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United States Patent Office 3,373,763 
Patented Mar. 19, 1968 

3,373,763 
HGH SPEED WALVES 

Robert Smilges and Joseph H. Caslow, Columbus, Ohio, 
assignors to American Brake Shoe Company, New 
York, N.Y., a corporation of Delaware 

Continuation-in-part of application Ser. No. 102,824, 
Apr. 13, 1961. This application Jan. 4, 1963, Ser. No. 
253,779 

20 Claims. (C. 137-269) 

This invention relates generally to hydraulic apparatus 
and is directed particularly to hydraulic valves which move 
rapidly in the execution of their hydraulic control func 
tions and which are adapted for service under a wide 
range of pressure and volumetric flow conditions, from 
low pressures up to high pressures of the order of 5,000 
pounds per square inch or more, for example, and at flow 
rates up to 120 gallons per minute or more. 
This application is a continuation-in-part of our co 

pending application Ser. No. 102,824, filed Apr. 13, 1961, 
and since abandoned. 
A principal objective of the present invention has been 

to provide a valve construction which is capable of high 
speed response to changes from a predetermined hydrau 
lic condition, but which is also adapted to be manufac 
tured at minimum cost in a wide variety of sizes. Prior 
to the present invention, complete hydraulic valves of 
various sizes for each predetermined type of service have 
been manufactured. Each such valve has had a multiplicity 
of parts some of which may be identical in function to 
similar parts of other valves of different flow capacities or 
of different pressure capabilities. Though of like function 
in their respective valves, similar parts of such valves have 
differed appreciably in size. For example, a hydraulic sys 
tem in which fluid flows in relatively small volume may be : 
served by, say, 34 inch valve, whereas another system in 
tended to operate at the same pressure may include a large 
hydraulic motor for which a two inch valve is required in 
order to carry the volume of fluid needed for proper op 
eration of the large motor; the two valves may thus be 
comparable in pressure rating but differ as to size. It is 
apparent that the valve manufacturer has not only had to 
maintain a large inventory of complete valves of different 
sizes but has also had to manufacture a wide variety of 
sizes of the parts needed for the assembly of each type of 
valve in the different size ranges. On this account, it is 
not practical to use the most economical types of high pro 
duction tooling suited for large quantity runs. 
The present invention contemplates a series of valves 

of different sizes, types and hydraulic functions, which 
are uniform from valve to valve as to the hydraulic con 
trol members which the valves contain, such that the criti 
cal elements which must be precisely machined, i.e., the 
movable valve members and associated parts, may be 
manufactured with the greatest economy in large produc 
tion runs. According to the invention, different valves in 
the series are characterized in that the bodies thereof, in 
cluding inlet and outlet ports, differ from valve to valve 
according to the flow requirements, pressure ratings, and 
type of mounting in the systems in which the valves are 
to be installed, but also in that the valve bodies contain 
chambers which are uniform in size from valve to valve 
regardless of body construction. Such chambers commu 
nicate with the inlet and outlet ports of the bodies and 
contain the main movable valve elements through which 
valve opening or closing is effected, which valve elements 
are likewise uniformly sized. Each valve body also con 
tains one or more fluid passageways terminating in a face 
which is adapted to receive a cap assembly containing 
pressure responsive elements through which opening and 
closing of the main valve members in the chamber of the 
body is determined to effect various control functions, and 
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Such cap elements are usable with all of the valve bodies 
of the series regardless of their individual characteristics. 
By this means it is apparent that a valve manufacturer 
is enabled to establish large production runs on pieces of 
uniform size and thereby eliminate the inefficiency in 
volved in short production runs of a wide variety of 
pieces. 

In order to enable these concepts of economy to be 
utilized, however, it is essential that valve structure be 
provided in which the valve element serving the inlet and 
outlet ports of the largest valve in the series will respond 
uniformly and satisfactorily when controlling much lower 
flow rates or much lower pressures or both. Heretofore, 
the reason the various operating parts of valves have been 
proportioned in size according to the service requirements 
the valves were expected to meet has been that a valve 
structure suitable for handling large volumes of fluid at 
high pressure would not be equally capable of serving 
much smaller volumes of fluid or fluid at much lower 
pressure or vice versa. 

Thus, a second important aspect of this invention is 
a valve structure which, without variation in the size of 
its main operating elements, has been found to display the 
ability to respond uniformly and reliably to widely dif 
ferent flow rates and pressures. More specifically, this in 
vention is predicated in part upon a valve construction in 
which a high rate of response is obtained upon variation 
of pressure from a predetermined condition whether the 
flow rate or pressure is large or small. According to this 
invention, the chambers of all the valve bodies of the 
series, and the main valve members contained in such 
chambers, are sufficiently large to accommodate the maxi 
mum flow and pressure expected of the largest valve of 
the series, but are so constructed that they are equally 
capable of accommodating the smallest flow at the lowest 
pressure expected to be served by the smallest valve of 
the series. 

In more particular detail, the objective of this invention 
has been to provide a valve having a chamber communi 
cating with inlet and outlet ports, a valve member movable 
in the chamber and having an endwise portion forming a 
closure with the inlet port for limiting escape of fluid from 
the outlet port thereof, but also movable to open position 
in response to variation of pressure from some predeter 
mined pressure. The valve member is biased to closed 
position when the predetermined pressure condition exists, 
but is maintained in hydraulic balance by pressure exerted 
at the end thereof opposite the seating end, through fluid 
admitted thereto through a passage. The relief of fluid 
pressure from this end of the valve is provided by con 
trol elements responsive to pressure, which elements are 
contained in a cap, as subsequently described. The in 
vention thus provides a valve capable of being used within 
a wide range of requirements, and this characteristic, in 
turn, enables a level of standardization of manufacture 
which has not heretofore been possible. 
The valve members of a valve in accordance with 

this invention are so configurated that in open position, 
the movable valve member is in substantial hydraulic 
balance but in closed position presents an area to closing 
pressure slightly exceeding, preferably by about 0.5% 
to about 6% or more, the area which it then presents 
to opening pressure. The movable valve member is 
preferably in the form of a cylinder having a conical 
taper at its seating end, the taper forming an angle 
greater than about 10 and less than about 30 with 
the axis of the cylinder. 
Another objective of this invention has been the pro 

vision of optional means in the valve for preventing the 
valve from opening in response to an excess of pressure 
at its outlet port with respect to its inlet port, whereby 
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the valve is adapted for use in systems wherein the valve 
is subjected to reversed pressure conditions. 

Valves constructed in accordance with the foregoing 
principles are illustrated in the accompanying drawings 
in which: 
FIGURE 1 is a vertical cross-section of a 5,000 p.s.i. 

34-inch relief valve embodying the principles of the in 
vention, including a body adapted to be subplate mounted, 
closure-forming members received by a chamber in the 
body, and a cap which is mounted to the body and 
which contains a pilot valve whereby the main closure 
forming members are caused to release or relieve pres 
sure in excess of a predetermined value; 
FIGURE 2 is a vertical cross-section of the body 

of a 5,000 p.s. i. 34-inch threaded valve which is adapted 
for use with the cap and closure-forming members shown 
in FIGURE 1; 
FIGURE 3 is a vertical cross-section of the body of a 

5,000 p.s. i. 2-inch flange mounted valve which is adapted 
for use with the cap and closure-forming members shown 
in FIGURE 1; 
FIGURE 4 is a vertical cross-section of the body of a 

5,000 p.s. i. 2-inch subplate mounted valve which is 
adapted for use with the cap and closure-forming mem 
bers shown in FIGURE 1; 
FIGURE 5 is a vertical cross-section of a 5,000 p.s.i. 

%-inch sequence valve including a body adapted to be 
Subplate mounted, closure-forming members similar to 
those shown in FIGURE 1, and a cap structure which 
is generally similar to that of FIGURE 1 but which is 
modified to cause the main closure-forming members 
to open at a predetermined pressure and direct flow at 
substantially that pressure to an outlet; 
FIGURE 6 is a vertical cross-section of a 5,000 p.si. 

