spring 62, the pressure difference
is insufficient to shift spool 34 and pilot piston 61
rightwardly. Spool 34 therefore remains at the normal
position depicted in Pigure 2 to establish the power-dbwn mode
of operation. The rélative diameters of the two pilot
chambers 55 and 59 and the force characteristics 5f spring 62
are fixed to offset the effect of the pressure drop across
restriction 47 at times when the flow rate through the
restriction 47 has been limited by opening of the main control
valve only to a limited extent.

If the main control valve 20 is opened into the
lower setting to‘a greater cxtent thereby increasing the flow
rate across restriction 47 and if gravity 1s acting to cxtend
the cylinder 13a more rapidly than provided for by that flow
rate, the circuilt 11 shifts to the quick-drop mode of
operation depicted in Figure 3. With spool 34 in the power-
down position of Figure 2, a reversal of the pressure
relationship between the ends of cylinder 13a occurs at the
time that gravitatlonal cylinder extension starts to overrun

the fluld pressure-caused extension. Pressure at rod end port
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lla rises while the pressure at head end port 17a drops to
a negative level at which vacuum or cavitation conditions
are created in the head end. The pressure in second pilot
chamber 59 is therefore reduced relative to the pressure in
the first pllot chamber 55. The pressure differential
across flow restriction 47 1s then able to offset the effect
of the difference of diameters of pilot chambers 55 and 59.
Spool 34 and pilot piston 61 are then forced rightwardly as
viewed 1ln the drawing to the quick-drop position of Figure
3. '

At the quick-drop position the rod end port 1lla
of the cylinder 13a 1is communicated with the head end port
17a within the quick-drop valve, specifically throﬁgh Tlow
line 38, first valvelport 37, spool groove 52, second valve
port 41 and head end flow conduit 31. At the fuli quick—dfop
position, land 49 completely blocks the discharge flow path
from the rod end port lia back to drain outlet 27 through rod
end flow conduit 29 and the main control valve 26. As there
is no discharge path back to drain, all discharge fluid from
rod end port lla 1s regenerated back to the head end port l7é
to enable very fast gravitational cylinder extension without
adverse effects from an inadequate supply of fluid in the
head end.

Thus there are basically two conditions which must
be present for the system to shift into the quick-drop mode
of operation. First, the main control valve 2€& must be
shifted sufficlently into the lower position to provide a
flow rate through restriction 47 which produces a pressure

differential between pilot chambers 55 and 59 high enough to
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compress spring 62. Second, the-head end of cylinder 13a
must be voilded of positive pressure.

The circuit 11 quickiy and automatically reverts
from the quick-drop mode of operation of "igure 3 back to
the power-down mode of operation of Figure 2 when a
substantial resistance to continued cylinder extension is
encountered, for example, upon contact of the bulldozer blade
18 of Figure 1 with ground surface 22, Referring to IFigures
2 and 3 in conjunction, this quick automatic reversion to
the power-down mode occurs since slowlng or stopping of the
rate of cylinder extension eliminates the void or negative
pressure in the head end of cylinder 13a and thus eliminates
at least one of the two conditions which, as discussed above,
are necessary to put.the system in the quick-drop mode of
operation. When the head end of the cylinder is no longer
voided, pressure rises in the second pilot chamber 59. The
force exerted on spool 34 by the larger pilot piston 61 and
spring 62 then exceeds the opposing force on the spool
exerted within first pillot chamber 5% causing the valve
spool and pilot piston to be moved to the left, as viewed
in the Arawing, back to the power-down position depicted in
Flgure 2. Cylinder extension then continues at a slower rate
in the manner described above with reference to the power-
down mode of operation until such time as the operator shifts
the maiﬁ control valve 206 bLack to the hold or raise position
or until such time as the limit of cylinder extension 1is
reached.

