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26,338 
ADJUSTABLE, METERED, DIRECTIONAL FLOW 

CONTROL ARRANGEMENT 
John D. Alien, South Euclid, Ohio, assignor to Fawick 

Corporation, a corporation of Michigan 
Original No. 3.234,957, dated Feb. 15, 1966, Ser. No. 

274,462, Apr. 22, 1963. Application for reissue Jan. 16, 
1967, Ser. No. 615,876 

11 Claims. (CI. 137-117) 
Matter enclosed in heavy brackets appears in the 

original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

AESTRACT OF THE DISCLOSEURE 
A flow control arrangement for selectively controlling 

the direction and speed of a hydraulic motor includes a 
reversible, adjustable metering orifice, and a pressure 
compensating arrangement for regulating the flow through 
the orifice by bypassing excess flow around it and variably 
restricting the flow through it. 

e-massic... home-r 

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

Various directional flow control arrangements, such as 
spool valves, have been provided heretofore for controlling 
the flow of hydraulic fluid to and from a fluid-operated 
actuator, such as a piston and cylinder. Such prior ar 
rangements 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 operation 
of the fluid-operated actuator. However, such arrange 
ments have not been entirely satisfactory where it was 
desired to provide a reduced, or metered, flow of fluid to 
and from the fluid-operated actuator to operate the actu 
ator at reduced speed. For example, with conventional 
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 flow rate. To overcome this difficulty, it has been 
proposed to provide metering grooves or notches in the 
wave 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 satis 
factory because the flow rate through such grooves or 
notches varies with the pressure of the fluid, so that a given 
setting of the valve spool does not necessarily produce 
a given flow rate. 
The present invention relates to a novel flow control 

arrangement which completely overcomes these difficul 
ties and enables the selective metered control simulta 
neously of the flows of fluid both to and from a fluid 
operated actuator. 

It is an object of this invention to provide a novel and 
improved flow control arrangement for a reversible hy 
draulic motor or the like which includes a reversible, 
variable metering orifice device which is adjustable to de 
termine both the direction and the speed of the motor, 
and pressure-compensating means connected to be respon 
sive to the fluid pressure drop across the orifice device so 
as to regulate the flow through it by bypassing excess flow 
around the orifice device and also restricting the flow 
through it, so as to maintain a substantially constant flow 
rate through the orifice device despite changes in the sup 
ply pressure or the load on the motor. 
Another Accordingly, it is an object of this invention 

, is to provide a novel and improved unitary fluid con 
trol arrangement which enables the user to selectively 
establish reduced fluid flows simultaneously both to and 
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from a fluid-operated actuator which are not dependent 
upon the pressure of the fluid 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 unified 
and accurate control over the flow rates both to and from 
the actuator, so as to provide the desired reduced speed 
of operation of the fluid-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 fluid-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 cer 
tain presently-preferred embodiments thereof, which are 
illustrated schematically in the accompanying drawings. 

In the drawings: 
FIGURE 1 is a schematic view, partly in section, show 

ing one embodiment of the present fluid 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 fluid system; and 
FIGURE 3 is a similar view of a third embodiment of 

the present fluid control arrangement. 
FIGURE 1 

Referring first to FIGURE 1, the particular embodi 
ment of the present flow control arrangement which is 
shown therein comprises, in broad outline, the following 
components: 

(1) a directional spool valve 10 of conventional design; 
(2) a metering orifice 1 and a pilot valve 12, operated 

manually (or otherwise) by the user of the system to 
selectively set the metered flow of pressure fluid to 
the spool valve and also to supply the pilot pressure 
for operating the spool valve in one direction or the 
other; and 

(3) a pressure-compensating device 14 which maintains 
the flow rate of fluid through the metering orifice 1 
independent of the supply fluid pressure or the load 
on the fluid pressure-operated actuator which this flow 
control arrangement operates. 
The remainder of the system is shown schematically. 