1/2-inch unloader valve including a body adapted to 
be subplate mounted, closure-forming members similar 
to those shown in FIGURES 1 and 5, and a cap structure 
mounted to the body which contains a pilot valve where 
by the main closure-forming members are caused to 
open at a predetermined control pressure which is in 
dependent of the pressure acting on the main closure 
members; 
FIGURE 7 is a vertical cross-section of a 3,000 p.s. i. 

%-inch relief valve including a body adapted to be sub 
plate mounted, closure-forming members of the type 
shown in FIGURES 1, 5 and 6 which are received in 
a chamber formed in the body, and a cap structure 
mounted to the body which contains a pilot valve whereby 
the main closure members are caused to relieve pressure 
in excess of a predetermined value; 
FIGURE 8 is a vertical cross-section of the body of 

a 3,000 p.s. i. 34-inch threaded valve which is adapted 
for use with the cap and closure-forming members shown 
in FIGURE 7; 
FIGURE 9 is a vertical cross-section of the body of 

a 3,000 p.s. i. 1/2-inch subplate mounted valve which is 
adapted for use with the cap and closure-forming mem 
bers shown in FIGURE 7; 
FIGURE 10 is a vertical cross-section of the body of 

a 3,000 p.s. i. 1/2-inch threaded valve which is adapted 
for use with the cap and closure-forming members 
shown in FIGURE 7; 
FIGURE 11 is a vertical cross-section taken on line 

11-11 of FIGURE 10; 
FIGURE 12 is an enlarged cross-section of a portion of 

the main closure-forming elements illustrating a preferred 
construction thereof in accordance with the invention; and 
FIGURE 13 is a vertical cross-section of a relief valve 

embodying the principles of the invention and including 
novel check valve means incorporated in a sandwich 
plate between the valve body and cap, whereby the 
valve is prevented from opening in response to an excess 
of pressure at its normal outlet port. 

All of the valve bodies illustrated in FIGURES 1-11 
receive main closure-forming elements of the type shown 
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in FIGURE 1 and described more fully hereinafter, 
whereby those elements can be used in valves of various 
pressure ratings, flow capacities, and mountings. More 
over, these valve bodies may be fitted with any of several 
different cap structures to provide, with slight modifica 
tion of the body, various control functions. 
For example, the valve bodies illustrated in FIGURES 

1-6 are capable of handling pressures up to 5,000 p.s. i., 
while the valve bodies shown in FIGURES 7-11 are cap 
able of handling lesser pressures up to 3,000 p.s. i. The 
bodies of FIGURES 1, 2, 5, 7, and 8 are for use with 34. 
inch piping, the bodies of FIGURES 6, 9, 10 and 11 are 
for use with 1/2-inch piping, while FIGURES 3 and 4 
illustrate valve bodies for use with two inch piping. Vari 
ous types of mounts are illustrated, the valve bodies of 
FIGURES 1, 4, 5, 6, 7, and 9 being adapted for mounting 
to a conventional subplate, those of FIGURES 2, 8, 10 
and 11 being adapted to receive threaded piping, while the 
valve body shown in FIGURE 3 is for flange mounting. 
The cap structures shown in FIGURES 1 and 7 provide 
relief valve control function, while the cap structures 
shown in FIGURES5 and 6 respectively provide sequence 
and unloader control functions. As previously explained, 
by reason of this inter-changeability of parts the valve 
manufacturer is enabled to supply a series of valves for 
different requirements by producing relatively few com 
ponents. 

In FIGURE 1, a relief valve is shown which includes 
a body 20 having an internal chamber 21 in the form of 
a central downwardly extending bore. Chamber 21 com 
municates coaxially at its lower end with an inlet port 22, 
and communicates laterally with an outlet port 23. Outlet 
port 23 curves downwardly from chamber 21 and extends 
to the flat lower face 24 of body 20 at a position spaced 
from inlet port 22. A vertical passage 25 extends between 
the lower face 24 and the upper face 26 of body 20, and 
communicates with inlet port 22 through a transverse 
passage 27. This passage 27 is closed at its outer end by 
a plug 30, and is provided with a reduced orifice 31 be 
tween vertical passage 25 and inlet port 22. The flat lower 
surface 24 of body 20, which inlet port 22, outlet port 
23 and vertical passage 25 meet at spaced positions, is 
adapted to be fitted to a standard subplate mount provided 
on hydraulic equipment or piping, fluid seals being pro 
vided by appropriate means such as the O-rings shown. 
A cylindrical groove 32 is formed in chamber 21 adja 

cent outlet port 23. A sleeve 33 is fitted into chamber 21 
and is held therein by the cap structure to be described. 
This sleeve 33 is provided with an internal groove 34 
from the lower wall of which a seat 35 having the form 
of a right angular shoulder extends inwardly adjacent inlet 
port 22. Groove 34 in sleeve 33 communicates with groove 
32 of chamber 21 through spaced ports 36. The internal 
angular edge of the shoulder presented by seat 35 cooper 
ates in line contact with a movable poppet or piston 37 
more fully described hereinafter to form a valve between 
inlet port 22 and groove 34. Groove 34 in turn communi 
cates through ports 36 to outlet port 23. 

Cylindrical poppet 37 is slidably received within sleeve 
33. Poppet 37 is provided with a downwardly extending 
bore 40, and a plug 41 is threaded into an opening at the 
lower end of poppet 37. As is best shown in FIGURE 12, 
the peripheral lower edge 42 of poppet 37 is conically 
tapered or angulated, preferably at an angle of about 10 
to about 30 with respect to the axis of the poppet. An 
angle of about 20 is most advantageous. This angulated 
Surface 42 cooperates in line contact with the edge of 
Seat 35 to from a valve. 

Spaced circumferential grooves 43 are formed around 
the upper portion of poppet 37 to form a sliding seal with 
sleeve 37. A low-rate spring 44 is disposed in the internal 
chamber 45 within poppet 37 and urges the poppet toward 
the position shown, in which surface 42 bears upon seat 35 
in line contact therewith. Spring 44 may, by way of exam 
ple, urge poppet 37 toward closed position with a force in 
the range of 30 to 50 pounds, although this is not critical 
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We have empirically determined that the operation of 
the valve is substantially improved, particularly in respect 
to reduction of leakage, if the cross-sectional area of 
poppet 37 is about 0.5% to about 6% greater than the 
internal area within the edge of seat 35. Otherwise put, the 
operation of the valve is improved if when the valve is 
closed the downwardly acting force of hydraulic fluid in 
chamber 45 within sleeve 33 above the poppet is slightly 
greater than the upwardly-acting force of fluid at like pres 
sure on the lower fact of poppet 37, whereby a slight net 
closing force will then exist. When valve 35, 42 is open, 
however, the upwardly and downwardly facing areas of 
poppet 37 exposed to pressure will be equal, so that the 
poppet will then be in substantial hydraulic balance. 

