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3,234,957 
ADTUSTABLE, METERED DIRECTIONAL FLOW 

QONTROL ARRANGEMENT 
.l’ohn D. Allen, South Euclid, Ohio, assignor to Fawiclr 

(Iorporation, a corporation of Michigan 
Filed Apr. 22, 1963, gar. No. 274,462 

17 Claims. (Cl. 137-417) 

This invention relates to an arrangement for adjustably 
establishing a reduced flow of pressure ?uid in a selected 
direction to and from a ?uid-operated device. 

Various directional ?ow control arrangements, such 
as spool valves, have been provided heretofore for con 
trolling the ?ow of hydraulic ?uid to and from a ?uid 
operated actuator, such as a piston and cylinder. Such 
prior arrangements have been satisfactory where the valve 
was fully actuated to each of its operating positions to 
open fully its passages, so as to provide full speed opera 
tion of the ?uid-operated actuator. However, such ar 
rangements have not been entirely satisfactory where it 
Was desired to provide a reduced, or metered, ?ow of 
?uid to and from the ?uid-operated actuator to operate 
the actuator at reduced speed. For example, with con 
ventional spool valves, if the valve spool is positioned to 
provide partial flow conditions a very slight movement 
of the valve spool will produce a comparatively large 
change in the ?ow rate. To overcome this difliculty, it 
has been proposed to provide metering grooves or notches 
in the valve spool to enable more effective control over 
the flow rate for a given amount of movement of the 
valve spool. However, such expedients have not been 
entirely satisfactory because the ?ow rate through such 
grooves or notches varies with the pressure of the ?uid, 
so that a given setting of the valve spool does not neces 
sarily produce a given ?ow rate. 
The present invention relates to a novel ?ow control 

arrangement which completely overcomes these dif 
ficulties and enables the selective metered control simul 
taneously of the ?ows of ?uid both to and from a ?uid 
operatetl actuator. 

Accordingly, it is an object of this invention, to provide 
a novel and improved unitary ?uid control arrangement 
which enables the user to selectively establish reduced 
?uid flows simultaneously both to and from a ?uid-oper 
ated actuator which are not dependent upon the pres 
sure of the ?uid supply or the load on the actuator. 

It is also an object of this invention to provide such an~ 
arrangement which enables the user to have a uni?ed 
and accurate control over the ?ow rates both to and 
from the actuator, so as to provide the desired reduced 
speed of operation of the ?uid-operated actuator. 
Another object of this invention is to provide such an 

arrangement which enables the user to have complete 
control at all times over the movement of the load on 
the ?uid-operated actuator, there being no danger that 
the load may “run away” from the actuator or move in 
the opposite direction from what is intended. 

Another object of this invention is to provide such an 
arrangement which is relatively inexpensive and simple 
and foolproof in operation. 

Further objects and advantages of this invention will 
be apparent from the following detailed description of 
certain presently-preferred embodiments thereof, which 
are illustrated schematically in the accompanying draw 
mgs. 
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In the drawings: 
FIGURE 1 is a schematic view, partly in section, show 

ing one embodiment of the present ?uid control arrange 
ment; 
FIGURE 2 is a similar view of an alternative embodi-' 

ment in which the portion of the control which the user 
may adjust manually is physically remote from the other 
components of the ?uid system; and 
FIGURE 3 is a similar view of a third embodiment 

of the present ?uid control arrangement. 

FIGURE 1 

Referring ?rst to FIGURE 1, the particular embodi 
ment of ‘the present ?ow control arrangement which is 
shown therein comprises, in broad outline, the following 

- components: 

( l) a directional spool valve 10 of conventional design; 
(2) a metering ori?ce 11 and a pilot valve 12, operated 
manually (or otherwise) by the user of the system 
to selectively set the metered ?ow of pressure ?uid 
to the spool valve and also to supply the pilot pres 
sure for operating the spool valve in one direction 
or the other; and 

(3) a pressure-compensating device 14 which main 
tains the ?ow rate of ?uid through the metering 
orifice 11 independent of the supply ?uid pressure 
or the load on the ?uid pressure-operated actuator 
which this ?ow control arrangement operates. 

The remainder of the system is shown schematically. 
It includes a pump 15 for pumping suitable hydraulic 
?uid, such as oil or water, from a sump 16 through an 
inlet line 17 to an inlet opening 18 just ahead of the meter 
ing ori?ce 11. The ?uid-operated actuator in the system 
is shown as a piston 19 operating in a cylinder 20. One 
end of the cylinder is connected through a line 21 to an 
outlet passage 22 of the spool valve 10. The opposite 
end of the cylinder is similarly connected through an 
other line 23 to a second outlet passage 24 of the spool 
valve 10. The load (not shown) on the actuator is 
coupled to the shaft of piston 19 to be operated thereby. 
The spool valve 10 comprises a valve spool having 

three axially spaced, cylindrical lands 25, 26 and 27 in 
tegrally interconnected by rigid stem portions 28 and 29, 
respectively. The lands on the valve spool are slidably, 
but sealingly, received in a cylindrical bore 30 formed 
in the housing 31. This bore presents a cylindrical land 
surface 32 disposed between an inlet passage 33 and the 
outlet passage 22, which leads to the left end of cylin 
der 2%. Similarly, the bore 30 presents a cylindrical land 
surface 34 disposed between the inlet passage 33 and the 
other outlet passage 24, which leads to the right end of 
cylinder 20. The bore 30 also presents a cylindrical land 
surface 35 whichis disposed between passage 22 and an 
annular recess 36 connected to a return passage 37 which 
leads through a return line 38 back to the sump 16. Also 
the bore 30 presents a cylindrical land surface 39 which 
is disposed between passage 24 and a passage 40 con— 
nected to the same return passage 37. 