It includes a pump 15 for pumping suitable hydraulic 
fluid, such as oil or water, from a sump 16 through an 
inlet line 17 to an inlet opening 18 just ahead of the 
metering orifice 11. The fluid-operated actuator in the 
system is shown as a piston 19 operating in a cylinder 2i), 
One end of the cylinder is connected through a line 21 
to an outlet passage 22 of the spool valve 10. The oppo 
site end of the cylinder is similarly connected through 
another line 23 to a second outlet passage 24 of the spool 
valve 10. The load (not shown) on the actuator is cou 
pled 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 cylinder 
20. Similarly, the bore 30 presents a cylindrical land sur 
face 34 disposed between the inlet passage 33 and the 
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other outlet passage 24, which leads to the right end of 
cylinder 20. The bore 30 aiso presents a cylindrical land 
surface 35 which is disposed between passage 22 and an 
an ilular 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 
Ilected to the Sanhe 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 en 
gages the land surface 39. . Accordingly, in this posi 
tion of the valve spool there is no flow of fluid from the 
intet passage 33 to either outlet passage 22 or 24, no 
flow of fluid from passage 22 to the return passage 37, 
and no flow of fluid 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 
sealingly engage the land surface 39. Accordingly, fluid 
can flow from the inlet passage 33 past the land surface 
34 to the outlet passage 24, and return flow of fluid takes 
place from the other outlet passage 22 past land surface 
35 to the return assage 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 lard 27 disengages from the land surface 39, 
while its central land 26 sealingly engages the land surface 
34 and its left land 25 sealingly engages the land surface 
35. Therefore, fluid from the inlet passage 33 flows past 
the land Surface 32 to the outlet passage 22, and return 
flow of fluid takes place via the other outlet passage 24 
past and 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 lo 
cated at the juncture between the bore 30 and this cham 
ber 41. This plate has a central axial passage 45. A first 
pilot passage 46 extends from the pilot valve 12 to this 
chamber 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 a but against the oppositely 
spring-biased plates 42 and 48. 
The valve spool inay be shifted to the left by operating 

the pilot valve 12 to supply pilot pressure fluid via pas 
sage 52 to channber 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 operat 

ing the pilot valve 12 to supply pressure fluid via passage 
46 to chamber 4 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 pas 
sage 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 
flow of fluid from its inlet passage 54 to either pilot pas 
sage 46 or 52 or to the return passage 53. When turned 
clockwise in FGURE 1 from its closed position, it con 
nects is inlet passage 54 to the pilot passage 52 and it con 
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4. 
nect 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 pas 
sage 46 and it connects pilot passage 52 to the return 
passage 53. 

Preferably, the pilot valve 12 is connected integrally to 
the rotatable metering orifice 11, so that they turn to 
gether in unison. Desirably, both the pilot valve 12 and 
the metering orifice 11 may be incorporated in a single 
plug valve which may be operated manually by a suit 
able handle or the like. 
The metering orifice 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 8 to 
a passage 57. The extent to which the plug 55 is turned 
determines the size of the flow restriction which its pre 
sents to the inlet passage 18. 
The outlet passage 57 from the metering orifice it leads 

to a passage 58 inside a cylindrical and surface 59. Pas 
Sage 58 leads to the inlet passage 33 to the spool valve 10. 
The inlet passage 54 to the pilot valve 12 is connected to 
passage 33. 

In accordance with the present invention, the rate of 
fluid flow to the fluid-operated actuator is faintained at 
a value determined by the setting of the metering orifice 
and independent of the load of the actuator or the pres 
sure of the pump finid. 

Referring to FIGURE 1, the pressure-compensating de 
vice 14 for this purpose comprises a slidable piston 60 
having three axially spaced, cylindrical lands 61, 62 and 
63. The piston land 61 sealingly engages a cylindrical in 
ternal land surface 64 in the housing 31 disposed between 
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 Fiston land 
63 sealingly engages a cylindrical internal land surface 
68 in the housing 31 disposed between the inlet passage 
18 and chamber 67 leading to the return line. 

Between its lands 6 and 62 the piston 60 is formed 
with a circumferential groove 69 of appreciable axial ex 
tent. A restricted passage or orifice 70 extends racially 
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 oppo 
site 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 riston has an axial passageway ex 
tending between the recess 71 at its left end and its in 
ternal 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 between the right end of passage 76 and cham 
ber 74. A poppet S0, 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 adjust 
ment of plug 79, which determines the compression of 
spring 81, controls the fluid pressure at which the poppet 
80 will unseat. Normally, this will be a relatively iligh 
pressure. 

In the operation of this pressure-compensating device, 
the right end of the piston 60 is cxposed to the punip 
pressure at inlet passage 8. With the mcteig orifice 
1 partially open, there will be a fluid pressure drop 
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across this orifice. The fluid pressure at the discharge 
side of the metering orifice is applied, through passages 
57 and 58, piston orifice 70 and piston recess 71, against 
the left end of the piston. 

Piston 60 functions as in a flow divider to maintain 
constant the fluid pressure drop across the metering ori 
fice 11, for whatever setting the metering orifice has been 
adjusted. By holding the fluid pressure drop constant, the 
piston will thereby hold constant the flow rate through 
the metering orifice. 

This regulating function of piston 60 takes place as 
follows: 

With the piston's opposite ends exposed to the respec 
tive fluid pressures on opposite sides of the metering 
orifice 11, the difference between these fluid pressures de 
termines the axial position of the piston. This pressure 
differential acts against the biasing force exerted by 
spring 72. 