Although the system shifts automatically between

the power-down mode and the quick-drop mode, the operator may

“
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optionally restrict the circult to the power-down mode and
lower the load slowly by limiting the extent to which the
main control valve 206 is openea into the lower position.
This restricts the rate of flow through restriction 47 to
a value which is less than that needed to produce a pressure
difference, between pilot chambers 55 and 59, sufficient to

compress spring 62. VWith spring 62 uncompressed, valve

spool 34 is necessarily at the leftward or power-down

position of Figure 2, If the operator then opens the control °
valve 26 more completely, increasing the flow rate through
restriction 47, the pressure diflfcrential between pilot -
chanbers 55 and 59 increases to compress spring 62 and the
quick-drop mode of operation may result if the hereinbefore-
described necessary conditions are present. -

The system has been described above with reference
to a usage involving a single cylinder 13a, but it should be
appreciated that the invention is equally applicable to
systems which may employ a plurality of cylinders 13 or the
like and it 1s preferable 1ln such cases to provide a
scparate quick-drop valve 12 for each such cylinder. As a
practical matter, it is.more commmon to employ a pair of
cyliﬂders of this kind to manipulatera bulldozer blade 18.
Similarly, it should be appreciated that the invention may
also be applied to the control of other fluld actuated
devices provided they are of a type in which the amount of
fluid discharped from one port during the quick—drop mode of
operation is less than the amount which can be admitted to
the other port (which condition would not be met in the

system of Pipure 1 il cylinder 13a were inverted so that the
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head end coupled to the load 16).

Second Embodiment for Carrying Out the Invention

It should also be appreclated that variations of

'the circult 11 are readily possible. Figures 5 to 7 depilct

another embodiment of the circult 11b having a modified
form of pilot means for controlling shifting of the quick-
drop val&e between the power-down position and the quick-
drop position.

Referring 1nitially to Figure 5 in particular,
the pressurized fluild source or pump 24b together with tank
23b, relief valve 28b and main control valve 26b may all be
similar to the corresponding components of the previously
described embodiment. Similarly, the c¢ylinder 13b including
head end and rod end ports 17b and 1lib respectively and the
load 16b may if desired be similar to the corresponding
mechanisms hereinbefore described with reference to the
first embodiment. As in the previous case, a head end flow
path conduit 31b containing a flow restriction #7b is
connected between main control valve 2t and the head end
port 17b of the cylinder and with the second valve port A4lb
of quick-drop valve housing 32b. A rod end flow path conduit
29L is apain connected between the main control valve 206b and
third valve port Uib of quiqk—drop valve housing 32b while the
first valve port 37b agaln connects to cylinder rcd end port
14b through a flow line 38b.

The quick-drop valve housing 32b has a cylindrical
valve chamber 33b with three axially spaced-apart grooves
LOob, 3Gb and 45b at which valve ports 41lb, 37t and 4lb

respectively are located. Valve spool 34b 1s disposed in
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bore 33b for axial movement between a normal position;
depicfed in Figures 5 and 6, at which the spool abuts the
left end of chambef 33b as vie%ed in the drawing and a 7
quick-drop position depicted in Figure 7 at which the spool
abuts the opposite end of the chamber. Spool 34b is formed
with four lands 71, 72, 73 and 74 which define three axially
spaced-apart spool grooves 76, 77 and 78. The lands and
grooves are located on the spool to cause groove 78 to
communicate valve ports 37b and 4U4b when the spool is at the
normal position deplcted in Figures 5 and €& while land 73
blocks both such valve ports from the other valve port 41b.
At the qulck-drop position depicted in Figure 7, the
intermediate spool groove 77 communicates valve ports é?b
and U41b while land 73 blocks both such ports from valve port
Yo, '

At either position of the valve spool 34b, a second
I'ilot signal line 63b containing a control orifice 75
communicates spool groove T6 with a region 64b of head end
flow conduit 31b located between flow restriction 47b and
nead end motor port 17b. A first pilot signal 1line 57b
communicates the first pilot chamber 55b dofined by the left
erid of valve chamber 33k with a region 58b of head end flow
passage conduit 31b which is between restriction 47t and the
main control valve 26b.

The opposite end of chamber 33b constitutes a
sccond pillot chamber 59b and is communicated vith spool
groove 76 bty a passage 79 within the spool. A compression
spring €2b is situated within pilot chamber 59b to bias spool

34b towards the normal position depicted in Figure 5.

-
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Thus pllot chamber 55b.in conjunction with spool
land 71 and pilot sipgnal line 57b constitute a first pilot
means 54b for exerting a force tending to urge the spool
34b away from the normal position depilcted in TFipure 5.