In the neutral position of the valve spool, as shown 
in FIGURE 1, its central land 26 sealingly engages both 
land surfaces 32 and 34, its left land 25 sealingly engages 
the land surface 35, and its right land 27 sealingly engages 
the land surface 39. Accordingly, in this position of the 
valve spool there is no ?ow of ?uid from the inlet passage 
33 to either outlet passage 22 or 24, no ?ow of ?uid from 
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passage 22 to the return passage 37, and no ?ow of ?uid 
from passage 24 to the return passage 37. 
When the valve spool is shifted to the left in FIG. 1, 

its central land 26 disengages from the land surface 34 
and its left land 25 disengages from the land surface 35, 
while its central land 26 continues to sealingly engage the 
land surface 32 and its right land 27 continues to sealing 
ly engage the land surface 39. Accordingly, ?uid can 
?ow from the inlet passage 33 past the land surface 34 
to the outlet passage 24, and return ?ow of fluid takes 
place from ‘the other outlet passage 22 past land surface 
35 to the return passage 37. 
When the valve spool is shifted to the right in FIG. 1, 

its central land 26 disengages from the land surface 32 
and its right land 27 disengages from the land surface 39, 
while its central land 26 sealingly engages the land sur 
face 34 and its left land 25 sealingly engages the land 
surface 35. Therefore, ?uid from the inlet passage 33 
?ows past the land surface 32 to the outlet passage 22, 
and return ?ow of ?uid takes place via the other outlet 
passage 24 past land surface 39 to the return passage 37. 
At its left end, the bore 30 which receives the valve 

spool communicates with a chamber or recess 41. An 
apertured plate 42 in this chamber is biased by a com 
pression spring 43 against an annular shoulder 44 located 
at the juncture between the bore 30 and this chamber 41. 
This plate has a central axial passage 45. A ?rst pilot 
passage 46 extends from the pilot valve 12 to this cham 
ber 41. 

Similarly, a chamber 47 at the opposite end of the 
bore 30 receives a plate 48 having a central passage 49. 
A spring 50 biases this plate against an annular shoulder 
51 located at the juncture between bore 30 and chamber 
47. A second pilot passage 52 extends from the pilot valve 
12 to this chamber 47. 

In the neutral position of the valve spool, as shown 
in FIG. 1, its opposite ends abut against the oppositely 
spring-biased plates 42 and 48. 
The valve spool may be shifted to the left by operating 

the pilot valve 12 to supply pilot pressure ?uid via pas 
sage 52 to chamber 47 and from there through the pas 
sage 49 in plate 48 against the right end of the valve 
spool. At this time, the pilot valve 12 also connects the 
other pilot passage 46 to a passage 53 connected to the 
return passage 37. The bias spring 43 yields to permit 
the valve spool to move to the left. 
The valve spool may be shifted to the right by op 

erating the pilot valve 12 to supply pressure ?uid via 
passage 46 to chamber 41 and ‘from there through the 
passage 45 in plate 42 against the left end of the valve 
spool. At this time, the pilot valve 12 also connects the 
other pilot passage 52 to the return passages 53, 37. 
bias spring 50 yields to permit movement of the valve 
spool to the right. 
The pilot valve .12 may be a conventional plug valve. 

In its closed position, as shown in FIGURE 1, it blocks 
the ?ow of ?uid from its inlet passage 54 to either pilot 
passage 46 or 52 or to the return passage 53. When 
turned clockwise in FIGURE 1 from its closed position, 
it connects its inlet passage 54 to the pilot passage 52 
and it connects pilot passage 46 to the return passage 53. 
When turned counter-clockwise in FIGURE 1 from its 
closed position, it connects its inlet passage 54 to the pilot 
passage 46 and it connects pilot passage 52 to the return 
passage 53. 

Preferably, the pilot valve 12 is connected integrally 
to the rotatable metering oni?ce 11, so that they turn to 
gether in unison. Desirably, both the pilot valve 12 and 
the metering ori?ce 11 maybe incorporated in a single 
plug valve which may be operated manually by a suitable 
handle or the like. 
The metering ori?ce 11 is constituted by a rotatable 

plug 55 having a metering passage 56. This plug may 
be turned either clockwise or counter-clockwise from its 
closed position (FIG. 1) to connect the inlet passage 
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18 to a passage 57. The extent to which the plug 55 is 
turned determines the size of the ?ow restriction which 
it presents to the inlet passage 18. 
The outlet passage 57 from the metering ori?ce 11 leads 

to a passage 58 inside a cylindrical land surface 59. 
Passage 58 leads to the inlet passage 33 to the spool valve 
10. The inlet passage 54 to the pilot valve 12 is con 
nected to passage 33. 