Because of the relatively large line of contact of poppet 
face 42 with seat 35, slight upward axial motion of the 
poppet presents a relatively large orifice area through 
which fluid can pass. The poppet travel required to pass 
a large flow of fluid is not much greater than that required 
to pass a small flow, whereby valve response is substan 
tially similar regardless of flow. Tests have confirmed that 
valves embodying this construction are substantially im 
mune to variation in response with velocity change and, 
moreover, do not evidence "wire drawing.” 
By reason of the differential of the valve area subjected 

to closing pressure over the area subjected to opening pres 
Sure when the valve is closed, a net fluid force acts to hold 
the valve closed, in addition to the force of spring 44, and 
this force increases with the pressure tending to open 
the valve. Thus, the greater the opening pressure, the more 
tightly the valve is held closed, so that leakage at high 
pressures is reduced. At low pressures, however, the force 
tending to hold the valve closed is also low so that no 
large unbalanced forces are applied to the edge of seat 35. 
When the valve is open, the areas subjected to opposing 
pressures are equal, the valve is in hydraulic balance, and 
is biased only by spring 44, so that it can readily respond 
to pressure changes. 
We have also found that a taper angle of more than 

about 10 and less than about 30° contributes to the 
feasibility of using a standard size poppet and sleeve in 
a range of valve bodies. Tests have shown that with an 
angle of about 10, the poppet travel required for full 
flow is too great to permit satisfactory use of the poppet 
in a valve of large flow capacity. On the other hand, an 
angle of about 30 tends to cause valve chatter at high 
pressures. We prefer that the angle be about 20, at 
which the standard poppet and sleeve perform well in all 
of the various bodies to be described. 
A cap 50 containing structure which comprises a pilot 

valve is mounted to the upper face 26 of body 20 by 
means of screws not shown and closes the open upper 
end of chamber 21. Cap 50 has a horizontal bore 51. 
formed in it which is closed at one end by a plug 52. 
Vertical passage 25 of body 20 communicates with bore 
51 through a bore 53. Another vertical passage or bore 
54 extends between the upper end of chamber 21 and 
bore 51 in the cap, and includes a restricted orifice insert 
55. Another vertical passage 56 communicates from bore 
51 to a bore 57 in body 20 which in turn communicates 
with outlet port 23. Fluid seals between body 20 and cap 
50 are provided at all of these passageways by means of 
suitable gaskets such as the O-rings shown. 

Between bores 53 and 54 in bore 51 there is dis 
posed a sleeve 60 and a guide bushing 61 which con 
tains a reciprocable piston 62. A pilot valve seat 63 is 
fitted into bore 51 against a step or shoulder therein. 
Valve seat 63 is engaged by conical valve element 64 
which is urged toward seat 63 by a coil spring 65 dis 
posed between valve element 64 and a spring adjustment 
screw 66 which is threaded into a collar 67 secured to 
cap 50 at the end of bore 51. 
The piston 62 received in guide bushing 61 serves in 

the operation of valve 63, 64 to assist in moving valve 
element 64 away from seat 63. This piston 62 has a 
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restricted passage 70 formed therethrough to establish 
limited communication between section 71 of bore 51 
which is to the left of bushing 61, and section 72 of bore 
51 which is between bushing 61 and seat 63. The re 
stricted passage 70 in piston 62 also provides for a pres 
sure drop between opposite ends of the piston when fluid 
is permitted to flow past valve element 64. The right end 
of bushing 61 is reduced so that bore 54 communicates 
with section 72 of bore 51. 
When fluid pressure is applied to the lower face 73 

of poppet 37 at inlet port 22, some of this fluid will flow 
in transverse passage 27 through orifice 31 into vertical 
passage 25 and communicating passage 53 into section 
7 of bore 51 which is to the left of guide bushing 61. 
Some of this fluid flows through restricted passage 70 
in piston 62 to section 72 of bore 51 between guide bush 
ing 61 and seat 63, and through vertical passageway 54 
and orifice 55 into the chamber 45 above the lower end 
of poppet 37. This fluid is substantially at the pressure of 
fluid at inlet port 22. The unbalance of opposing hy 
draulic forces due to the difference in poppet areas acted 
on by fluid pressure, together with the downward force 
of spring 44, maintains valve 35, 42 closed. 
As the pressure in the system increases, it tends in 

creasingly to force valve element 64 away from seat 63 
against the counteracting force of spring 65. When the 
pressure becomes so high that the fluid forces acting on 
valve element 64 at seat 63 overcomes the preadjusted 
force of spring 65, valve element 64 is pushed slightly 
away from the seat 63, and fluid flows from the space 
72 in bore 51 between guide bushing 61 and seat 63 
to the section 74 on the other side of seat 63, from which 
it is exhausted through bores 56 and 57 to outlet port 
23, which in a typical system would be connected to a 
fluid reservoir or tank. The flow of fluid through re 
stricted bore 70 in piston 62 causes a differential in pres 
Sure between the ends of piston 62 to be established. In 
response to the differential in pressures acting on its end 
faces, piston 62 is moved toward seat 63 forcing valve 
element 64 still further from the seat, so that an outlet is 
thereby provided for fluid in chamber 45 above the lower 
end of poppet 37. As this pessure is released, the now 
relatively high fluid pressure at the lower end 73 of 
poppet 37 rapidly moves the poppet upwardly, whereby 
valve 35, 42 is opened and the pressure at inlet port 22 
is released. 
When the fluid pressure in chamber 71 drops sufficient 

ly the force tending to move piston 62 and valve ele 
ment 64 to open position will be reduced to a point at 
Which spring 65 can force valve element 64 back into 
engagement with seat 63. This action will close the out 
let from chamber 45, and the fluid pressure therein will 
quickly build up to the same pressure obtaining below 
poppet 37 at inlet port 22. As these pressures approach 
equalization, Spring 44 and fluid pressure in chamber 45 
will cause the poppet to move downwardly to effect the 
closure of valve 35, 42. 

It Will be seen from the foregoing that the precise 
pressure at which valve 35, 42 opens to relieve pressure 
at inlet port 22 is determined by the force applied 
through spring 65 to valve element 64. This force is 
determined by the compression of the spring, which may 
be regulated by adjusting screw 66 in collar 67. 

In FIGURE 2 there is shown a valve body 68 which 
differs from the valve body 20 shown in FIGURE 1 
in that the valve body 68 shown in FIGURE 2 is adapted 
to receive threaded piping. Apart from the difference in 
the type of interconnection to hydraulic equipment for 
which it is adapted, however, the valve body shown in 
FIGURE 2 is generally similar to the valve body shown 
in FIGURE 1, and includes an inlet port 74 which com 
municates with a chamber 75, a lateral outlet port 76, 
a transverse bore 77 and vertical bores 80 and 81 which 
communicate from the flat upper face 82 of body 68 
to transverse bore 77 and chamber 75 respectively. 
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Chamber 75 is provided with a groove 83 which corre 
sponds with groove 32 of body 20 shown in FIGURE 1, 
and is adapted to receive a sleeve and poppet assembly 
similar to those designated by 33 and 37 respectively. 
in FIGURE 1. Body 68 is adapted to receive the cap 50 
shown in FIGURE 1 or the caps shown in FIGURES 5 
and 6 which are described more fully hereinafter, bores 
80 and 81 and chamber 75 of body 68 being so spaced 
as to communicate with the bores 53, 54 and 56 of cap 
50 when the cap is mounted to the body. The valve body 
68 shown in FIGURE 2 makes it possible, in effect, to 
convert the subplate mounted relief valve of FIGURE 1. 
into a threaded relief valve simply by inserting the sleeve 
33 and poppet 37 in chamber 75, mounting the cap on 
the upper surface 82 of the body, and inserting an ori 
fice and plug corresponding to orifice 31 and plug 30 
of FIGURE 1 into the body. 
FIGURE 3 illustrates another type of valve body which 

is adapted for flange mounting to hydraulic pipe and 
which is adapted to receive the same sleeve and poppet 
shown in FIGURE 1 and a cap such as shown in FIG 
URES 1, 5 and 6. Whereas the valve bodies shown in 
FIGURES 1 and 2 are for use with 34-inch pipe, how 
ever, the valve bodies of FIGURES 3 and 4 are adapted 
for use with two inch pipe, even though they will receive 
the same sleeve, poppet, and caps as valves of smaller 
capacity. This interchangeability of parts in valves of 
different capacities is possible because the sleeve and pop 
pet shown in FIGURE 1 are just as effective in their 
ability to handle the larger flows delivered by two inch 
pipe, for example, as they are in controlling the smaller 
flows delivered by 1% and 34-inch pipe. Specifically, valve 
response to Sudden pressure increases or decreases is 
Substantially similar regardless of the flow passing through 
the valve. 

