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ABSTRACT: A directional control valve having double-acting 
differential poppets located in a valve body controlled by one 
or more pilot valves. The pilot valves control pilot fluid to and 
through a multiplicity of pilot fluid control passages. A porting 
pattern for the control passages is predetermined and coor 
dinated to the pilot valve selected so that multiplicity of func 
tions of the control valve may be acquired. 
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DIRECTIONAL CONTROL VALVE AND METHOD OF 
MAKNG 

sUMMARY OF THE INVENTION 
This is a continuation-in-part of Ser. No. 777,314, filed 

Nov. 20, 1968 and now abandoned. 
This invention relates to a directional control valve and 

more particularly to such a valve utilizing double-acting dif 
ferential poppets controlled by one or more pilot valves. 
An object of this invention is a directional control valve 

utilizing double-acting differential poppets in which the func 
tions of the valve may be varied by rearranging the flow pat 
tern through the pilot fluid passages in the top or cover plate, 
without changing the valve body containing the poppets, the 
subplate, the manifold or the top cover. 
Another object is a directional control valve and a method 

of constructing and operating it using one or more pilot valves 
with one type of spool configuration with one or two actuators 
or two pilot valves with one actuator each coordinated to a 
preselected fluid passage system to provide a multiplicity of 
functions thereby avoiding any changes in configuration of the 
poppets and valve body. 
Another object is a directional control valve in which the 

pilot fluid passages may be located in a removable manifold 
interconnected between the pilot valve and the cover plate. 
Another object is a directional control valve in which all of 
pilot fluid passages extend through one wall of the valve 

dy. 
Another object is a directional control valve in which a pair 

of poppets, one pressure and one exhaust, act in sequence, the 
pressure poppet first, and the exhaust poppet second, mil 
liseconds apart. . . . 
Another object is a directional control valve in which the 

pilot fluid passages may be located in the cover plate. 
Another object is a directional control valve that can be 

utilized to control the flow of fluids of low viscosity and poor 
lubricity under high operating pressures. 
Another object is a poppet-type directional control valve in 

which the poppets have self replaceable seat-engaging discs. 
Another object is a directional control valve having a pilot 

valve which may be operated by solenoids, hydraulic or pneu 
matic actuators, hand levers, or any other suitable mechanical 

S. : . 
Another object is a directional control valve having plugs 

screwed into the poppets contoured to effectively vary the 
rate of flow through the valve seat whenever the poppet is 
seated or unseated, thus minimizing system shocks. 
Another object is a directional control valve in which the 

piping to the source and reservoir for hydraulic fluid and to 
the device to be actuated by the hydraulic fluid is connected 
to a subplate where it will not interfere with dismantling of the 
other parts of the valve. 
Another object is a poppet-type directional control valve in 

which the rate of flow of operating fluid through the valve can 
be controlled by selectively limiting the amount of opening of 
each poppet. 
Another object is a poppet-type directional control valve in 

which the amount of opening of each poppet can be adjusted 
without dismantling the valve. 
Another object is a poppet-type directional control valve in 

which the poppets can easily be replaced without dismantling 
the entire valve. 
Another object is a directional control valve in which the 

poppet seats are held in position by the subplate. 
Another object is a directional control valve in which the 

poppet seats are held pressure tight by static seals. 
Another object is a poppet-type directional control valve in 

which the poppet seats can be replaced without the use of spe 
cial tools. 
Other objects may be found in the following specification, 

drawings and claims. 
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2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an elevational view of a directional control valve 
with parts in section and other portions broken away; 

FIG. 2 is a top plan view of the valve body; 
FIG. 3 is a section taken along line-3-3 of FIG. 2 with the 

poppets omitted; S. 
FIG. 4 is a side view along line 4-4 of FIG. 1 with portions 

broken away; 
FIG. 5 is a top view of the subplate; 
FIG. 6 is a section taken along line 6-6 of FIG. 5; 
FIG. 7 is a section taken along line 7-7 of FIG. 5; 
FIG. 8 is a top plan view of the top plate; 
FIG.9 is a section taken along line 9-9 of FIG.8; 
FIG. 10 is a side view taken along line 10-10 of FIG. 1; 
FIG. 11 is a top view of the manifold; 
F.G. 12 is an end view of the manifold; 
FIG. 13 is a schematic of one form of the invention; 
FIG. 14 is a schematic of another form; 
FIG. 15 is a schematic of a third form; 
FIG. 16 is a diagram; 
FIG. 17 is a top view of an alternate channeling and porting 

system; and 
FIGS. 18 through 23 are sections along the respective sec 

tion lines in FIG. 17. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

In FIGS. 1 through 12 of the drawings is shown a valve body 
23 having a top or cover plate 25, a subplate 27, a manifold 29 
and a pilot valve 31. The top plate and subplate are attached 
respectively to the top and bottom of the valve body. The 
manifold may be mounted on one side of the valve body and 
the pilot valve may be mounted on the manifold. 