In accordance with the present invention, the rate of 
?uid ?ow .to the ?uid-operated actuator is maintained at 
a value determined by the setting of the metering ori?ce 
and independent of the load on the actuator or the pres 
sure of the pump ?uid. 

Refer-ring to FIGURE 1, the pressure-compensating de 
vice 114 for this purpose comprises a slidable piston 60 
having three axially spaced, cylindrical lands 6'1, 62 and 
63. The piston land 61 sealingly engages a cylindrical 
internal land surface 64 in the housing 31 disposed be 
tween the passage 57 and a chamber or recess 65. The 
middle piston land 62 sealingly engages a cylindrical 
internal land surface 66 on the housing 31 which is 
disposed between the inlet passage 33 to the spool valve 
and a chamber 67 connected to the return passages 40, 
37. The piston land 63 sealingly engages a cylindrical 
internal land surface 68 in the housing 31 disposed be 
tween the inlet passage 18 and chamber 67 leading to the 
return line. 

Between its lands 61 and 62 the piston 60 is formed 
with a circumferential groove 69 of appreciable axial ex 
tent. A restricted passage or ori?ce 70 extends radially 
from this groove 69 to an axial recess 71 formed in the 
left end of the piston and communicating with chamber 
65. A compression spring 72 in this chamber and the 
piston recess biases the piston 60 to the right. At its op 
posite end, the piston carries a stop 73 which is positioned 
to abut against the opposite wall of inlet passage 18 to 
limit the extent to which the piston is biased to the right 
by spring 72. 

Immediately to the left of this stop 73, the piston is 
formed with an internal chamber 74. Radial openings 
75 connect this chamber 74 to the return chamber 67 in 
housing 31. The piston has an axial passageway extend 
ing between the recess 7'1 at its left end and its internal 
chamber 74. This passageway is constituted by an axial 
chamber 76, a port 77 at the left end of this chamber 
connecting it to recess 71, and a passage 78 ‘formed in a 
plug 79 screw-threadedly mounted in the piston 60 be 
tween the right end of passage 76 and chamber 74. A 
poppet 89, which operates as a relief pilot valve, normally 
closes the port 77 leading into chamber 76. The poppet 
is biased to its closed position by a coil spring 81, which 
is engaged under compression between the poppet and the 
inner end of plug 79. The adjustment of plug 79, which 
determines the compression of spring 81, controls the 
?uid pressure at which the poppet 80 will unseat. Nor 
mally, this will be a relatively high pressure. 

In the operation of this pressure-compensating device, 
the right end of the piston 60 is exposed to the pump 
pressure at inlet passage 18. With the metering ori?ce 
11 partially open, there will be a ?uid, pressure drop 
across this ori?ce. The ?uid pressure at the discharge 
side of the metering ori?ce is applied, through passages 
57 and 58, piston ori?ce 70 and piston recess 71, against 
the left end of the piston. 

Piston 60 functions as in a flow divider to maintain 
constant the ?uid pressure drop across the metering ori?ce 
11, for whatever setting the metering ori?ce has been ad 
justed. By holding the ?uid pressure drop constant, the 
piston will thereby hold constant the ?ow rate through 
the metering ori?ce. 

This regulating function of piston 60 takes place as 
follows: 

With the piston’s opposite ends exposed to the respec 
tive ?uid pressures on opposite sides of the metering 
ori?ce 11, the difference between these ?uid pressures 
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determines the axial position of the piston. This pres 
sure differential acts against the biasing force exerted by 
spring 72. 
For a given setting of the ori?ce size, an increase in 

?uid ?ow through the ori?ce causes a greater ?uid pres 
sure differential acting on piston 60. The greater this 
pressure differential, the greater will be the displacement 
of piston 60 to the left in FIG. 1. The piston land 63‘ 
will disengage from the land surface 68, permitting some 
of the incoming ?uid at inlet passage 18 to ?ow into cham 
ber 67 and thence through passages 40 and- 37 to the re 
turn line 33, bypassing the metering ori?ce 1.1. At the 
same time, the displacement of piston 60 to the left will 
move its land 62 toward passage 58 to partially restrict 
the outlet ?ow from the metering ori?ce 11 to the spool 
valve 10. The net effect is that the flow rate through the 
metering ori?ce 11 will be maintained substantially con 
stant at a value determined by the position to which the 
metering ori?ce has been set, and any changes in the ?uid 
pressure at either side of the metering ori?ce will not 
substantially change this ?ow rate. Such pressure 
changes might be caused by changes in the pump ?uid 
pressure at inlet side of the metering ori?ce 111 or by 
changes in the load on the ?uid-operated actuator which 
would change the ?uid pressure at the outlet side of the 
metering ori?ce 11. 

Under normal operating conditions, the spring-pressed 
poppet 80 in piston 60 will remain closed. However, 
in the event ‘of excessive ?uid pressure at the port of the 
actuator cylinder 20 to which passage 33 is connected 
through the spool valve, the ?uid pressure at passage 33 
will unseat the poppet 80. A very small ?ow past the 
poppet valve 80 will produce a pressure drop across the 
piston ori?ce 74?, so that the ?uid pressure acting against‘ 
the left end of piston 60 will be substantially less than 
the pump ?uid pressure acting against the right end of 
this piston. This pressure unbalance on piston 60 causes 
it to move to the left, connecting the inlet passage 18 
directly to the return passages to thereby relieve he pres 
sure. I 

This piston ori?ce 70 also acts as a damper to prevent 
rapid ?uctuations of piston 60. 

