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This invention relates to hydraulic control valves and 
particularly to hydraulic control valves of the kind shown 
in our assignee's Patent No. 2,971,536 in which throttling 
or metering slots are employed and the invention is par 
ticularly concerned with the configuration of metering 
slots to insure easy operation of a valve unimpeded by 
reaction forces of fluid under high pressure passing 
through the slots. 
As pointed out in the patent referred to above, many 

forms of hydraulic control valves include a shouldered 
spool reciprocable in a ported cylinder. As the spool 
is reciprocated in the cylinder, selected ports are opened 
and closed in order to direct fluid under pressure to de 
sired places such as to a fluid motor or jack. Since 
the action of opening or closing a port with a simple 
spool shoulder is relatively abrupt, it is common practice 
to slot or notch the spool shoulders to obtain a slow 
throttling or metering effect and thus a desired gradual 
or smooth action of the fluid motor orjack. Many known 
designs of such metering slots are found to create a 
dynamic force from the jet flow which tends to urge the 
spool in a direction opposing the centering spring force, 
thus requiring heavy spring pressure to effect return of 
the spool to a normal or neutral position. 
The construction disclosed in the above mentioned 

patent overcomes the above objectionable feature in a 
valve designed for metering in. The term "metering in" 
is employed in describing a valve wherein the metering 
is accomplished by fluid flow through the metering slots 
in a direction generally inward with respect to the valve 
spool whereas metering out is used to describe the con 
dition where metering is accomplished by flow radially 
outwardly of the valve spool through the metering slots. 
In the above mentioned patent, a slot is shown which 
corrects the difficulties encountered in connection with 
metering out but is ineffective for correcting the same 
difficulties experienced in valves of the metering in type. 

It is the object of the present invention to provide a 
metering slot configuration for hydraulic control valves 
which will greatly reduce reactionary force exerted ax 
ially on the valve spool so as to permit the return of the 
spool toward its neutral position with a very light neu 
tralizing spring and particularly in connection with valves 
where metering is accomplished during flow radially in 
wardly of the valve spool. 

Further and more specific objects and advantages of 
the invention are made apparent in the following specifica 
tion wherein the invention is described in detail by refer 
ence to the accompanying drawing. 

In the drawing: 
FIG. 1 is a central sectional view through a spool 

valve illustrating the metering slot configuration of the 
present invention and diagrammatically showing a source 
of fluid under pressure and a hydraulic jack to be ac 
tuated by such fluid under control of the valve; and 

FIG. 2 is an enlarged fragmentary sectional view of 
a portion of the valve illustrated in FIG. 1 to illustrate 
the effect of the improved metering slot. 

In the system illustrated in FIG. 1, a double acting 
hydraulic jack is shown at 10 and is adapted to be ac 
tuated in either direction by fluid under pressure from 
a pump i which withdraws fluid from a reservoir 12. 
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A return line 13 leads to the reservoir and a relief valve 
of conventional design illustrated at 14 is employed in 
the customary manner in such a system. Control of 
fluid under pressure which is directed to the jack 10 as 
well as control of the return circuit is accomplished 
through a valve, the body of which is illustrated at 5. 
The valve 15 may be considered as typical of many valves 
used for this general purpose and the following descrip 
tion of the manner in which it operates will facilitate 
an understanding of the advantages of the metering slot 
of the present invention. 
The valve 15 has a cylindrical bore for the reception 

of a reciprocable valve spool. 16 having grooves and land 
portions which cooperate with ports opening into the 
cylindrical bore to control direction of fluid flow through 
the valve. FIG. 1 shows the valve spool. 16 in a neutral 
position in which it is balanced as by a spring 17, exert 
ing pressure against the valve spool in one direction as 
through a flanged collar 18 and reacting against the valve 
housing in the opposite direction by means of a shoul 
dered sleeve 19. With this arrangement, the spool is 
normally held in the position shown and may be moved 
in one direction or another through actuating leverage 
(not shown) which is connected to an end 20 of the 
spool. - 

In the neutral position shown in FIG. 1, fluid from 
the pump 11, which may be considered as continuously 
operating, is directed into an inlet port 21 and is free 
to pass through the valve cylinder to ports 22 and 23 
and outwardly through an exhaust port 24 and through 
the return line 13 without having effected the position 
of the jack 10. 
When it is desired to retract the rod of the jack 10 