In FIGURE 5 there is shown a valve generally similar 
to the valve shown in FIGURE 1 in overall construc 
tion, but which is adapted to function as a sequence valve 
through minor changes in the cap structure. The body, 
sleeve and poppet of this valve are the same as those 
shown in FIGURE 1, but passage 70 of piston 62 is 
closed by a plug 90, bore 56 is closed by a plug 91, and 
horizontal bore 51 is provided with an outlet 92 which, 
in operation of the valve, would normally be connected 
to tank. Transverse or radial inlets 79 are formed in piston 
62 adjacent to plugged left end thereof, opening inwardly 
into passage 70. 
The valve of FIGURE 5 is adapted to function as a 

sequence valve which will open at a specific inlet port 
pressure to direct flow to the outlet port at that pressure. 
In the operation of the valve, fluid pressure at inlet port 
22 is applied to the underside 73 of poppet 37 and, through 
bore 27, orifice 31, passage 25, bore 53, and the trans 
verse inlets 79 into passage 70, to the end of conical 
valve element 64. When inlet pressure rises to that point 
at which the force applied to the conical valve element 
64 overcomes the force of spring 65, valve element 64 
is moved away from seat 63 and the piston 62 follows the 
movement of element 64 and the transverse inlets 79 to 
passage 70 in piston 62 are closed by the guide bushing 61 
whereupon the pressure acting upon the closed end 90 
assumes control of element 64 and holds it off its seat 63. 
When this occurs, pressure in chamber 45 above poppet 
37 quickly drops. The balance of forces acting on poppet 
37 then causes the valve 37, 42 to open, so that fluid 
flows without substantial pressure drop to outlet port 23. 
When pressure acting on the plugged end 90 of piston 
62 drops below a value determined by the compression 
of spring 65, the piston 62 is moved to the left by spring 
65 and opens the transverse inlets 79 to passage 70 where 
by pressure inside of spool 37 in chamber 45 rapidly rises 
due to flow through orifice 31, passages 25 and 53, sec 
tion 71 of bore 51, passage 70 in piston 62, and orifice 
55, until it equals inlet pressure. Spring 44 then causes 
valve 42, 35 to close. The relief valve of FIGURE 1 thus 

O 

20 

25 

30 

40 

45 

50 

55 

60 

65 

70 

8 
may be converted into a sequence valve simply by mount 
ing a cap of the type shown in FIGURE 5 on the body 
20. This cap may alternatively be used on any of the 
other bodies shown in FIGURES 1-6 to provide a se 
quence control function. 
The valve shown in FIGURE 6 is an unloader valve 

which opens to release pressure at its inlet port when 
a control pressure, which may be different than the inlet 
pressure, exceeds a predetermined value. This valve in 
cludes a body 100 which receives the same main valve 
elements as the submount valve body 20 shown in FIG 
URES 1 and 5, but which is adapted for use with 1/2 
inch pipe. Specifically, both inlet port 101 and outlet port 
102 are larger than the corresponding ports 22 and 23 
of the valve shown in FIGURE 5, and the body is de 
signed to withstand the greater forces to which it is sub 
jected under the greater volume of fluid it handles. 
A plug 103 fitted into bore 104 isolates vertical pas 

sage 105 from inlet port 101. The valve cap 106 differs 
from the cap structure 50 shown in FIGURE 1 in that 
the piston 107 mounted by guide bushing 110 is solid, 
and in that the movable valve element comprises a free 
spherical ball 111 which is centered by a spring-loaded 
member 112. The section of bore 51 between guide bush 
ing 110 seat 63 communicates with chamber 45 above 
poppet 37 through orifice 55, and the chamber 74 to the 
right of seat 63 communicates with outlet bore 57 through 
bore 56. 
The operation of the unloading valve is as follows: 

when the control pressure applied to the left end of piston 
107 through vertical passage 105 is low, spring 65 holds 
ball valve 11 against seat 63. The pressure below poppet 
37 is reflected in chamber 45 above poppet 37 through 
orifice 113, spring 44 holding poppet 37 in closing rela 
tion with seat 35. When the control pressure becomes 
great enough to cause piston 107 to push ball 111 away 
from seat 63, the pressure above poppet 37 quickly drops, 
causing the valve 35, 42 to open. The valve remains in 
open position as long as the control pressure in chamber 
71 is high enough to hold pilot valve 63, 111 open, regard 
less of the pressure at inlet port 101. When the pressure 
of fluid in chamber 71 is insufficient to overcome the force 
of spring 65, valve 63, 111 is closed, and the pressure 
in chamber 45 above poppet 37 rapidly builds up through 
orifice 113 until it substantially equals the pressure at inlet 
port 101, whereupon spring 44 closes valve 35, 42. 

In FIGURES 7 through 11 there are shown several 
valves and valve bodies embodying the principles of the 
invention but which differ from the valves and valve 
bodies shown in FIGURES 1 through 6 in that they are 
designed to operate at pressures up to only 3,000 p.s.i. 
In each instance the various valve bodies are designed to 
accommodate the standard sleeve 33 and poppet 37 but 
are somewhat less heavily constructed at critical points as 
the fluid forces to which they are subjected are not as 
great. 
The cap 20 of the valve shown in FIGURE 7 includes 

pilot valve structure whereby the valve 35, 42 is caused 
to function as a relief valve. This cap valve structure 
differs from that of FIGURES 1, 5 and 6 in that it does 
not include a push-off piston. Fluid pressure below pop 
pet 37 is applied through orifice 92 to chamber 45 above 
poppet 37, spring 44 holding the poppet in contact with 
seat 35. Fluid at this same pressure is also applied through 
orifice 121 to the left end of valve element 64 tending 
to urge that element away from its seat 63. When the 
fluid pressure rises to a point such that the hydraulic 
force tending to open valve 63, 64 exceeds the force of 
spring 65, which is determined by the setting of adjusting 
screw 66, valve element 64 is moved away from its seat 
63, so that the pressure above poppet 37 drops, since 
chamber 74 to the right of seat 63 is connected to outlet 
port 23 through communicating passages 122 and 123 
in the valve cap and body respectively. Flow from inlet 
port 124 through orifice 92 tending to reduce the low 
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pressure in chamber 45 is restricted by the narrow size 
of orifice 92, and the valve 35, 42 remains open as long 
as the force exerted by fluid in chamber 125 on valve 
element 64 is greater than the force of spring 65. The 
valve remains in this condition until pressure applied at 
inlet port 124 drops below a predetermined value. 

In FIGURES 8-11 are illustrated various types of 
valve bodies capable of handing pressures up to 3000 
p.s. i. at various flow rates when fitted with standard 
closure forming members 33, 37 and a cap 120 such as 
that shown in FIGURE 7. It will be appreciated that the 
cap 120 can be modified to provide a sequence or un 
loader control function by modification as above de 
scribed in connection with FIGURES5 and 6. High speed 
response is achieved in all these valves. 
By reason of the previously described difference in 

the areas of poppet 37 which are acted upon by opposing 
pressures when the valve is closed, it is possible that if 
the pressure at outlet port 23 should exceed the pressure 
at inlet port 22, a valve of the type shown in FIGURE 1 
might open and permit reverse flow. This may be ex 
plained by a specific illustration. If the force of spring 
44 is about 50 pounds, and if the differential in areas is 
about 3%, and further if the cross-sectional area of the 
spool is one square inch, then an excess of pressure at 
outlet port 23 over the pressure at inlet port 22 will act 
upwardly on an area of .03 square inch. If the pressure 
at port 22 is atmospheric pressure and the pressure at 
port 23 is about 1670 pounds, then the unbalanced open 
ing pressure will be in excess of 50 pounds and will ex 
ceed the closing force of 50 pounds applied by the spring, 
causing the valve to open. 