The opposite pilot chamber 59b in conjunction with land T4,
pllot signal line 63b, spool groove 76 and spool passage T9
constitute a second pilot means 56L in which fluid pressurc
forces, aided by the force of spring 62b, act to urge the
valve spool towards the normal position depicted in Figure 5.

Pressure-responsive valve means 80 are provided
for equalizing the fluld pressures in the two pllot chambers
55b and 59b during the power-down mode of operation an@ for
producing an abrupt change of pilot pressures when conditions
dlctate a shift betwéen the power-down positicn of valve
spool 34b and the quick-drop position of the spool, the
pressure-responsive valve means being a piloted check valve
81 of the pllot-to-close form 1n this example. The check
valve f1 has an inlet 82 in one end communicated with first
pllot signai line 57b and has an outlet 84 in one side
communlicated with groove 76 of the quick-drop valve spool
34b. Check valve 81 further has an internal spool 86 which
may retract from inlet 82 to communicate pilot signal line
57b with outlet 84 in response to fluid pressure at the inlet
except when a higher pilot pressure is present in a pilot
chamber 87 behind the spool. A pilot port 88 at the other
end of the check valve 81 communicates pilot chamber 87 with
the flow line 38bwhich connects first valve port 41b with the

rod end port 14b of cylinder 13b.
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Industrial Applicability of the Second Imbodiment

In operation, setting of the mailn control valve
26b at the raise position as depicted in figure 5 causes
pressurized fluld from inlet 25b to be transmitted to rod
end port 1l4b of the cylinder through rod end flow conduit
28b, third valve port 44b, spool groove 78, first valve port
37b and flow line 38b. Simultaneously, fluid being
discharped from the cylinder head end port l7bris drained
to tank through flow condult 31b and the main control valve.
As a result, cylinder 13b retracts to raise load 16b apainst
gravity. The quick-drop valve spool 3ib is held in the normgl
or leftward position at thls time in part by the force of
spring 62b and in part because the direction of flow éhrough
restriction 47b creates a pressure differential ap which a
higher fluid pressure is transmitted to pilot chamber 59b
than is transmitted to the opposite pilot pressure chamber
55b. Piloted check valve 81 remains closed at this time and
does not affect the net pilot pressure force on valve spool
31b since the high £luid pressure being transmitted to the
rod end of cylinder 13b is also transmitted to the pilot
chamber 87 of the check valve.

If the main control valve 26b iz then shifted to
the lower setting as depicted in Fipures 6 and 7, the circuilt
11b shifts either to the power-down mede of operation
1llustrated in Figure 6 or to the gulck-drop mode of
operation depicted in Figure 7 depending on the direction of
the external load forces on cylinder 13b and also depending
on the degree to which the ocperator has opened the main

control valve. If the external forces acting on the cylinder
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13b resist cylinder extenslon, then the circult 11b remains
in the power-down mode, regardless of the extent of opening
of the main control valve. If external forces on the
cylinder 13b arc negative, that 1s, load forces are tending
to extend the cylinder because of gravity or other causes,
then the circult shifts to the quick-drop node of operation
depicted in Figure 7 1f the two conditions previously
deseribed with respect to the first cmbodiment are present.,
Specifically, the main control valve 26b must be opened to a
sufficient extent to provide a flow rate through restriction
47bv that creates a pressure difference between pilot chambers
55b and 59b high enough to compress spring 62b. Voiding or
negative pressure must also be present in the head end of the
cylinder 13b so that'check valve 81 is held closed by a
pressure in pilot chamber 81 higher than that at inlet 82.