For a given setting of the orifice size, an increase in 
fluid flow through the orifice causes a greater fluid 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 fluid at inlet passage 18 to flow into 
chamber 67 and thence through passages 40 and 37 to 
the return line 38, bypassing the metering orifice 11. 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 flow from the metering orifice 11 to the 
spool valve 10. The net effect is that the flow rate through 
the metering orifice 1 will be maintained substantially 
constant at a value determined by the position to which 
the metering orifice has been set, and any changes in 
the fiuid pressure at either side of the metering orifice 
will not substantially chaige this flow rate. Such pres 
sure changes might be caused by changes in the pump 
fiuid pressure at inlet side of the Inetering orifice 11 or 
by charges in the load on the fluid-operated actuator 
which would change the fluid pressure at the Cutlet side 
of the metering orifice 11. 
Under normal operating conditions, the spring-pressed 

poppet 80 in piston 60 will remain closed. However, in 
the event of excessive fluid pressure at the port of the actu 
ator cylinder 20 to which nassage 33 is connected through 
the spool valve, the fligi pressure at passage 33 will 
inseat the poppet 39. A very small flow past the pornet 
valve 80 will produce a pressure drop across the pistoia 
orifice 70, so that the fluid pressure acting against the 
left end of pision 60 will be substantially less than the 
pump fluid 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 di 
rectly to the return passages to thereby relieve the pres 
S. 
The piston crifice 70 also acts as a damper to prevent 

rapid fluctuations of piston 60. 
Operation 

To summarize the overall operation of the FiGURE 
1 arrangement, the operator will manually (or other 
wise) turn the metering orifice 11 and the pilot valve 2 
is unison to establish the desired reduced flow rate and 
the desired direction of flow. The flow rate through the 
metering orifice 11 is automatically 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 fluid pressure against one end or the other 
of the valve spool to establish the corresponding flow 
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 opera 
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6 
tor-controlled components (namely, the metering orifice 
and the pilot valve) are physically distant from the pres 
sure 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 orifice 1 and pilot valve 12") 
to be located close to the operator and the spoo valve 
10' close to the actuator 19, 20' which it operates. The 
relatively large lines 17, 21, 23 and 38', which are 
required for main system flow, reed not be run to the 
operator's control position. Relatively small lines 8a, 
57a, 54a, 52a, 53a and 46a may be provided connecting 
the control unit to the main system unit. This reduces 
the power losses and heating and generally simplifies the 
construction of the system. 
The operation of the FIGURE 2 arrangement is es 

sentially the same as already described in detail for 
FIGURE 1. 

FIGURE 3 

in the embodiment of FIGURE 3, the functions of 
the metering orifice and the pilot valve are combined in 
a single plug waive 111 which is threadedly mounted 
in the housing 13. This plug valve has a circumferential 
groove 156 in its periphery between cylindrical lands 
20 and 201, In the closed position of tilis valve, these 
lands sealingly engage complementary housing land Sur 
faces 2G2, 203 which are located respectively between the 
inlet passage 1 i8 and left-hand and right-hand outlet 
passages 57c and 57d. When the plug waive 111 is ad 
vanced to the left, its peripheral goove 56 provides re 
Stricted fluid cominutication between passages 1 i8 aird 
57c, while the other outlet passage 5"d remains blocked 
from fluid communication with the inlet passage 18. 
Corversely, when the plug wave is moved to the right, 
its peripheral groove 156 provides restricted fluid con 
munication between passages 8 and 57d, while the 
other cutlet passage 57 c is blocked from fuid co?muni 
cation with the inlet passage 8. The peripheral groove 
156 constitutes the variable rcstriction orifice for pro 
viding metered flow in one direction or the other. 

Associated with the directional net cring orifice 111 are 
a left-hand pressure compensating device isc and a right 
hand pressure coine insating device sti. Fach of these 
pressure corpenSating devices is consilicted and arranged 
Substantially identical to the pressure compeiasating device 
is in FIG. 1, and hence a cietailed description of then 
is untiecessary. Corresponding elements of these devices 
are given the same reference numerals as in FiG. 1, with 
a Subscript 'c' or "ki' 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 fluid flow through the 
metering orifice 111 is to the right this piston will regu 
late such metered flow. 
When fluid flow through the metering orifice 111 is to 

the left, piston 60d will move to the right, connecting 
chamber 67d to the corresponding chamber 67c at the 
right end of piston 6(c. Accordingly, piston 6 Oc will re 
spond to the pressure drop across the metering orifice 
to maintain substantially constant the rate at which fluid 
flows through the metering orifice, 
The outlet passage 33c from the left-hand pressure 

cCmpensating device 14c 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 waive 
leads to the passage 122 which is connected through line 
121 to the left end of the fluid-operated actuator 19, 
2O. 
A normally closed poppet valve 267 is disposed be 

tween passage 122 and the return passage 137. This poppet 
valve is biased closed by a compression spring 268. 