Operation 
To summarize the overall operation of the FIGURE 1 

arrangement, the operator will manually (or otherwise) 
turn the metering ori?ce 11 and the pilot valve 12 in uni 
son to establish the desired reduced ?ow rate and the de 
sired reduced ?ow rate and the desired direction of ?ow. 
The ?ow rate through the metering ori?ce 11 is auto 
matically regulated by the pressure compensating device 
14, so that it will not ‘change substantially even if pressure 
changes occur. Depending upon which direction the pilot 
valve 12 is turned, it will supply pilot ?uid pressure 
against one end or the other of the valve spool to es 
tablish the corresponding ?ow direction through the spool 
valve 10. 

FIGURE 2 

The embodiment of FIGURE 2 is essentially the same 
as the embodiment of FIGURE 1, except that the oper 
ator-controlled components (namely, the metering on’ 
?ce and the pilot valve) are physically distant from the 
pressure compensating device and the spool valve. Cor 
responding elements are given the same reference nu 
merals as in FIGURE 1, with a “prime” subscript added. 
The embodiment of FIGURE 2 enables the control 

components (metering ori?ce 11’ and pilot valve 12’) to 
be located close to the operator and the spool valve 10' 
close to the actuator 19’, 215’ which it operates. The 
relatively large lines 17’, 21', 23' and 38’, which are re 
quired for main system ?ow, need not be run to the op— 
erator’s control position. Relatively small lines 18a, 
57a, 54a, 52a, 53a and 46a may be provided connecting 
the control unit to the main system unit. This reduces 
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6 
the power losses and heating and generally simpli?es the 
construction of the system. 
The operation of the FIGURE 2 arrangement is essen 

tially the same as already described in detail for FIG 
URE 1. 

FIGURE 3 

In the embodiment of FIGURE 3, the functions of 
the metering ori?ce and the pilot valve are combined in 
a single plug valve 111 which is threadedly mounted in 
the housing 131. This plug Valve has a circumferential 
groove 156 in its periphery between cylindrical lands 
200 and 201. In the closed position of this valve, these 
lands sealingly engage complementary housing land sur 
faces 202, 203 which are located respectively between the 
inlet passage 118 and left-hand and right-hand outlet 
passages 57c and 57d. When the plug valve 111 is ad 
vanced to the left, its peripheral groove 156 provides re 
stricted ?uid communication between passages 118 and 
570, while the other outlet passage 57d remains blocked 
from ?uid communication with the inlet passage 118. 
Conversely, when the plug valve is moved to the right, its 
peripheral groove 156 provides restricted ?uid communi 
cation between passages 118 and 57d, while the other 
outlet passage 570 is blocked from ?uid communication 
with the inlet passage 118. The peripheral groove 156 
constitutes the variable restriction ori?ce for providing 
metered ?ow in one direction or the other. 

Associated with the directional metering ori?ce 111 
are a left-hand pressure compensating device 140 and a 
right-hand pressure compensating device 14d. Each of 
these pressure compensating devices is constructed and 
arranged substantially identical to the pressure compen 
sating device 14 in FIG. 1, and hence a detailed descrip 
tion of them is unnecessary. Corresponding elements of 
these devices are given the same reference numerals as in 
FIG. 1, with a subscript “c” or “d” added. 
The chamber 67d at the left end of the right-hand pres 

sure compensating piston 60d is connected directly to the 
inlet passage 118, so that when ?uid ?ow through the 
metering ori?ce 111 is to the right this piston will regu 
late such metered ?ow. 
When ?uid flow through the metering ori?ce 111 is to 

the left, piston 60d will move to the right, connect 
ing chamber 67d to the corresponding chamber 670 at the 
right end of piston 60c. Accordingly, piston 600 will 
respond to the pressure drop across the metering ori?ce 
to maintain substantially constant the rate at which ?uid 
flows through the metering ori?ce. 
The outlet passage 330 from the left-hand pressure 

compensating device 140 leads to a check valve 204, which 
is spring-biased to its closed position by a compression 
spring ‘205. An outlet passage 206 from this check valve 
leads to the passage 122 which is connected through line 
121 to the left end of the ?uid-operated actuator 119, 
121}. 
A normally closed poppet valve 207 is disposed be 

tween passage 122 and the return passage 137. This 
poppet valve is biased closed by a compression spring 208. 
For unseating this poppet valve there is provided a pis 

ton 209 slidable in a chamber 210. The return passage 
137 communicates with this chamber at one side of pis 
ton 209. A passage 211, which is connected to the out 
let passage 33d from the right-hand pres-sure compensat 
ing device 14d, communicates with chamber 210 at the 
‘opposite side of piston 209. 
A check valve 214, which is biased closed by a com 

pression spring 215, is connected between the outlet pas 
sage 33d from the right-hand pressure compensating de 
vice 14d and a passage 216 leading, via passage 124, to 
the right end of the actuator 119, 121). 
A normally closed poppet valve 217 is disposed be 