For this reason, if the valve is to be used in a circuit 
in which it is likely to be subjected to reversed pressure 
conditions, that is, conditions in which pressure at port 
23 which is greater than the pressure at port 22, we 
prefer to use a valve wherein the area difference is of 
the order of about 0.5-1%. When the area differential is 
in this range, the unbalanced pressure at port 23 tending 
to open the valve will not supply a very large force in 
relation to the force of spring 44. Actual tests have dem 
onstrated that at pressures up to about 5000 p.s.i. the 
valve will not open where the area differential is about 
.67%. Those skilled in the art will realize that similar 
results might also be effected by using a spring 44 of 
greater force, but that is undesirable inasmuch as it tends 
to make the operation of the valve more sluggish. 
FIGURE 13 illustrates a valve in accordance with this 

invention which includes alternative means in the form 
of check valves whereby it is adapted for use in a system 
in which the pressure conditions may become reversed. 
The check valve means of the valve shown in FIGURE 
13 enable any valve in accordance with this invention 
to be used under reverse pressure conditions, regardless 
of the area differential of the poppet or of the force of 
the spring. 

In the past it has occasionally been necessary to utilize 
a separate check valve connected to the outlet port, to 
permit flow from the outlet port but not toward the outlet 
port, so that an excess of pressure in the outlet line.would 
not be reflected past the check valve to the poppet to 
tend to cause the valve to open. However, such check 
valves necessarily carried the full flow of the valve, and 
on that account were quite large and bulky and were 
undesirable where space was at a premium. 
The novel check valve means we have invented are 

very compact, and preferably are fitted as an integral part 
of the valve in the form a sandwich plate between the 
upper face 26 of the valve body 20 and the lower surface 
of cap 50. 
FIGURE 13 illustrates a preferred embodiment of a 

check valve means in accordance with this aspect of our 
invention. This valve includes a check valve permitting 
flow from the inlet port to chamber 45 but not in the re 
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from the outlet port to chamber 45, but not in the reverse 
direction. 
The valve body 20 and each of the elements contained 

therein may conform, for purposes of description, to the 
valve body previously described in connection with FIG 
URE 1, although the principles of this aspect of the 
invention are not limited to that valve body alone but in 
fact are also equally applicable to the other valve bodies 
shown in the other figures. Similarly, the control cap 50 
corresponds to the cap illustrated in FIGURE 1, and 
enables the valve to function as a relief valve. 
The check valves are advantageously contained in a 

sandwich plate 125, having parallel upper and lower sur 
faces, which is secured between the cap 50 and valve 
body 20 by suitable fastening means not shown. A hori 
Zontal bore 126 in the cap is intersected at its right end 
by a vertical bore 127 which communicates with vertical 
bore 57 of the valve body and with vertical bore 56 
of the cap. A second vertical bore 128 intersects horizontal 
bore 126 of the sandwich plate adjacent its left end, and 
communicates between vertical passage 25 of the valve 
body and vertical bore 53 of the cap 50. A third vertical 
bore 129 in the sandwich plate communicates from bore 
54 of the cap to the chamber 45 above spool 37 in the 
valve body, but this bore 129, which is indicated by 
dashed lines in FIGURE 13, does not intersect bore 126. 
A ball seat element 131 is fitted in bore 128 of the 

sandwich plate, and this ball seat element includes a 
downwardly sloping shoulder surface 132 with which a 
ball 133 coacts to form a check valve permitting flow 
from bore 25 to bore 126 but not in the reverse direc 
tion. 
At the right end of bore 126 a ball seat element 135 

is secured. This ball seat element has an axial bore which 
includes a restrictor or orifice 136. A plug 137 is threaded 
in bore 126 and bears against the right end of ball seat 
element 135 holding that element against a shoulder in 
bore 126. Radial ports 138 extend from the axial bore in 
bail seat elements 135 to vertical passageway 127. A 
shoulder surface 140 is formed at the left end of re 
strictor 136, and a ball 141 coacts with the shoulder 
surface 140 to form a check valve permitting flow from 
bore 127 toward bore 128 but not in the reverse direc 
tion. 
When the pressure at the valve inlet port 22 is greater 

than the pressure at outlet port 23, this pressure is re 
flected through restrictor 31, vertical passageway 25, 
through the open check valve 132, 133 in vertical bore 
28, through vertical bore 53 to the pilot valve in the 

cap, and the pilot valve functions in the previously de 
scribed manner. Check valve 140, 141 is closed and pre 
vents flow from bore 126 to the outlet port. When the 
pressure at port 22 exceeds the value at which the pilot 
valve 63, 64 is set to open, that valve opens and re 
leases the excess fluid to vertical passageways 56,127 and 
57, to the low pressure port 23. 
When the pressure at the normal outlet port 23 ex 

ceeds the pressure at port 22, the pressure is reflected up 
Wardly through passageways 57 and 127 into bore 126. 
The check valve 140, 141 in the sandwich plate permits 
flow from bore 57 to bore 53 and this pressure is applied 
through piston 62 to passageways 54 and 129 into chamber 
45. Check valve 132, 133 prevents flow from bore 126 to 
port 22. The fluid in chamber 45 is thus trapped, and 
cannot be displaced to permit the spool to lift regardless 
of the excess of fluid force tending to open the valve. 
One of the advantages of this construction is that the 

main flow of the valve does not pass through the check 
valves in the sandwich plate, thereby enabling check 
valves of small size to be utilized, in comparison with 
past arrangements wherein the full flow of the valve un 
der normal conditions did pass through the check valve. 

It is contemplated that the check valve means we have 
invented may be used alternatively to the valve con 

verse direction, and a second check valve permitting flow 75 struction previously described wherein the area differ 
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ential was small enough in relation to the size of the spring 
that the valve would not tend to open under expected 
reverse pressure conditions. 
While the preferred embodiment of the invention has 

been described herein, the invention is not limited to 
that form alone but includes other modifications and 
embodiments within the scope of the claims which fol 
low. 
We claim: 
i. A valve comprising, a valve body, said body present 

ing a cylindrical chamber therewithin, an inlet port enter 
ing said chamber at one end thereof, an outlet port ex 
tending laterally from said chamber, a cylindrical valve 
member slidably received in said chamber, said valve 
member having a diameter larger than that of said inlet 
port and having an endwise portion seating in edge con 
tact against said inlet port, elastic means biasing said 
valve member toward said inlet port, a restricted fluid 
passage communicating between said inlet port and said 
chamber at the end of said valve member is opposite to 
said endwise portion, the area of said valve member 
which is subjected to pressure in said chamber at the 
end of said valve member opposite to said endwise por 
tion being greater by about 0.5 to about 6 percent than 
the area of the endwise portion of said valve member 
which is subjected to pressure at said inlet port when 
said valve is closed, and a pilot valve adapted to release 
pressure in said chamber at the end of said valve mem 
ber which is opposite to said endwise portion when pres 
sure in said chamber equals a predetermined value. 

2. A valve comprising, a valve body, said body present 
ing a cylindrical chamber there within, an inlet port en 
tering said chamber axially at one end thereof, said in 
let port presenting a sharp annular seating edge, an out 
let port extending laterally from said chamber, a cylin 
drical valve member slidably received in said chamber, 
said valve member having a conically tapered endwise 
portion seating in line contact against said edge, elastic 
means biasing said valve member toward said edge, flow 
restricting passage means reflecting pressure at Said inlet 
port into said chamber at the end of said valve member 
which is opposite to said endwise portion, the area of 
said valve member which is subjected to pressure in said 
said chamber at the end of said valve member opposite 
to said endwise portion being greater by at least about 0.5 
to about 6 percent than the area within said seating edge, 
and adjustable pilot valve means releasing excess pres 
sure in said chamber at the end of said valve member 
which is opposite to said endwise portion when the pres 
Sure in said chamber equals a predetermined value, said 
valve member being in substantial hydraulic balance when 
said valve member is open and being subjected to a net 
closing pressure when closed which is proportional to 
the pressure at said inlet port. 