In the absence of one or both of the above-described
conditions, the quick-drop valve spool 3Ub remains in the
normal position at which pressurized fluid is transmitted to
the head end port 17b of the cylinder and discharge fluid
from the rod end port 1lib is transmitted to draln through
flow line 38b, valve port 37b, spool froove T8, valve port
Uib, rod end flow conduit 25b and the main control valve 206b.
If the flow rate through restriction 47b is kept below a
particular value the pressure differentlal between pllot
chambers 55b and 59b is not high enough to compress spring
£2b since such differential is a function of flow rate
through the restriction. Further, check valve 81 opens to
eliminate any pressure differential between the two pllot

chambers 55b and 59b as long as the pressure at the rod end

a
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port 1lih of the cylinder 1s less_ than that in the first
pilot signal line 57b which is the case until such time
as a negative pressure appears-at the head end port 17b. ;

Vith the main control valve 26b at the lower
setting the system shifts into the quick-drop mode depicted
in Fipure 7, as opposed to the power-down moede depicted in
Figure 6, if both of the previously described necessary
conditions are present. In particular, external load forces
must be causing cylinder 13b extension to overrun the.
supply of fluid being transmitted to the cylinder through
the main control valve so that high pressure at the rod end
port 1lib accompanied by voiding in the head end of the
cylinder closes pilot valve 81 and isolates the first and
second pilot chamberé 55b and 59b from each other. 1In
addition, the main control valve 26b must have been opened
into lover to a degrec which provlides a flow rate through
restriction 47b sufficient to cause the fluild preSsure acting
on spool 34b within pilot chamber 55b to exceed the opposing
fluid pressure acting within pilot chamber 55b by an amount
sufficient to compress the spring 62b and move the spool to
the Figure 7 position.

At the quick-drop position of Figure 7, spool land
73 completely blocks the discharge path from the rod end port
14b of the cylinder back to drain while diverting all discharge
flow from the rod end port to the head end port 17b of the
cylinder thereby enabling extremely fast cylinder extension
without loss of control or other adverse effects.

The circuit 1llb automatically reverts to the power-

down mode of operation when resistance to cylinder extension

»w
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increases or if the operator redices the flow rate through
restriction U47b by adjustment of the maln control valve 26b
since elther occurrence removeé one of the two conditions
required for the quilck-drop mode. Resistance to cylinder
extension causes a pressurc drop at the rod end port 1llib
accompanied by a pressure rise at hcad end port 17b which
allows pilot valve 81 to open and equalize the fluld pressures
in pilot chambers 55b and 59b. Spring 62 then restores
spool 34 to the power-down position. Restoration of spool 34
to the powerdeWn position also occurs if the flow rate
through restriction 47b 1s reduced sufficiently by manipulation
of the main control valve 26b since the fluid pressure
differential between_pilot chambers 55b and 59b, corresponding
to the pressure drop across the restriction, then becomes
insufficient to maintain the sprin562b in a state of compression.
Spring 62b then shifts spool 34b back to the power-down
position depicted in Figure €. In either instance, ecylinder
extension then cdntinues at a slower rate iIn the power-down
mode until terminated by operation of the main control valve
20b or by bottoﬁing out of the cylinder at the maximum limit
of extension.

Other aspects, objects and advantages of this
invention can be obtained from a study of the drawings, the

disclosure and the appended claims.
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WHAT IS CLAIMED IS:

1. A fluid motor control circuit (11, 1llb) for
powered multi-directional movement of a load member (16, 16b)
comprising:

a source (24, 24b) of fluid under pressure including
a fluid reservoir tank (23, 23b);

a fluid motor (13, 13b) conneccted to the load member
-and having fluid inlet and discharge ports (14, 1Ub, 17, 17b)
individually selectively connectable to said source and to
the tank; and

means (12, 12b) for blocking the flow of fluid from
the motor discharge port back to the tank and concurrently
fully returning all discharge fluid to the inlet port of.the

motor during gravitafionally induced overrunning of the motor.

2. In a fluid motor control circuit (11, 11b) having
an infinitely variable main contrel valve (26, 26b), a fluid
motor (13, 13b) having first (14, 14b) and second (17, 17b)
ports, first (29, 29b) and second (31, 31b) fluid pathways
connecting said motor and said valve, the improvement
comprising:

valve means (12, 12b) positioned in said fluid
pathways for selectively allowing fluid to be dirccted to
and from said motor and for blocking fluid from sald motor to
said valve and interconnecting said ports of sald motor; and

sensing means (47, 47b) in one of said fluid
pathways for sensing the fluid flow and positioning sald

valve means in response to said flow.
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3. A quick-drop valve'(lz, 12b) for a fluid motor
control circuit (11, 11b) comp?ising:

a fluid motor (13, 13b) having a first and second
fluid port;