tween passage 124 and a passage 222 connected to the 
return passage 137. A compression spring 218 biases 
this poppet valve closed. 
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For unseating the poppet valve 217 there is provided a 
piston 219 slidable in a chamber 220. The return pas 
sage 222 communicates with this chamber at one side 
of piston 219. A passage 221, which is connected to the 
outlet passage 33c from the left-hand pressure compensat 
ing device 14c ahead of check valve 204, communicates 
with chamber 229 at the opposite side of piston 219. 
The check valves 204, 214, poppet valves 207, 217, 

pistons 299, 219, and associated passages together con 
stitute a directional valve means for controlling the ?uid 
?ow to and from the actuator 119, 120. This directional 
valve means is under the control of the combined meter 
ing ori?ce and pilot valve 111 in essentially the same 
manner as the directional spool valve in the preceding 
embodiments, 

Operation 
In the operation of this arrangement, when the meter 

ing ori?ce 111 is shifted to the left, ?uid ?ows from the 
inlet passage 118 to passage 33c and thence past the check 
valve 204 to the line 121 leading to the left end of the 
actuator 119, 120. . 
The actuator piston 119 in the actuator cannot move 

until a return path is provided for ?uid from the right end 
of cylinder 120. The back pressure at passage 330 is 
applied, via passage 221, against the left end of piston 
219 which moves to the right and unseats the poppet valve 
217 to provide this return path. This return path is 
through line 123, passage 124, past the now-open poppet 
valve 217, return passages 222 and 137, and return line 
138 to the sump 116. 
The reverse action takes place when the metering ori 

?ce is adjusted to establish metered ?uid ?ow to the right. 
In each of the foregoing embodiments of the present 

invention the user of the present ?ow control arrangement 
is able, by adjusting a single control handle, to accurately 
set the ?ow rates both to and from the ?uid-operated 
actuator as well as the ?ow direction. 

Since the metering or?ce is pressure compensated, as 
described, the rate of input ?uid ?ow to the ?uid-operated 
actuator does not change with changes in the input pres 
sure or changes in the pressure required to operate the 
actuator. Therefore, changes in the pump ?uid pressure 
or in the load on the actuator will not change this input 
?ow rate to the actuator which the user established by a 
given setting of the metering ori?ce. Accordingly, the 
speed of operation of the actuator will always be the same 
for a given setting of the metering ori?ce. Also, very 
smooth modulation of the ?uid flow, proportional to the 
adjustment of the metering ori?ce, is obtained. 
The return ?ow from the ?uid-operated actuator also 

is controlled by the setting of the metering ori?ce in the 
present invention. Normally, this return ?ow will be the 
same as the regulated input ?ow to the actuator. In the 
present invention the return ?ow rate is positively con 
trolled by restricting the return ?ow path at any time 
when at least some positive pressure does not exist at the 
inlet to the actuator. That is to say, the load on the actu 
ator cannot run away from the operator’s control. In 
certain equipment, such as boom type cranes, when the 
load is being lowered it may develop a substantial pres 
sure which tends to cause return ?ow out of the actuator 
cylinder much faster than ?uid is supplied by the pump, 
producing a partial vacuum in the actuator cylinder and 
causing the load to fall freely. With the present control 
arrangement, this is prevented. In the embodiments of 
FIGS, 1 and 2, if the ?uid pressure at the inlet port of 
the actuator cylinder drops, the pilot ?uid pressure which 
is holding the spool valve open will also drop, permitting 
the valve spool to move back toward its closed position, 
thereby restricting or completely stopping the return ?ow 
from the actuator cylinder and preventing the load from 
running away. In the embodiment of FIG. 3, if there 
is a pressure drop at the inlet port of the actuator cylin 
der there is also a reduction in the ?uid pressure on the 
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piston which is holding open the poppet valve in the re 
turn line from the actuator cylinder, so that this poppet 
valve tends to close and thereby prevents the load from 
running away. Thus, in each embodiment, the directional 
valve means regulates the return ?ow from the ?uid-op 
erated actuator in accordance with the input ?ow to the 
actuator, which is determined by the setting of the meter 
ing ori?ce. 
The present control arrangement is particularly ad 

vantageous where the directional valve means is a con 
ventional open-center spool valve. With such valves it 
is very dif?cult to insure that the open-center passage is 
restricted to build up pump pressure just as the cylinder 
port is opened to the pump. If the valve spool is partially 
moved to lift the load slowly and the cylinder “up” port 
opens to the pump port before the open-center passage 
restricts the pump ?ow to the return line, the load may 
actually drop, even through the valve is being moved to 
the “lift” position. This condition is completely avoided 
in the present invention without the need for load check 
valves to prevent it. 