3. A valve comprising, a valve body, said body present 
ing a cylindrical chamber therewithin, an inlet port enter 
ing said chamber at one end thereof and presenting an 
annular seat, an outlet port extending laterally from said 
chamber, a cylindrical valve member slidably received in 
said chamber, said valve member having a first endwise 
portion seating against said seat of said inlet port and a 
second endwise portion in said chamber opposite thereto, 
elastic means biasing said valve member toward said in 
let port, a flow restricting fluid passage communicating 
between said inlet port and said second endwise portion 
of said valve member, the area of said second endwise 
portion being greater by about 0.5 to about 6 percent 
than the area of said first endwise portion of said valve 
member which is subjected to pressure at said inlet port 
when said valve is closed, and a pilot valve adapted to 
release excess fluid under pressure acting on said second 
endwise portion of said valve member when pressure at 
said inlet port equals a predetermined value. 

4. A valve comprising, a valve body, said body present 
ing a cylindrical chamber therewithin, an inlet port en 
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tering said chamber at one end thereof, said inlet port 
presenting a sharp annular seating edge, an outlet port 
extending laterally from said chamber, a cylindrical valve 
member slidably received in said chamber, said valve 
member having a conically tapered endwise portion seat 
ing in line contact against said seating edge, said tapered 
portion forming an angle of more than about 10 and 
less than about 30 with the axis of said cylindrical valve 
member, elastic means 'biasing said valve member toward 
said inlet port, a restricted fluid passage communicating 
between said inlet port and said chamber at the end of 
said valve member which is opposite to said endwise por 
tion, the area of said valve member which is subjected to 
pressure in said chamber at the end of said valve mem 
ber opposite to said endwise portion being greater by at 
least about 0.5 to about 6 percent than the area within 
said Seating edge, and adjustable pilot valve means releas 
ing pressure in said chamber at the end of said valve 
member when said pressure in said chamber equals a 
predetermined value. 

5. A valve comprising, a valve body, said body present 
ing a cylindrical chamber therewithin, an inlet port enter 
ing said chamber at one end thereof, said inlet port pre 
Senting a sharp annular seating edge, an outlet port ex 
tending laterally from said chamber, a cylindrical valve 
member slidably received in said chamber, said valve 
member having a conically tapered endwise portion seat 
ing in line contact against said seating edge, said tapered 
portion forming an angle of about 20 with an axis of 
said cylindrical valve member, elastic means biasing said 
valve member toward said inlet port, a restricted fluid 
passage communicating between said inlet port and said 
chamber at the end of said valve member which is oppo 
site to said endwise portion, the area of said valve mem 
ber which is subjected to pressure in said chamber at the 
end of Said valve member opposite to said endwise portion 
being greater by at least about 0.5 to about 6 percent 
than the area within said seating edge, and adjustable 
pilot valve means releasing pressure in said chamber at 
the end of Said valve member when said pressure in said 
chamber equals a predetermined value. 

6. A valve comprising, a valve body, said body present 
ing a cylindrical chamber therewithin, an inlet port enter 
ing said chamber axially at one end thereof, said inlet 
port presenting a sharp annular seating edge, an outlet 
port extending laterally from said chamber, a cylindrical 
valve member slidably received in said chamber, said 
valve member having a conically tapered endwise portion 
Seating in line contact against said edge, a spring biasing 
said valve member toward said edge, a restricted fluid 
paSSage communicating between said inlet port and said 
chamber at the end of said valve member which is oppo 
site to said endwise portion, the area of said valve mem 
ber which is subjected to pressure in said chamber at the 
end of Said valve member opposite to said endwise portion 
being greater by about 0.5 to 1 percent than the area with 
in said seating edge, and adjustable pilot valve means 
releasing excess fluid under pressure in said chamber at 
the end of said valve member which is opposite to said 
endwise portion when the pressure in said chamber equals 
a predetermined value, said valve member being in sub 
Stantial hydraulic balance when said valve member is 
open and being subjected when closed to a net closing 
fluid force which is small in relation to the force tending 
to close the valve member and which is proportional to 
the pressure at said inlet port, said difference in areas 
being insufficient in relation to the force of said spring 
to cause said valve member to open when pressure at said 
outlet port exceeds the pressure at said inlet port, up to 
a predetermined pressure at said outlet port. 

7. A valve comprising a valve body having a right 
cylindrical chamber formed therein, a sleeve coaxially 
received in said chamber, an inlet port entering said 
chamber at one end thereof, said sleeve presenting an 
inwardly extending annular seat adjacent said inlet port, 
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said seat having a right angular seating edge, an outlet 
port extending laterally from said chamber through said 
sleeve downstream of but adjacent to said seat, a cylin 
drical poppet slidably disposed in said sleeve, said pop 
pet having at one end thereof a tapered edgewise por 
tion seating in line contact against said edge, the cross 
sectional area of said poppet being about 0.5 to 1% 
greater than the internal area within said right angular 
seating edge of said seat, the angulation of said tapered 
edgewise portion being about 20 from the axis of said 
poppet, fluid pressure at said inlet port tending to open 
said valve, fluid pressure at the end of said poppet which 
is opposite said seat tending to close said valve, a first 
fluid passage including a restricted orifice for statically 
balancing the fluid pressures acting on the ends of said 
poppet, spring means biasing said poppet toward said 
seat, a drain passage, a second fluid passage communicat 
ing between said first passage and said drain passage, said 
Second passage including a pilot valve adapted to open 
at a predetermined pressure to release the pressure acting 
on the end of said poppet which is opposite said seat 
and thereby hydraulically unbalance the fluid pressures 
acting on the ends of said poppet causing said poppet to 
open, the difference in areas being insufficient in relation 
to the force of said spring means to cause said poppet 
to open in response to a high pressure at said outlet port 
relative to said inlet port up to a predetermined maxi 
mum pressure at said outlet port. 

8. A hydraulic valve comprising, a body having a 
chamber formed therein and having inlet and outlet ports 
communicating with said chamber, said inlet port pro 
viding a seat extending in a plane generally transverse 
to the axis of the flow of fluid through said inlet port 
to said chamber, said seat presenting an annular seating 
edge, a cylindrical valve member movable in said cham 
ber and having a conical taper at one end which is coop 
erable in line contact with said seat for closure of said 
valve, said taper forming an angle more than about 10 
and less than about 30° with the axis of said valve mem 
ber, said valve member being urged away from said seat 
by fluid pressure at said inlet port, means including a re 
stricted passageway for reflecting pressure at said inlet 
port to the end of said valve member opposite said seat, 
said valve member being constructed so as to reside in 
Substantial hydraulic balance in open position with re 
spect to said seat when exposed to the pressure at said 
inlet port and the pressure reflected through said pas 
sageway, the area of said cylindrical valve member being 
about 0.5 to about 6% greater than the area within said 
seating edge whereby said valve member is in slight hy 
draulic unbalance when in closed position with respect 
to said seat, spring means biasing said valve member to 
closed position, and means associated with said valve 
body for relieving excess pressure of fluid in said passage 
way and thereby relieving excess pressure exerted on said 
valve member through said passageway when the pres 
Sure in said passageway equals a predetermined value, 
whereby said valve member becomes unbalanced suffi 
ciently to overcome the spring bias thereof for movement 
of said valve member away from said seat. 

9. A valve comprising a valve body having a right cy 
lindrical chamber formed therein, a sleeve coaxially re 
ceived in said chamber, an inlet port entering said cham 
ber at one end thereof, said sleeve presenting an inwardly 
extending annular seat adjacent said inlet port, said seat 
having a right angular seating edge, an outlet port ex 
tending laterally from said chamber through said sleeve 
downstream of but adjacent to said seat, a cylindrical 
poppet slidably disposed in said sleeve, said poppet hav 
ing at one end thereof a tapered edgewise portion seating 
in line contact against said edge, the cross-sectional area 
of said poppet being about 0.5-6% greater than the in 
ternal area within said right angular seating edge of said 
seat, the angulation of said tapered edgewise portion be 
ing about 20 from the axis of said poppet, fluid pres 
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14 
sure at said inlet port tending to open said valve, fluid 
pressure at the end of said poppet which is opposite said 
seat tending to close said valve, a first fluid passage in 
cluding a restricted orifice for statically balancing the 
fluid pressures acting on the ends of said poppet, spring 
means biasing said poppet toward said seat, a drain pas 
sage, a second fluid passage communicating between said 
first passage and said drain passage, said second passage 
including a pilot valve adapted to open at a predeter 
mined pressure to release the pressure acting on the end 
of said poppet which is opposite said seat and thereby 
hydraulically unbalance the fluid pressures acting on the 
ends of said poppet causing said poppet to open. 