For unseating this poppet valve there is provided a 
piston 209 slidable in a chamber 210. The return passage 
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137 communicates with this chamber at one side of pis 
tion 239. A passage 211, which is connected to the outlet 
passage 33d from the right-hand pressure compensating 
device 14d, communicates with chamber 20 at the op 
posite side of piston 209. 
A check valve 214, which is biased closed by a com 

pression spring 215, is connected between 1he outlet pas 
sage 33d froin the right-hand pressure compensating 
device 1-d and a passage 216 leading, via passage 124, to 
the right end of the actuator 119, 120. 
A 1: Cinnally closed popper waive 217 is disposed be 

34 ceili passage 24 : in a passage 222 connected to the 
feturn passage 137. A compression spring 218 biases this 
poppet valve cioscd. 

For unscating the poppet valve 217 there is provided 
a pist on 29 siidable in a chaniber 220. The return pas 
Sage 222 communicates with this chamber at one side 
of riston 219. A passage 221, which is connected to the 
Cutlet passage 35c from the left-hand pressure compen 
Sating device 14c ahead of check valve 204, communi 
cates with chamber 220 at the opposite side of pist on 29. 
The check valves 204, 214, poppet valves 207, 217, 

pistons 209, 2i 9, and associated passages together consti 
tute a directional valve means for controlling the fluid 
flow to and from the actuator 119, 20. This directional 
valve nickins is under the control of the combined imeter 
iiig orifice and the pilot valve 111 in essentially the same 
mainer is the directional spool valve in the preceding 
embodiments. 

Operation 

In the operation of this arrangement, when the meter 
ing orifice 111 is shifted to the left, fluid flows from the 
inlet passage 18 to passage 33c and thence past the check 
waive 20- to the line 12 leading to the left end of the 
actini or 19, 20. 
The actuator pist on 119 in the actuator cannot move 

until a return path is provided for fluid from the right 
end of cylinder 120. The back pressure at passage 33c 
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 27, return passages 222 and 137, and return line 
138 to the sump 116. 
The reverse action takes place when the metering orifice 

is adjusted to establish metered fluid flow to the right. 
In each of the foregoing embodiments of the present 

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

Since the metering orifice is pressure compensated, as 
described, the rate of input fluid flow to the fluid-operated 
actual or 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 fluid pressure 
(r in the load on the actuator will not change this input 
flow rate to the actuator which the user established by a 
given Sctting of the metering orifice. Accordingly, the 
speed of operation of the actuator will always be the same 
for a given scting of the metering orifice. Also, very 
snooth modulation of the fluid flow, proportional to the 
adjustment of the metering orifice, is obtained. 
The return flow from the fluid-operated actuator also is 

controlled by the setting of the metering orifice in the 
present invention. Normally, this return flow will be the 
same as the regulated input flow to the actuator. In the 
present invention the return flow rate is positively con 
ifoiled by restricting the return flow 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 actuator 
cannot run away from the operator's control. In certain 
equipment, such as born type cranes, when the load is 
being overed it may develop a substantial pressure which 
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8 
tends to cause return flow out of the actuator cylinder 
much faster than fiuid is supplied by the pump, producing 
a partial vacuum in the actuator cylinder and causing 
the load to fail freely. With the present control arrange 
ment, this is prevented. In the embodiments of FIGS. 1 
nd 2, if the fluid pressure at the inlet port of the actuator 

cylinder drops, the pilot fluid pressure which is holding the 
spool valve open will also drop, permitting the valve 
Spool to move back toward its closed position, thereby 
Festricting or completely stopping the return flow from 
the actuator cylinder and prevcnting the load from ruil 
ning away. In the embodiment of FIG. 3, if there is a 
pressure drop at the inlet port of the actuator cylinder 
there is also a reduction in the fluid pressure on the pis 
ton which is holding open the poppet valve in the return 
line fron 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 flow from the fluid-operated 
actuator in accordance with the input flow to the actualor, 
which is determined by the setting of the metering orifice. 
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 difficult to insure that the open-center passage is re 
stricted to build up punp pressure just as the cylinkler port 
is opened to the pump. If the valve spool is partially 
noved to lift the load slowly and the cylinder 'up' port 
opens to the pump port before the open-center passage 
Festricts the pump flow to the return line, the load may 
actually drop, even though 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 describcd in detail and illustrated 
Schematically in the accompanying drawing, it is to be 
understood that various modifications. Cmissions and re 
finements 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 fluid-operated actuator when the waive spool 
is in its neutral position, may be replaced by an open 
center spool valve, in which the pump fluid is bypassed 
when the valve spool is in its neutral position, or by a 
float-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 uni 
tary control element, which provides the metering orifice 
and the pilot valve in each embodinent, may be an axial 
ly shiftable spool valve instead of a rotatable plug waive, 
as described. 