While certain presently-preferred embodiments of this 
invention have been described in detail and illustrated 
schematically in the accompanying drawing, it is to be 
understood that various modi?cations, omissions and re 
?nements which depart from the disclosed embodiments 
may be adopted without departing from the spirit and 
scope of this invention. For example, the closed-center 
spool valve of FIGS. 1 and 2, which blocks the pump from 
the ?uid-operated actuator when the valve spool is in its 
neutral position, may be replaced by an open-center spool 
valve, in which the pump ?uid is bypassed when the valve 
spool is in its neutral position, or by a ?oat-type spool 
valve, in which the cylinder ports, the pump port and the 
return port are-interconnected when the valve spool is in 
its neutral position. Also, the unitary control element, 
which provides the metering ori?ce and the pilot valve in 
each embodiment, may be an axially shiftable spool valve 
instead of a rotatable plug valve, as described. 

I claim: 
1. A directional flow control arrangement for selective 

ly operating a ?uid-operated actuator means at a con 
trolled speed comprising: 

directional valve means having passages for connection 
to said actuator means to selectively pass ?uid to and 
from said actuator means; 

adjustable means having connections to said directional 
valve means for selectively establishing a reduced 
?ow of input ?uid to said directional valve means and 
for selectively operating said directional valve means 
to establish the direction of ?uid ?ows therethrough; 

and means operatively associated with said adjustable 
means to regulate the ?ow of input ?uid to said di 
rectional valve means. 

2. A directional ?ow control arrangement for ad 
justably operating a ?uid-operated actuator means at a 
controlled speed comprising: 

?uid pressure-operated directional valve means having 
passages for connection to said actuator means and 
operable to selectively pass input pressure ?uid to 
said actuator means and to pass return ?uid from said 
actuator means; 

adjustable means in ?uid communication with said di 
rectional valve means at the latter’s inlet side and 
operative to selectively meter the ?ow of input ?uid 
to said directional valve means and to apply ?uid 
pressure against said directional valve means to oper 
ate the latter to establish the direction of input and 
return ?uid ?ows therethrough; 

and pressure compensating means operatively associ 
ated with said adjustable means to regulate the me 
tered ?ow of input ?uid therethrough to said direc 
tional‘ valve means. 
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3. The arrangement of claim 2 wherein said adjustable 
means includes a metering ori?ce, and wherein there are 
provided means de?ning an inlet passage leading to said 
metering orifice and means de?ning an outlet passage lead 
ing from said metering ori?ce to said directional valve 
means, and wherein said pressure compensating means 
comprises a reciprocable piston in said outlet passage, 
said piston being exposed to the ?uid pressure at said in 
let passage to be urged thereby in one direction to restrict 
the ?uid ?ow through said outlet passage, said piston hav 
ing a restricted passage therein which is open at one end 
to said outlet passage, means de?ning a ?uid pressure 
chamber at the opposite end of said restricted passage for 
applying ?uid pressure against the piston which urges the 
piston in the opposite direction against the force exerted 
by the ?uid pressure at said inlet passage, and a normally 
closed relief valve in said piston exposed to the ?uid 
pressure in said chamber and operable to open when the 
?uid pressure thereat exceeds a predetermined value to 
thereby establish a pressure drop across said restricted 
passage which pressure unbalances the piston for move 
ment in said one direction by the ?uid pressure at said 
inlet passage. 

4. A directional ?ow control arrangement for selective 
ly operating a ?uid-operated actuator means at a con 
trolled speed comprising: 

directional valve means having passages for connection 
to said actuator means to pass pressure ?uid to and 
from said actuator means, said directional valve 
means being operable by ?uid pressure in‘ one direc 
tion to pass input ?uid to said actuator means and to 
pass return ?uid from said actuator means, said di 
rectional valve means being operable by ?uid pres 
sure in another direction to reverse the directions 
of ?uid ?ow therethrough to and from said actuator 
means; ' 

operator-controlled adjustable means in ?uid communi 
cation with said directional valve means ‘ahead of the 
latter for selectively establishing a reduced ?ow of 
input ?uid to said directional valve means and for 
selectively operating said directional valve means to 
establish the direction of ?uid ?ows therethrough to 
and from said actuator means; 

and pressure compensating means for regulating said 
reduced ?ow of input ?uid independent of the pres 
sure of the input ?uid. ' 

5. In combination with directional valve means having 
a ?rst position for establishing input and return ?ows 
of’ ?uid therethrough and a second position for reversing 
the input and return ?ows of ?uid ‘therethrough, 

operator-controlled adjustable means in ?uid communi 
cation With said directional valve means for selec 
tively establishing a reduced ?ow of input ?uid to 
said directional valve means and selectively operating 
said directional valve means to establish the direction 
of input and return ?ows therethrough; ' 

and pressure compensating means operatively associated 
with said adjustable means to regulate the ?ow of 
input ?uid therethrough independent of the pressure 
of the input ?uid thereto. 

6. The combination of claim 5, wherein said pressure 
compensating means includes means operable in response 
to excessive pressure of the input ?uid to said directional 
valve means to reduce said pressure. 

7. The combination of claim 5, wherein said pressure 
compensating means includes means operable to main 
tain a substantially ?xed pressure differential across 
said operatorecontrolled means. 