10. A valve comprising, a valve body having a right 
cylindrical chamber formed therein, an inlet port coaxi 
ally entering said chamber at one end thereof, an annu 
lar valve seat between said inlet port and said chamber, 
said seat presenting a sharp, angular annular seating edge, 
an outlet port extending from said chamber adjacent said 
seating edge, a poppet slidably received in Said chamber, 
said poppet having a conically tapered peripheral por 
tion at one end seating in line contact with said seating 
edge, said tapered portion forming an angle of more than 
about 10 and less than about 30' with the axis of said 
poppet, the cross-sectional area of said poppet being about 
0.5 to about 6% greater than the area within said annu 
lar seating edge, said poppet having a restricted fluid 
passage communicating between its opposite end Surfaces, 
spring means biasing said poppet toward said seat, and 
a pilot valve actuable at a predetermined pressure to re 
lease excess fluid in said chamber acting on the end of 
said poppet which is remote from said inlet port, said 
pilot valve including a seat and a spring-biased valve ele 
ment forming a valve therewith. 

11. A valve comprising, a valve body having a right 
cylindrical chamber formed therein, an inlet port coaxial 
ly entering said chamber at one end thereof, an annular 
valve seat between said inlet port and said chamber, said 
seat presenting an annular, sharp angular seating edge, 
an outlet port extending from said chamber adjacent said 
edge, a cup-shaped poppet slidably received in said cham 
ber, said poppet having at one end a conically tapered 
peripheral portion seating in line contact with said seat 
ing edge, and forming a valve between said inlet port 
and said outlet port, said tapered portion forming an 
angle of more than about 10° and less than about 30 
with the axis of said poppet, the opposite end of said 
poppet being subjected to pressure in said chamber, the 
cross-sectional area of said poppet being about 0.5 to 
about 6% greater than the area within said annular seat 
ing edge, a fluid passage reflecting pressure at said inlet 
port to said opposite end of said poppet, and a pilot valve 
actuable in response to a predetermined pressure to re 
lease excess fluid under pressure acting on said opposite 
end of said poppet, said pilot valve including a seat and 
a spring-biased valve element forming a valve therewith. 

12. A valve comprising, a valve body having a right 
cylindrical charfiber formed therein, an inlet port coaxial 
ly entering said chamber at one end thereof, an annular 
valve seat between said inlet port and said chamber, said 
seat presenting an annular, sharp angular seating edge, 
an outlet port extending from said chamber adjacent said 
edge, a cup-shaped poppet slidably received in said cham 
ber, said poppet having at one end a conically tapered 
peripheral portion seating in line contact with said seat 
ing edge and forming a valve between said inlet port and 
said outlet port, said tapered portion forming an angle of 
more than about 10 and less than about 30° with the 
axis of said poppet, the opposite end of said poppet be 
ing subjected to pressure in said chamber, the cross-sec 
tional area of said poppet being about 0.5 to about 6% 
greater than the area within said annular seating edge, 
a restricted fluid passage reflecting pressure at said inlet 
port to said opposite end of said poppet, spring means 
biasing said poppet toward said edge, and a pilot valve 
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actuable in response to a predetermined pressure to re 
lease excess fluid under pressure acting on said opposite 
end of said poppet, said pilot valve including a seat and 
a spring-biased valve element forming a valve therewith, 
said poppet being utilizable in a series of said valve bodies 
of different sizes all having cylindrical chambers of equal 
sizes formed therein. 

13. A valve comprising, a valve body having a right 
cylindrical chamber formed therein, an inlet port coaxial 
ly entering said chamber at one end thereof, an annular 
valve seat between said inlet port and said chamber, said 
seat presenting a sharp, angular annular seating edge, an 
outlet port extending laterally from said chamber, a 
poppet slidably received in said chamber, said poppet 
having a conically tapered endwise portion seating in line 
contact with said seating edge, said tapered portion form 
ing an angle of more than about 10 and less than about 
30 with the axis of said poppet, the cross-sectional area 
of said poppet being about 0.5 to about 6% greater than 
the area within said annular seating edge, a restricted fluid 
passage communicating between said inlet port and said 
chamber above the end of said poppet which is opposite 
to Said endwise portion, spring means biasing said poppet 
toward said seat, a pilot valve actuable in response to a 
predetermined pressure to release excess fluid under pres 
Sure in said chamber acting on the end of said poppet 
which is opposite to said endwise portion, said pilot valve 
including a seat and a spring-biased valve element form 
ing a valve therewith, check valve means permitting flow 
from said inlet port to said chamber above the end of 
Said poppet which is opposite to said endwise portion but 
not in the reverse direction, and check valve means per 
mitting flow from said outlet port to said chamber above 
the end of said poppet which is opposite to said endwise 
portion but not in the reverse direction. 

14. A valve comprising, a valve body, said body pre 
senting a cylindrical chamber therewithin, an inlet port 
entering said chamber at one end thereof, an outlet port 
extending laterally from said chamber, a cylindrical valve 
member slidably received in said chamber, said valve 
member having an endwise portion seating in peripheral 
edge contact against said inlet port, elastic means biasing 
Said valve member toward said inlet port, a restricted 
fluid passage communicating between said inlet port and 
Said chamber at the end of said valve member which is 
opposite to said endwise portion, the area of said valve 
member which is subjected to pressure in said chamber 
at the end of said valve member opposite to said endwise 
portion being greater by about 0.5 to about 6 percent than 
the area of the endwise portion of said valve member 
which is subjected to pressure at said inlet port when said 
valve is closed, a pilot valve adapted to release excess 
pressure in Said chamber at the end of said valve member 
which is opposite to said endwise portion when pressure 
in Said chamber equals a predetermined value, said pilot 
valve having an inlet side and an outlet side, a check 
valve between said inlet port and the inlet side of said 
pilot valve permitting flow toward said inlet side but not 
in the reverse direction, and a passageway including a 
second check valve communicating between said outlet 
port and said inlet side, said second check valve permit 
ting flow toward said inlet side but not in the reverse 
direction. 

15. A valve comprising, a valve body, said body present 
ing a cylindrical chamber therewithin an inlet port enter 
ing said chamber at one end thereof, an outlet port ex 
tending laterally from said chamber, a cylindrical valve 
member slidably received in said chamber, said valve 
member having a first endwise portion seating in periph 
eral edge contact against said inlet port and a second end 
wise portion in said chamber opposite thereto, elastic 
means biasing said valve member toward said inlet port, 
a restricted fluid passage communicating between said inlet 
port and said second endwise portion of said valve mem 
ber, said passage including check valve means permitting 

O 

5 

20 

25 

30 

40 

45 

50 

55 

60 

65 

70 

75 

16 
flow toward said second endwise portion but not away 
therefrom, the area of said second endwise portion being 
greater by about 0.5 to about 6 percent than the area 
of said first endwise portion of said valve member which 
is subjected to pressure at said inlet port when said valve 
is closed, a pilot valve adapted to release excess fluid under 
pressure acting on said second endwise portion of said 
valve member when pressure at said inlet port equals a 
predetermined value, and check valve means permitting 
flow from said outlet port toward said second endwise por 
tion but not in the opposite direction. 