chain): 
1. A directional flow control arrangement for selec 

tively operating a fluid-operated actuator means at a 
controlled speed comprising: 

directional valve means having passages for connec 
tion to said actuator means to selectively pass fluid 
to and from said actuator means; 

adjt stable means having connections to said direc 
tional valve means for selectively establishing a re 
duced flow of input fluid to said directional valve 
means and for selectively operating said directional 
valve means to establish the direction of fluid flows 
therethrough; 

and means operatively associated with said adjustable 
means to regulate the flow of input fluid to said di 
rectional valve means. 

2. A directional flow control arrangennent for ad 
justably operating a fluid-operated actuator means at a 
controlled spiced comprising: 

fluid press re-operated directical valve means having 
passages for connection to Said a citator means and 
operable io selectively pass input pressure fluid to 
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Said actuator means and to pass return fluid from 
said actuator means; 

adjustable means in fluid communication with said di 
rectional valve means at the latter's inlet side and 
operative to selectively meter the flow of input fluid 
to said directional valve means and to apply fluid 
pressure against said directional valve means to 
operate the latter to establish the direction of input 
and return fluid flows therethrough; 

and pressure compensating means operatively associ 
ated with said adjustable means to regulate the 
metered flow of input fluid therethrough to said 
directional valve means. 

3. The arrangement of claim 2 wherein said adjustable 
means includes a metering orifice, and wherein there are 
provided means defining an inlet passage leading to said 
metering orifice and means defining an outlet passage 
leading from said metering orifice 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 fluid pressure at said 
inlet passage to be urged thereby in one direction to re 
strict the fluid flow through said outlet passage, said 
piston having a restricted passage therein which is open 
at one end to said outlet passage, means defining a fluid 
pressure chamber at the opposite end of said restricted 
passage for applying fluid pressure against the piston 
which urges the piston in the opposite direction against 
the force exerted by the fluid pressure at said inlet pas 
sage, and a normally closed relief valve in said piston 
exposed to the fluid pressure in Saiki chaniber and oper 
able to open when the fluid pressure thereat exceeds a 
predetermined value to thereby establish a pressure drop 
acros; said restricted passage which pressure unbalances 
the piston for movement in said one direction by the fluid 
pressure at said inlet passage. 

4. A directional flow control arrangement for selec 
tively operating a fuid-operated actuator mcans at a 
controlled speed comprising: 

directional valve means having passages for connec 
tion to said actuator means to pass pressure fluid to 
and from said actuator means, said directional valve 
means being operable by fluid pressure in one direc 
tion to pass input fluid to said actuator means and 
to pass return fluid from said actuator means, said 
directional valve means being operable by fluid pres 
sure in another direction to reverse the directions 
of fluid flow therethrough to and from said actuator 
i.ean S. 

operator-controlled adjustable means in fluid com 
munication with said directional valve means ahead 
of the latter for selectively establishing a reduced 
flow of input fluid to said directional valve means 
and for selectively operating said directional valve 
means to establish the direction of fluid flows there 
through to and from said actuator means; 

and pressure compensating means for regulating said 
reduced flow of input fluid independent of the pres 
sure of the input fluid. 

5. In combination with directional valve means hav 
ing a first position for establishing input and return flows 
of fluid therethrough and a second position for reversing 
the input and return flows of fluid therethrough, 

operator-controlled adjustable means in fluid com 
munication with said directional valve means for 
selectively establishing a reduced flow of input fluid 
to said directional valve means and selectively operat 
ing said directional valve means to establish the 
direction of input and return flows therethrough; 

and pressure compensating means operatively associ 
ated with said adjustable means to regulate the flow 
of input fluid therethrough independent of the pres 
sure of the input fluid thereto. 

6. The combination of claim 5, wherein said pressure 
compensating means includes means operable in response 

10 
to excessive pressure of the input fluid to said directional 
valve means to reduce said pressure. 

7. The combination of claim 5, wherein said pres 
sure compensating means includes means opcrable to 

5 maintain a substantially fixed pressure differential across 
said operator-controlled means. 