8. In combination, 
a directional valve operable by pilot ?uid pressure 

in one direction to a ?rst position establishing a 
predetermined ?uid ?ow therethrough and operable 
by pilot ?uid pressure in the opposite direction to 

10 
a second position establishing a different ?uid ?ow 
therethrough, 

an operator controlled adjustable pilot valve for selec 
tively controlling the application of ?uid pressure 

5 against said directional valve to selectively determine 
the latter’s position, 

an operator-controlled metering ori?ce comiected ahead 
of said directional valve in ?uid communication 
therewith for selectively supplying a reduced ?ow 
of input ?uid thereto, 

and pressure compensating means connected across 
said metering ori?ce and responsive to the pressure 
drop across said metering ori?ce to regulate the ?ow 
rate of input ?uid therethrough to said directional 
valve. ‘ 

9. The combination of claim 8 wherein said pilot valve 
and said metering ori?ce are coupled to each other for 
adjustment in unison. 

10. A directional ?ow control arrangement for selec 
tively operating a ?uid-operated actuator means at a 
controlled speed comprising: 

directional valve means having provision for establish 
ing a ?ow of input ?uid to said actuator means and 
for simultaneously establishing a return ?ow from 
said actuator means, said directional valve means 
being selectively operable by ?uid pressure to control 
the direction of input and return ?ows to and from 
said actuator means, said directional valve means 
being operable to restrict the return ?ow from said 
actuator means so as to maintain a positive pressure 
of the input ?ow to said actuator means; 

means de?ning a metering ori?ce in ?uid communica 
tion with said directional valve means ahead of the 
latter and a pilot valve for selectively establishing 
a controlled flow of input ?uid to said directional 
valve means and for selectively operating said direc 
tional valve means to establish the direction of input 
‘and return ?uid ?ows therethrough to and from said 
actuator means; 

and pressure compensating means connected across 
said metering ori?ce for regulating said controlled 
?ow of input ?uid therethrough to said directional 
valve means. 

11. A directional ?ow control arrangement for selec 
tively operating a ?uid-operated actuator means at re 
duced speed ‘comprising: 

irectional valve means having provision for establish 
ing a flow of input fluid to said actuator means and 
for simultaneously establishing a return ?ow from 
said actuator means, said directional valve means 
being selectively operable by ?uid pressure to control 
the direction of input and return ?ows to and from 
said actuator means, said directional valvemeans 
being operable to restrict the return ?ow from said 
actuator means, the amount of restriction of the 
return ?ow being'a direct function of the ?uid pres 
sure operating said directional valve means; 

a unitarily controlled metering ori?ce and pilot valve 
in ?uid communication with said directional valve 
means for selectively establishing ‘a controlled ?ow 
of input ?uid to said directional valve means and for 
selectively operating said directional valve means to 
establish the direction of ‘input and return ?uid ?ows 
therethrough to and from said actuator means; 

and pressure compensating means connected across 
said metering ori?ce and operable to maintain a 
substantially ?xed pressure differential across said 
metering ori?ce. 

70 12. A directional ?ow control arrangement for selec 
tively operating a ?uid-operated actuator means at re 
duced speed comprising: 

directional valve means having provision for establish 
ing a ?ow of input ?uid to said actuator means and 
for simultaneously establishing a return ?ow from 

10. 

20 

65 
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said actuator means, said directional valve means 
being selectively operable by ?uid pressure to control 
the direction of input and return ?ows to and from 
said actuator means, said directional valve means 

12 
a manually adjustable metering ori?ce connected ahead 

of said spool valve in ?uid communication there 
with and operative to supply a metered flow of input 
?uid to said spool valve, said metering ori?ce being 

being operable to restrict the return ?ow from said 5 coupled to said pilot valve to be adjusted in unison 
actuator means in response to abnormally low pres- therewith; 
sure of the input ?ow to said actuator means; and a pressure responsive device connected across said 
unitarily controlled metering ori?ce and pilot valve metering ori?ce and operable in response to the pres— 
in ?uid communication with said directional valve sure drop thereacross to maintain substantially con 
means ahead of the latter and operative to selectively 1O stant the ?ow rate of input ?uid through said meter 
establish a T€dlllC€d ?ow of input ?uid to said direc 
tional valve means and to selectively apply ?uid 
pressure to said directional valve means for operating 
the latter to establish the direction of input and return 

and operable to maintain the ?uid ?ow rate through 
said metering ori?ce substantially constant for a 
given setting of the metering ori?ce. 

ing ori?ce for a given setting of the metering ori?ce. 
15. A directional ?ow control arrangement for operat 

ing a ?uid-operated actuator means at a controlled speed 
comprising: 

?uid ?ows lhefethrough '10 and fYOm Said actuator 15 ?uid-operated directional valve means for passing input 
means; ?uid to said actuator means and simultaneously pass 

and Pressure Compensating means Con??ct?d across Said ing return ?uid from said actuator means, said direc 
metering Ori?ce for regulating Said reduced ?ow of tional valve means being operable by ?uid pressure in 
in?“ ?uid thsrelhmugh ‘to said directional Valve a ?rst direction to establish a ?rst direction of input 
means. 20 and return ?ows to and from said actuator means, 

13. A directiOnal ?OW Control arrangement fer 5616C- said directional valve means being operable by ?uid 
tively Operating a ?llidropel'ated actuator means all a pressure in a second direction to reverse the direc 
controlled speed comprising: tion of input and return ?uid ?ows therethrough to 