16. A valve comprising a valve body having a right 
cylindrical chamber formed therein, a sleeve coaxially 
received in said chamber, an inlet port entering said cham 
ber at one end thereof, said sleeve presenting an inwardly 
extending annular seat adjacent said inlet port, said seat 
having a right angular seating edge, an outlet port extend 
ing laterally from said chamber through said sleeve down 
stream of but adjacent to said seat, a cylindrical poppet 
slidably disposed in said sleeve, said poppet having at one 
end thereof a tapered edgewise portion seating in line con 
tact against said edge, the cross-sectional area of said 
poppet being about 0.5-6% greater than the internal area 
within said right angular seating edge of said seat, the 
angulation of said tapered edgewise portion being about 
20° from the axis of said poppet, fluid pressure at said 
inlet port tending to open said valve, fluid pressure at the 
end of said poppet which is remote from said seat tending 
to close said valve, a flow restricting first fluid passage 
communicating between said inlet port and the end of said 
poppet which is remote from said seat for statically balanc 
ing the fluid pressures acting on the ends of said poppet 
in response to pressure at said inlet port, said first passage 
including a first check valve preventing flow in the direc 
tion toward said inlet port, spring means biasing said 
poppet toward said seat, a pilot valve contained in a cap, 
said pilot valve having an inlet side and an outlet side, 
said inlet side communicating with the end of said poppet 
which is remote from said seat, said outlet side communi 
cating with said outlet port, said pilot valve being adapted 
to open at a predetermined pressure to release excess 
pressure acting on the end of said poppet which is remote 
from said seat, and a second passage communicating be 
tween said outlet port and the inlet side of said pilot valve, 
said second passage including a second check valve pre 
venting flow toward said outlet port, said first and second 
check valves and said second passage being contained in 
a sandwich plate mounted between said cap and said valve 
body. 

17. A valve comprising, a valve body having a right 
cylindrical chamber formed therein, a sleeve coaxially 
received in said chamber, an inlet port entering said cham 
ber at one end thereof, said sleeve presenting an inwardly 
extending annular seat adjacent said inlet port, said seat 
having a right angular seating edge, an outlet port extend 
ing laterally from said chamber through said sleeve down 
stream of but adjacent to said seat, a cylindrical poppet 
slidably disposed in said sleeve, said poppet having at one 
end thereof a tapered edgewise portion seating in line con 
tact against said edge, the cross-sectional area of said pop 
pet being about 0.5-6% greater than the internal area 
Within said right angular seating edge of said seat, the 
angulation of said tapered edgewise portion being about 
20 from the axis of said poppet, fluid pressure at said 
inlet port tending to open said valve, fluid pressure at 
the end of said poppet which is opposite said seat tending 
to close said valve, a first fluid passage including a re 
stricted orifice and a check valve preventing flow toward 
said inlet port and statically balancing the fluid pressures 
acting on the ends of said poppet in response to pressure 
at Said inlet port, spring means biasing said poppet toward 
Said seat, a pilot valve having an inlet side and an outlet 
side, Said inlet side communicating with the end of said 
poppet which is remote from said seat, the outlet side of 
Said pilot valve communicating with said outlet port, said 



3,373,763 
17 

pilot valve being adapted to open at a predetermined 
pressure to release excess pressure at said inlet side, and 
a second passage communicating between said outlet port 
and the inlet side of said pilot valve, said second passage 
including a check valve permitting flow toward said inlet 
side and preventing flow in the opposite direction. 

18. In combination, a series of hydraulic valve bodies 
of different sizes, each body presenting a chamber, the 
chamber of all of said bodies being equal in size, an inlet 
port entering said chamber at one end thereof, means 
defining an annular seat adjacent said inlet port, said 
seat presenting a sharp angled seating edge the plane of 
which is perpendicular to the axis of flow through said 
inlet port, an outlet port extending laterally from said 
chamber, a cylindrical poppet adapted to be selectively 
received in the said chamber of each of said bodies, said 
poppet having a tapered peripheral portion forming a 
closure in line contact with said edge, said tapered por 
tion forming an angle of between 10 and 30° with the 
axis of said poppet, the cross-sectional area of said poppet 
being slightly greater than the area within said seating 
edge, passage means including a restricted orifice com 
municating between said inlet port and the end of said 
poppet which is opposite to said seat, a spring biasing 
said poppet toward said seat, a supplemental valve con 
trol cap adapted to be selectively removably fastened 
to each body of said series, said cap including a drain 
port and a passageway communicating between said drain 
port and the end of said poppet which is opposite to 
said seat, valve means in said passageway adapted to 
open at predetermined pressure to release to said drain 
port the pressure of fluid at the end of said poppet which 
is opposite to said seat, the bodies of said series and 
the inlet ports and outlet ports thereof differing in size 
from body to body whereby the bodies of the series are 
respectively adapted for installation in hydraulic lines 
of different sizes, said chamber and poppet being of a 
size sufficient to accommodate the highest pressure and 
flow requirements to be served by the largest body of 
the series. 

19. In combination, a series of hydraulic valve bodies 
of different pressure ratings and flow capacities, each 
body presenting a chamber, the chambers of the bodies 
of said series being uniform in size, each body also 
having an inlet port entering said chamber at one end 
thereof, a cylindrical sleeve adapted to be disposed within 
the said chamber of each body of said series, said sleeve 
presenting a seat adjacent said inlet port, said seat resid 
ing in a plane which is perpendicular to the axis of 
flow through said inlet port and presenting an inwardly 
offset annular seating edge, an outlet port extending 
laterally from said chamber through said sleeve, a cylin 
drical poppet slidably received in said sleeve, said poppet 
having at one end thereof a tapered peripheral edge 
forming a valve with said seating edge, the angle of 
said tapered edge being between 10 and 30, the cross 
sectional area of said poppet being about 0.5-6% greater 
than the area within said seating edge, fluid pressure at 
said inlet port tending to open said valve, a passage in 
cluding a restricted orifice communicating between said 
inlet port and the end of said poppet which is opposite 
to said inlet port, said poppet when in open position 
presenting substantially equal areas to pressure at said 
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inlet port and at the end of said poppet which is op 
posite to said inlet port, a spring biasing said poppet 
toward said seat, a valve control cap adapted to be 
fastened to each body of said series, said cap including 
a relief valve adapted to open when the pressure at 
the end of said poppet which is opposite to said inlet 
port exceeds a predetermined value, the bodies of said 
series and the inlet ports and outlet ports thereof differ 
ing in pressure rating and flow capacity whereby the 
bodies of the series are respectively adapted for installa 
tion in hydraulic lines of different flow capacities and 
pressures, said chamber, poppet and sleeve being suffi 
ciently large to accommodate the highest pressure and 
flow requirements to be served by the largest body of 
the series. 

20. A hydraulic valve comprising a body selected from 
a series of bodies of different pressure ratings and flow 
capacities, each body presenting a chamber, an inlet 
port entering said chamber at one end thereof, a cylin 
drical sleeve disposed within said chamber, said sleeve 
including a seat adjacent said inlet port, said seat present 
ing an inwardly offset annular right angled seating edge, 
said edge residing in a plane which is perpendicular to 
the axis of flow of fluid through said inlet port into said 
chamber, an outlet port extending laterally from said 
chamber through said sleeve, a cylindrical poppet slidably 
received in said sleeve, said poppet having at one end 
thereof an angulated annular seating surface forming a 
valve with said seating edge, the angle of said angulated 
Surface being between about 10 and 30, the cross 
Sectional area of said poppet being about 0.5% to 6% 
greater than the area within said seating edge, fluid 
pressure at said inlet port tending to open said valve, 
said poppet including a restricted passage communicat 
ing between its opposite ends, said poppet in open posi 
tion presenting substantially equal areas to pressure at 
each end, a spring biasing said poppet toward said seat, 
a valve control cap removably fastened to said body, 
said cap including a pressure actuated pilot valve adapted 
to open when the pressure at the end of said poppet which 
is opposite to said inlet port exceeds a predetermined 
value, the bodies of said series and the inlet ports and 
outlet ports thereof differing in pressure rating and flow 
capacity from body to body whereby the bodies of the 
series are respectively adapted for installation in hydrau 
lic lines of different flow capacities and pressures said 
chamber, poppet and sleeve being sufficiently large to 
accommodate the highest pressure and flow requirements 
to be served by the largest body of the series. 
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