8. in combination, 
a directional valve operable by pilot fluid pressure in 
one direction to a first position establishing a pre 
determined fluid flow therethrough and operable by 
pilot fluid pressure in the opposite direction to a 
second position establishing a different fluid flow 
therethrough, 

an operator controlled adjustable pilot valve for selec 
tively controlling the application of fluid pressure 
against said directional valve to selectively determine 
the latter's position, 

an operator-controlled metering orifice connected ahead 
of said directional valve in fluid communication 
therewith for selectively supplying a reduced flow of 
input fluid thereto, 

and pressure compensating means connected across said 
metering orifice and responsive to the pressure drop 
across said metering orifice to regulate the flow rate 
of input fluid therethrough to said directional valve. 

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

10. A directional flow control arrangennent for selec 
30 tively operating a fluid-operated actuator means at a con 

trolled speed comprising: 
directional valve means having provision for establish 

ing a flow of input fluid to said actuator means and 
for simultaneously establishing a return flow from 
said actuator means, said directional valve means be 
ing selectively operable by fluid pressure to control 
the direction of input and return flows to and from 
said actuator means, said directional valve means be 
ing operable to restrict the return flow from said 
act liator means So as to maintain a positive pressure 
of the input flow to said actuator means; 

means defining a metering orifice in fluid communica 
tion with said directional valve means ahead of the 
latter and a pilot valve for selectively establishing a 
controlled flow of input fluid to said directional valve 
means and for Sclectively operating said directional 
valve neans to establish the direction of input and 
return fluid flows therethrough to and from said 
actuator means; 

and pressure compensating means connected across said 
metering orifice for regulating said controlled flow of 
input fluid therethrough to said directional valve 
eaS. 

11. A directional flow control arrangement for sglec 
55 tively operating a fluid-operated actuator means at re 

duced speed comprising: 
directional valve means having provision for establish 

ing a flow of input fluid to said actuator means and 
for simultaneously establishing a return flow from 
said actuator means, said directional valve means be 
ing selectively operable by fluid pressure to control 
the direction of input and return flows to and from 
said actuator means, said directional valve means be 
ing operable to restrict the return ?low from said ac 
tuator means, the amount of restriction of the return 
flow being a direct function of the fiuid pressure op 
erating said directional valve means; 

a unitarily controlled metering orifice and pilot valve 
in fluid communication with said directional v:ve 
means for selectively establishing a controlled flow of 
input fluid to said directional valve means and for 
selectively operating said directional valve means to 
establish the direction of input and return fluid flows 
therethrough to and from said actuator means: 

and pressure compensating means connected across 
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Said nnetering orifice and operable to maintain a sub 
stantially fixed pressure differential across said meter 
ing orifice. 

2. A directional flow control arrangement for Selec 
tively operating a fluid-operated actuator means at re 
titled Specki conprising: 

directional valve means having provision for establish 
it g a flow of input fluid to said actuator means and 
for sinnlitaneously establishing a return flow from 
Said actuator means, said directional valve means be 
ing Selectively operable by fluid pressure to control 
the direction of input and return flows to and from 
said actuator means, said directional valve means be 
ing operable to restrict the return flow from said ac 
tlator means in response to abnormally low pressure 
of the input flow to said actuator means; 

a unitarily controlled metering orifice and pilot valve 
in fluid communication with said directional valve 
means ahead of the latter and operative to selec 
tively establish a reduced flow of input fluid to said 
directional valve means and to selectively apply fluid 
pressure to said directional valve means for operat 
ing the latter to establish the direction of input and 
return fluid flows thcrethrough to and from said 
{}culator healS, 

and pressure compensating means connected across said 
metering of ifice for regulating said reduced flow of 
input fluid therethrough to said directional valve 
leans. 

13. A directional flow control arrangement for Selective 
ly operating a fluid-operated actuator means at a con 
trolled speed comprising: 

fluid pressure-operated directional valve means con 
structed and arranged to selectively pass input fluid 
to said actuator means and simultaneously to pass 
return fluid from said actuator means, said direction 
al valve means being operable by fluid pressure in a 
first direction to establish one direction of input and 
return fluid flows to and from said actuator means, 
saili directional valve means being operable by fluid 
pressure in a second direction to reverse the direc 
tion of irrit and return fluid flows to and from said 
actuator ineans, said directional valve means being 
operable in response to the pressure of the input fluid 
flow to said actuator means to variably restrict the 
reurn flow from said actuator means so as to main 
tain a positive pressure of said input fiuid flow; 

a unitary adjustable metering orifice and pilot valve 
connected ahead of said directional valve means in 
frid communication therewith and operable selec 
tively to establish a metered flow of input fluid to 
said directional valve means and to apply fluid pres 
sure to said directional valve means for operating the 
latter to establish the direction of the input and re 
turn fluid flows to and from said actuator means; 

and pressure compensating means exposed to the fluid 
pressure on opposite sides of said metering orifice 
and operable to maintain the fluid flow rate through 
said metering orifice substantially constant for a given 
setting of the metering orifice. 