by admission of fluid under pressure to its right end as 
illustrated in FIG. 1, the spool 16 is moved toward the 
left against resistance of the spring 17 until a land 26 
on the spool closes communication to the port 22 as 
shown in FIG. 2 and a land 27 on the spool closes 
communication to the port 23 except in the area of meter 
ing slots. 28 formed in the land 27 and capable of being 
gradually closed by further movement toward the left 
for throttling or metering purposes. This restriction of 
flow causes a buildup of pressure in the inlet chamber 
21 which effects opening of a check valve 30 normally 
urged to a closed position by a spring 31. Opening of 
the check valve 30 admits fluid under pressure to a 
chamber 32 which communicates with the valve cylin 
der and Surrounds the valve spool therein and since the 
Spool has been moved toward the left, fluid under pres 
Sure is admitted to a chamber 33 through metering slots 
illustrated in dotted lines at 34. The chamber 33 also 
communicates through a conduit 35 with the right or 
rod end of the jack 10 as shown. In the same position 
of the valve fluid necessarily exhausted from the left end 
of the jack 10 flows through line 36 into a chamber 38, 
now in communication through throttling slots with ports 
22 and outlet 24, and returns to the reservoir through conduit 13. 

Actuation of the jack in the opposite direction is ef. 
fected by movement of the spool 16 oppositely or to the 
right where throttling slots 40, one of which is shown, 
control the flow of fluid through port 22 to outlet 24. 
The course of fluid flowing to and returning from the 
jack is a reverse of that hereinbefore described, the ex 
haust from the right hand end of the jack flowing through 
conduit 35, chamber 33 and toward the exhaust port 24 through a passage 42. -- 

In accordance with the present invention, the configura. 
tion and arrangement of the metering slots 28 and 40 is 
Such as to impose a minimum of axial thrust on the valve 
Spool so that the centering spring 17 thereof need exert a 
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relatively low force in performing its function and a 
minimum operator effort is required to actuate the spool in 
either direction. The manner in which this is acconn 
plished is best understood by reference to FIG. 2 wherein 
the main body of the spool is shown as having a large 
diameter as represented by the lands 26 and 27 and a 
smaller diameter as represented by the grooves or spaces 
between the land and the metering slots 23 are shown as 
bridging these two diameters. The metering slots of the 
present invention are formed as by a cylindrical milling 
cutter moved radially inwardly with respect to the spool 
until the center thereof reaches a point 44 well within the 
greater diameter of the spool as indicated by the space B. 
The distance B and the diameter of the cutter should be 
such that a line tangent to the portion of the slot terminat 
ing in the groove between lands should form an angie C 
with the greater diameter of the spool which is approxi 
mately 59 to 65° and should be spaced a short distance 
represented by dimension. A from the end of the land, A 
representing a minimum clearance of approximately 
.032'. 
Any material variation from the configuration and dis 

position of the metering slots illustrated in FIG. 2 re 
sults in unbalance of axial flow forces acting on the spool 
requiring the use of a heavier centering spring and in 
creased operator effort. For example if the point 44 is 
disposed at or outside of the greater spool diameter, the 
slot enters the spool at the greater diameter at less than 
90 to the axis of the spool and axial flow forces tend to 
shift the spool further in the direction of its movement 
which was to the left as shown in FIG. 2. This tends to 
prevent free return of the spool to its neutral position 
when the operator's lever is released unless an excessively 
heavy centering spring is employed. With the present 
construction, inward movement of a milling cutter until 
its center reaches the point 44 forms a flat or plane sur 
face tangent to the curved portion of the slot and normal 
to the axis of the spool at the end of the slot which termi 
nates at the land. If either the dimension A or the angle 
C is reduced, the outward flow of fluid reacts against the 
end of the adjacent land again urging the spool toward 
the direction in which it has been moved. On the other 
hand, increasing the value of the angle C results in over 
compensation or unbalance of flow forces in a direction 
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which tends to return the spool toward its neutral posi 
tion. Unbalance in this direction requires increased oper 
ator effort. 

In practice, valves provided with metering slots of the 
present invention have been found to reduce the operator 
effort required to shift the spool from 20 pounds, in 
comparable valves with known types of metering slots 
and the same advantage afforded by leverage, to approxi 
mately 6 pounds with dependable operation of a centering 
Spring exerting considerably less force than those previ 
ously used. 
We claim: 
i. in a control valve having a ported bore and a spool 

with lands separated by grooves reciprocable in the bore 
for controlling fluid flow through the ports, metering slots 
bridging said lands and grooves and having a substantially 
semi-cylindrical configuration originating from a center 
disposed within a groove and spaced inwardly from the 
outer diameter of the lands. 

2. The combination of claim in which a line tangent 
to the terminal end of a slot in the groove is spaced from 
the shoulder of an adjacent land. 

3. The combination of claim 2 in which the tangent line 
is spaced at least .03 inch from the shoulder of the adja 
cent land. 

4. The combination of claim 1 in which a line tangent 
to the terminal end of a slot in the groove forms an angle 
of approximately 59 to 65° with the outer surface of 
the lands. 

5. The combination of claim 1 in which the end of the 
slot terminating in a land is a plane surface normal to 
the axis of the spool and tangent to the semi-cylindrical 
surface of the slot. 
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