a first (29, 29b) and second (31, 31b) fluid
pathway connected to said first and second fluid ports,
respectively;

a housing (32, 32b) having a bore (33, 33b), first
(37, 37Th), second (41, 41b), and third (44, 4U4b) spaced-apart
ports;

valve spool means (34, 34b) for controllably
interconnecting said ports and being positioned in said bore;

biasing means (62, 62b) for biasing said spool
means to a positlion for interconnecting said first and third
ports and blocking said second port; and

sensing means (47, U7b) for sensing the fluid flow
in said second fluid pathway and automatically positioning
sald valve means to interconnect said first and second ports
and block said third port in response to saild fluld flow in

sald second pathway.

4., Quick-drop valve means (12, 12b) for a fluid
motor control circuit (11, 11b) wherein the motor (13, 13b)
has first (l4a, 1lb) and sccond (17a, 17b) motor ports and
wherein the circuit includes a main control valve (26, 26b)
for selectively directing pressurized fluid to said first
motor port through a first flow path while discharging fluid
from =aid second motor port through a second flow path to
move a load (16, 16b) in one direction and which 1is shiftable

to direct said fluid into said second flow path while



0010699

-3\-
discharging fluld from saild first flow path to move saild
load 1In an opposite directlon, comprising:

a housing (32, 32b) forminm a valve chamber (33,
33b) with first (37, 37b), second (41, 41b) and third (44,
itb) spaced-apart valve ports having means for communication
with said first motor port, said second motor port and said
first flow path respectively,

a valve member (34, 3Ub) in sald valve chamber
movable to a normal position at which said fifst and third
valve ports are intercommunicated while being blocked from
saild sccond valve port, and alsq being movable to a quick-
drop position at which said first and second valve ports are
intercommunicated wh;le said third valve port is completely
blocked from both thereof to cause all discharpge fluid from
sald first motor port to be returned to sald second motor
port at said quick-drop position of sald valve member,

means defining a flow restriction (47, 47b) in
sald second flow path hetween first (58, 58b) and second
(60, Fliv) spaced-apart repgions thereof, said first region
beine between said flow restriction and said main control
valve and sald second region belnr hetween sald flow
restriction and said second motor port, and

pilot means (54, 54b, 56, 5Ab) for using fluid
pressure from said first region to produce a force tending
to cause movement of said valve member towards sald quick-
drop position thereof and for using fluid pressure from said
second region to produce a counterforce tending to cause
riovement of said valve member towards said normal posltion

thereof.
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5. Quick-drop valve méans (12, 12b) as defined

in claim NI further comprisling means (62, €?b) for maintaining
sald valve member (34, 3iUb) at-said normal position thereof
untill sald pressure at sald first region (582, SFb) exceeds
sald pressure at §aid second region (64, €ib) by a

predetermined amount.

f. OQulck-drop valve means (12) as defined in
claim ! wherein said pilot means includes first pilot means
(s1t) for forming a first pilot chamber (55) wherein said
pressure from saild first region (58) acts to urge said
valve member (3U) towards said quick-drop position, and
second pilot means (56) for forming, a second pilot chamber
(59) wherein saild pressure from said second region (f4) acts
to urgre saild valve member towards sald normal posifion, sald
second pllot chamber having a greater dlameter than said first

pilot chamber.

7. Quick-drop valve means (12) as defined in claim
A wherein said valve member (34) is a spool movable axially
in said housing (32) between said normal position and saild
quick-drop position and wherein said first pilot chamber (55)
is at one end of said spool and said second pilot chamber
(59) of larger diameter is at the other end thereof, further
comprising a movable pilét piston (A1) of said larger
diameter disposed in said second pilot chamber and belng,
positioned therein to urge said spool towards said normal
position thereof in response to said fluid pressure from saild

second region.
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2. Quick-drop valve méans (12) as defined in claim
7 further comprising a compressible spring means (£2)
disposed bhetween said pilot pjéton (1) and sald other engd
of satd spool (3NM) for biasinr saild spool towards said normal -
posltion thereof and for transmitting sald force from said

pilot piston to sald spool.,

2, Quick-drop valve mcans (12b) as defined in
claim I wherein said pilot means has first pilot means (5ih)
For forming a first pilot chamter (55b) wherein sald pressure
from said first region (58b) acts to urge said valve member
(34) towards saild auilck-drop nosition and second pilot
means (50b) for Torminf a second pilot chamber (59h) whercin
sald pressure from said sccond region (AUh) acts to urpe
said valve member towards saild normal position, further
comnrising:

pressure-responsive valve means (80) for
intercommunicoting fald first and second pilot chamhers vhen
the rressure at sald first repion cxceeds the pressure at

naid first valve port (37v).