3. A directional flow control arrangement for operat 
ing a fuid-operated actuator means at a controlled speed 
comprising: a pilot-operated spool valve having a first position for 

establishing one direction of input and return fluid 
flows simultaneously to and from said actuator means 
and having a second position for reversing the input 
and return fluid flows to and from said actuator 
neans, said spool valve being operable to said first 
position by pilot fluid pressure in one direction, said 
spool valve being operable to said second position 
by pilot fluid pressure in the opposite direction, Said 
sool valve being operable in response to the pres 
sire of ite input fluid flow to said actuator leans to 
variably restrict thc return flow from Said actuator 
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means so as to maintain a positive pressure of said 
input fluid flow; 

a manually adjustable pilot valve connected to selective 
ly control the application of pilot fluid pressure to 
said spool valve to select the direction of input and 
return fluid flows the ethrough to and from said actu 
ator means; 

a manually adjustable metering orifice connected ahead 
of said spool valve in fluid communication there with 
and operative to supply a metered flow of input fluid 
to said spool valve, said metering orifice being cou 
pled to said pilot valve to be adjusted in unison there 
with; and a pressure responsive dc vice connected across said 
mctering orifice and operable in response to the pres 
Sure drop thereacross to maintain substantially con 
stant the flow rate cf input fluid through said metcr 
ing orifice for a given setting of the metering orifice. 

15. A directional flow control arrangement for oper::t- 
ing a fluid-operated actuator means at a controlled speed 
comprising: 

fluid-operated directional valve means for passing input 
fluid to said actuator means and simultaneously pass 
ing return fluid from Said actuator means, said direc 
tional valve means being operable by fluid pressure 
in a first direction to establish a first direction of in 
put and return fluid flows to and from said actuator 
means, said directional valve means being operable 
by fluid pressure in a second direction to reverse 
the direction of input and return fluid flows 
therethrough to and from said actuator means, said 
directional valve means being operable in response 
to the pressure of the input fluid flow to said actua 
tor means to variably restrict the return flow from 
said actuator means so as to maintain a positive pres 
sure of said input fluid flow; 

an operator-controlled, adjustable, combined mctering 
orifice and pilot valve connected ahead of said di 
rectional valve means in fluid communication there 
with and operable to selectively establish a metered 
flow of input fluid in one or the other of said first 
and second directions to said directional valve means 
to determine the direction of input and return fluid 
flows therethrough and the rates of said fluid flow; 

a first pressure compensating means connected to regu 
late the metered flow of fluid through said combined 
metering orifice and pilot valve in said first direction 
to said directional valve means to maintain the in 
put flow rate substantially constant for a given set 
ting of said combined Inetering orifice and pilot 
valve; and a second pressure compensating means connected to 
regulate the metered flow of fluid through said com 
bined metering orifice and pilot valve in said second 
direction to said directional valve means to main 
1ain the input flow rate substantially constant for a 
given setting of said combined metering orifice and 
pilot valve. 16. A hydraulic control arrangement comprising pres 

sure-compensated variable orifice means for passing 
fluid to a hydraulic actuator, and directional control 
means connected to the outlet of said orifice means to 
control the fluid flow therefrom to the actuator, said 
directional control means being selectively operable to 
reverse the direction of fluid flow to the actuator and 
thereby reverse the direction of operation of the actu 
ator. 

17. In combination, 
means defining a variable metering orifice; 
means defining an inlet passage leading to said meter 

ing orifice; 
means defining an outlet passage leading from said 

metering orifice; 
and a pressure compensating piston reciprocably dis 

posed in said outlet passage for regulating the rate 
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of fluid flow from said inlet passage through the 
metering orifice to said outlet passage, said piston 
being exposed to the fluid pressure at said inlet 
passage to be urged thereby in one direction to re 
strict the fluid flow through said outlet passage, said 
piston having a restricted passage therein which is 

14 
the fluid pressure drop across the orifice established 
ly said valve means therein to bypass excess flow 
away from said orifice and to restrict the flow 
through the orifice so as to maintain said pressure 
drop substantially constant for a given setting of 
said valve means. 