?uid pl'essur?'opemted dimction'rll Valve 11163115 ‘Con- and from said actuator means, said directional valve 
StrIlCted and arranged to SeleCtiVelY Pass input ?uid 25 means being operable in response to the pressure of 
to ‘Said actuator means and simultaneously to‘ P335 the input ?uid ?ow to said actuator means to variably 
return ?uid from said actuator means, said directional restrict the return ?ow from Said actuator means 50 
Valve means being Operable by ?uid Pressure in h as to maintain a positive pressure of said input ?uid 
?rst direction to establish one direction of input ?ow; 
and return ?uid ?OWS t0 and from Said actuator 30 an operator-controlled, adjustable, combined metering 
means, Said directional Valve means being Op?fable ori?ce and pilot valve connected ahead of said direc 
bY ?uid prtissure in a Second direction to mverse tional valve means in ?uid communication therewith 
the direction 0f input and return ?uid ?ows ‘to and and operable to selectively establish a metered ?ow 
from said actuator means, said directional valve of input ?uid in one or the other of said ?rst and 
means being operable in Test/‘01158 t0 the pmssuf‘i of second directions to said directional valve means to 
the input ?uid flow to Said actuator mains to Vanably determine the direction of input and return ?uid ?ows 
restrict the return ?ow from said actuator means therethl-ough and the rates of said ?uid ?ow; 
so as to maintain Z1 POSitiVe Pmssllre of Said input a ?rst pressure compensating means connected to regu 
?uid ?ow; _ late the metered ?ow of ?uid through said combined 
unitary adjustable metering Ori?ce and Pliot "al‘fe 40 metering ori?ce and pilot valve in said ?rst direction 
connected ahead of said directional valve means in to said directional valve means to maintain the input 
?uid communication ‘therewith and Operable 5.616s" ?ow rate substantially constant for a given setting of 
tively to establish a metered ‘?ow of input ?uld to said combined metering ori?ce and pilot valve; 
said directional Valve means and to apply ?uld Pies‘ _ and a second pressure compensating means connected 
sure to Said directional Valve means for Pperatmg 4° to regulate the metered ?ow of ?uid through said 
the latter to establish the direction of the input and combined metering ori?ce and pilot valve in said 
return ?uid flows to and from Said actuator means; second direction to said directional valve means to 

and pressure compensating means exposed to the fluld maintain the input ?ow rate substantially constant 
pressure On Opposite Sides of said metal-mg ‘On?ce 50 for a given setting of said combined metering ori?ce 

and pilot valve. 
16. A hydraulic control arrangement comprising pres 

sure-compensated variable ori?ce means for passing ?uid 
14. A directional ?ow control arrangement for operat 

ing a ?uid-operated actuator means at a controlled speed 
comprising: _ ' . 

a pilot-operated spool valve having a ?rst position for 

to a hydraulic actuator, and directional control means 
connected to the outlet of said ori?ce means to control 
the ?uid ?ow therefrom to the actuator, said directional 
control means being selectively operable to reverse the 

establishing one direction of input and return ?uid 
?ows simultaneously to and from said actuator means 
and having a second position for reversmg the input 

direction of ?uid ?ow to the actuator and thereby reverse 
the direction of operation of the actuator. 

17. In combination, 
and return ?uid ?ows to ‘and from said actuaitoi 60 means de?ning avariable metering Ori?ce; 
mettlls’ sgid séjotoii V731‘; zrgslgifétsizf sarisd means defliining an inlet passage leading to said meter 
p051 ion y p10 m e _ w, ing ori Ce; 
spool valve being operable to said second position by means de?ning an outlet passage leading from said 
pilot ?uid pressure in the opposite direction, said 6r metering ori?ce; 
spool valve being operable in response to the pressure 0 and a pressur-e Compensating piston recip'rocably dis_ 

of the input ?uid.l ?ow to isiaid ?ctuatordmeatns tto pgsiid'ciln fTend (fm?et pgcsisggi for regulatglg mi] Ital/5e variably restrict t e return ow rom sa1 ac ua or 0 u] Ow rom Sal 1115 passage mug e 

means so as to maintain a positive pressure of said metering ori?ce to said outlet passage, said piston 

input ?ll“ llwi a ‘l t 1 ed to m 7° 11223 ext’ “5223 $123133?E2152? tii‘lfis?lii manua y a ms 21 e p10 va ve connec - s 0 e e 

tively control the application of pilot ?uid pressure the ?uid ?ow through said outlet passage, said piston 
to said spool valve to select the direction of input having a restricted passage therein which is open at 
and return ?uid ?ows therethrough to and from said one end to said outlet passage, means de?ning a ?uid 
actuator means; 75 pressure chamber at the opposite end of said re 
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stricted passage for applying ?uid pressure against 
the piston which urges the piston in the opposite 
direction against the force exerted by the ?uid pres 
sure at said inlet passage, and a normally closed 
relief valve in said piston exposed to the ?uid pressure 
in said chamber and operable to open when the ?uid 
pressure thereat exceeds a predetermined value to 
thereby establish a pressure drop across said re 
stricted passage which pressure unbalances the piston 
for movement in said one direction by the ?uid pres 
sure at said inlet passage. 

2,733,662 
2,737,196 
2,993,500 
3,024,798 
3,099,284 
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