19, Ouick-drop valve means (12b) as defined in
claim © whercin said pressura-resnonsive valve means (°90)
comprises a piloted check valve (21) having an inlet (82)
cormunicated vith said first pilot chamber (55h) and an
outlet (3M) communicated with said second pilot chamber (59b)
and havine a pileot pert (085) communicated with sald cecond
valve rert (H1h) and havine o valve nloment () movable to
cormunioate antd Inlet, with aald outlet when the preasure at

axtd inlet oreceds Lhe peeccupre af, anid pilet port.

- ‘ﬂvﬁﬂuwmﬁ?“'ﬁ;k ;
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11. Ouick-drop valve means (12b) as defined in
claim & vherein said valve member (3v) 1s a spool movable
axially in said housing (37b) between said normal position
and said ouleck-drop position, and wherein said first (55b)
and second (59b) pilot chambers are at opposite ends of
said svool and of cqual diametcr, further comprisine spring
neans (2h) for urcing said speol towards sald normal

position thereof.

12. In a fluid motor control ecircuit (11, 11b)
having an infinitely variable main control valve (2F, 2(b)
for selectively directing pressurized fluid to a first motor
port (14, LUb) through a first flow path while discharging
fluid from a second motor port (17a, 17h) through a second
flow path and which is shiftable to direct fluid to said
sccond motor port through said second flow path while
discharping fluid from said first motor port through said
first flow path, aulcVv-drop valve means (12, 12b) conmprising:

a housing (32, 32%) having a valve chamber bore
(33, 32b) and havinr a first valve port (37, 37b) communicated
with cald first motor port and having a second valve port
(h1, "b) communicated with said second motor port and
havingr a third valve port (44, NlUn) communicated with said
first flow path,

a valve spool (34, 3b) disposed in said bore for
axial movement therein between a normal position and a oulck-
drop vosition, said valve speol having lands (48, 40, 51, 71,
7oL 7. thY and rrooves (52, 53, 77, 73) for intercommmnicating

sotd firct and third valve vorts while hlocking nald second

BAD ORIGINAL 0 ‘7
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valve port therefrom at saild normal position and for
intercommunicating said first and second ports while
Plocking said third pert therefrom at said auick-drop
position,

flow restriction means (U7, I7b) situated in
sald sccond flow path for develoring a pressure differential
in resyonse to fluid flow therethrough,

first pilot means (54, Blh) for communicating one
end of said borec with a first recion (523, R%b) of said second
flow path between said flow restriction means and said main
control valve to cause fluid pressure from said first rerion
to urre said spool towards sald quick-drop position thereof,

second pilot means (54, 5Cb) for communicating the
other end of said bofe with a second region (64, AlL) of said
second flow path between said flow restriction means and
said second motor port to cause fluld pressure from said
second reprlon to urege sald spool towards sald normal positlon
thereof, and

resilient means (62, A2b) for biasing said spool

towards said normal position thereof.

13. The combination of clalim 12 wherein said
second pilot means (5F) comprises means forming a pilot
chamber (52) at sa2id other end of sald bore (33), said pilot
chamber being of preater diameter than said one end of said
bore, and a pllot piston (61) disposed in said pilot chamber
and ponitioned to be urpged towards snid spool (34) by saild
fluld pressure from said second resion (4ll) of said second

flow yatly.

BAD ORIGINAL iﬁ"
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1, The comhination of claim 12 further comprising
a plloted chect valve (31) having an inlet (92) communlcated
with said one end of said bore-(33b) and an outlet (8h)
cormmunicnted with said other end of naid bore and having a
nilot port (2°) communicated with said first motor port (1ib) -
to heold said check valve closed vhen pressure at said first

motor rort erceeds the nressure at said inlet.

It

»
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