20. A hydraulic flow control arrangement for operating 
a reversible hydraulic motor at a controlled speed con prising: 

a reversible variable metering orifice device having a 

open at one end to said outlet passage, means de 
fining a fluid pressure chamber at the opposite end 
of said restricted passage for applying fluid pres 
sure against the piston which urges the piston in the lo 
opposite direction against the force exerted by the 
fluid pressure at said inlet passage, and a normally 
closed relief valve in said piston exposed to the 
fluid pressure in said chamber and operable to open 

common flow port and a pair of separate motor ports 
for connection respectively to the opposite sides of 
said motor, and an adjustable reversible valve men 
her in said orifice device for selectively connecting 
said cominion port to one or the other of said motor when the fluid pressure thereat exceeds a predeter- 15 

mined value to thereby establish a pressure drop ports to establish either of two alternative flow pas 
across said restricted passage which pressure un- sages through the orifice device with a flow restric 
balances the piston for movement in said one direc- tion whose size is determined by the position of 
tion by the fluid pressure at said inlet passage. said valve member 

18. A directional flow control arrangement for adjust- 20 and pressure-compensating valve means connected 
ably operating a fluid-operated actuator means at a con- hydraulically in series directly with said orifice de 
irolled speed comprising: vice to regulate the flow therethrough, and means 

flitid pressure-operated directional valve means having for operating said pressure-coin pensating val'e 
Passages for connection to said actuator means and means in accordance with the fluid pressure difier 
operable to selectively pass input pressure fluid to 25 ential across the flow passage established in said 
said actuator means and to pass return fluid from orifice device to bypass excess flow away from said 
said actuator means; orifice device and to restrict the flow through said 

adjustable means including a metering orifice in fluid orifice device for maintaining said pressure drop 
communication with said directional valve means at substantially constant for a given size of said flow 
the latter's inlet side and operative to selectively 30 restriction. 

21. A hydraulic flow control arrangement for selec 
tively operating a reversible hydraulic motor in either 
direction at a controlled speed comprising: 
a reversible metering orifice device including a body 

meter the flow of input fluid to said directional 
val'e reals and to apply fluid pressure against said 
directional valve means to operate the latter to 
establish the direction of input and return fluid flows 
therethrough; 35 having a first flow port and a pair of separate addi 

i"essitre contpensating means operatively associated tional flow ports for connection alternatively to 
with said adjustable means to regulate the metered said first port to establish one or the other of two 
flow of input fluid therethrough to said directional different alternative flow passages through said body 
valve means; to operate the motor in one direction or the opposite 

means 'defitting an inlet passage leading to said meter- 40 direction, and valve means in said body between said 
ing Orifice and means defining an outlet passage first port and said additional ports, said valve means 
leading from said invetering orifice to said directional being adjustably positionable to selectively connect 
valve means; one or the other of said additional ports to said first 

said pressure compensating means comprising a re- port to establish the corresponding flow passage 
ciprocable piston in said outlet passage, said piston is through the orifice device with a flow restriction 
being exposed to the fluid pressure at said inlet whose size is determined by the position of said 
passage to be urged thereby in one direction to re- valve means; 
strict the fluid flow through said outlet passage, said and pressure-compensating valve means connected 
piston having a restricted passage therein which is hydraulically directly to said orifice device to 
Open at One end to said outlet passage, means de- 50 sense the fluid pressure drop across said flow re 
fining a fluid pressure chamber at the opposite end striction in the orifice device and operable to by 
of Said restricted passage for applying fluid pressure pass excess flow away from the flow passage estab 
against the piston which urges the piston in the lished in the orifice device by said 'ali'e means and 
opposite direction against the force exerted by the to provide an additional flow restriction in series 
fluid pressure at said inlet passage, and a normally 55 with said flow passage so as to maintain said pres 
closed relief valve in said piston exposed to the fluid sure drop substantially constant for a given posi 
pressure in said chamber and operable to open when tion of said valve means. 
the fluid pressure thereat exceeds a predetermined 
value to thereby establish a pressure drop across References Cited 
said restricted passage which pressure unbalances 60 The following references, cited by the Examiner, are the piston for movement in said one direction by 
the fluid pressure at said inlet passage. of record in the patented file of this patent or the original 

ae patent. 19. A hydraulic flow control arrangement for operating 
a reversible hydraulically-operated actuator means at a UNITED STATES PATENTS 
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a reversible variable metering orifice device having 2,737,196 3/1956 Eames ------------ 137-10 

two attiernative flow passages therethrough for selec- 2,755,624 7/1956 Klessig et al. ---------- 60-52 
tively establishing the operation of said actuator 2,993,500 7/1961 Robinson et al. - 137-1 i7 XR 
means in one direction or the opposite direction, 3,024,798 3/1962 Banker ------- 137-117 XR 
said orifice device having adjustable reversible valve 70 3,099,284 7/1963 Thrap et al. -------- 137-117 means therein for selectively establishing one or the 
other of said flow passages with an orifice whose FOREIGN PATENTS 
size is determined by the setting of said valve means, 759,548 10/1956 Great Britain. 

and pressure-compensating means connected directly 
to said orifice device and operable in response to 75 HENRY T. KLINKSIEK, Prinary Examiner. 