In FIGS. 1, 2 and 3, the valve body 23 is provided with a 
number of bores 33 extending therethrough from top to bot 
tom. Since the valve shown is a four-way valve, there are four 
bores. Each bore has a portion 35 of enlarged diameter at the 
upper end thereof, hereinafter sometimes referred to as the 
head portion of the bore, and another enlarged portion 36 ad 
jacent the lower end of the bore. The designation of portions 
of the directional control valve in relation to the vertical in 
this specification is for ease of description and should not be 
construed as a limitation on the manner of installing or orient 
ing the valve. - 

Poppets 37, 39,41 and 43 are positioned one in each of the 
bores. Each poppet includes a plunger 45, a head 47 of en 
larged diameter attached to the upper end of the plunger and a 
plug 49 screw threaded into a threaded bore 50 formed in the 
lower end of the plunger. The enlarged head 47 of each pop 
pet is positioned in the head portion 35 of its bore. A rider ring 
51 and a piston ring 53 are carried in grooves in the head por 
tion of the poppet. Piston ring 55 and rider ring 57 are carried 
in grooves in the plunger portion of the poppet. The plug 49 
holds an annular seating disc 59 in contact with the lower end 
of the plunger. The seating disc 59 has a beveled seating sur 
face 61 which engages a similarly beveled surface of a seat. 
The disc is made of a soft composition material which will 
close tightly around foreign particles, scratches or scoring. 
The diameter of the disc 59 is less than the diameter of the 
plunger leaving annular surfaces 62 at the end of the plunger 
and surrounding the disc. These surfaces, which are both radi 
al and beveled, constitute the only poppet area upon which 
operating fluid acts to open the poppet when the poppet disc is 
in contact with the seat. 
A passage 63 extends into the valve body 23 from the bot 

tom wall 64 of the valve body. A cross passage 66 extending 
from a threaded opening 67 in the valve sidewall 68 intersects 
and communicates with passage 63. The cross passage 66 ex- , 
tends through the enlarged portion 36 of the bores containing 
the poppets 39 and 41. The threaded opening 67 is shown 
closed by a removable pipe plug 69. 
A passage 71 extends into the valve body from the bottom 

wall 64 thereof. A cross passage 72 extending from a threaded 
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opening 73 in the valve body sidewall 74 intersects and com 
municates with the passage 71. The cross passage 72 extends 
through the enlarged portion 36 of the bore containing the 
poppet 37. A plug 75 is provided to close the opening 73. 

In a similar manner, a passage 76 extends into the valve 
body from the bottom wall 64. A cross passage 77 extending 
from a threaded opening 78 in the valve body sidewall inter 
sects and communicates with the passage 76. The cross 
passage 77 extends through the enlarged portion 36 of the 
bore containing the poppet 43. A plug is installed in opening 
78 but it is now shown. 
Tubular seats 79 are positioned in the bores 33 between 

portions 36 and the bottom wall 64 of the valve body 23. The 
seats have passages 80 which function as outlets for the bores 
and are beveled or mitered at 81 which engages the beveled 
surfaces 61 of the discs 59 to close the passages 80. The tubu 
lar seats are held in place by the subplate 27. Suitable O-rings 
83 and 85 are provided for the seats. 

Drain passages extend from the head portions 35 of the 
bores through the sidewall 87 of the valve body. These 
passages are: Passage 91a (FIG. 2) extends from the head por 
tion 35 of the bore containing poppet 43 into the head portion 
of the bore containing poppet 37. Drain passage 91 b extends 
from the head portion of this bore to the sidewall 87 of the 
valve body. Drain passage 91c (FIGS. 2 and 4) extends from 
the bottom wall 64 of the valve body to intersect the drain 
passage 91b. Drain passage 91d (FIG. 2) extends from the 
head portion 35 of the bore containing poppet 41 into the 
head portion of the bore containing the poppet 39. Drain 
passage 91e extends from this bore to the sidewall 87 of the 
valve body. 

Passage 93a (FIG. 1) extends from the enlarged portion 36 
of the bore containing the poppet 39 to the sidewall 87 of the 
valve body. Passage 95a (FIGS. 2 and 4) extends from the 
sidewall 87 and divides into passages 95b and 95c which ex 
tends to the top wall 96 of the valve body. A similar passage 
97a extends from the sidewall 87 parallel to the passage 95a 
and has two branches 97b and 97c which also extend to the 
top wall 96. Passages 91, 93, 95 and 97 extend in part through 
the subplate, top cover, manifold and pilot valve or some of 
these component parts and continuations of these passages 
will bear the same number but will bear a different lower case 
letter for each in tracing the passages through the components 
of the valve. 
The top plate 25 in FIGS. 1, 8 and 9 contains four sets of 

passages which connect the passages 95b,95c,97b, and 97c in 
the valve body with the head portions 35 of the bores. Each of 
these sets of passages includes two vertical passages con 
nected by a passage extending across the top plate from 
openings formed in the sidewalls. The opening into each cross 
passage receives a plug for closing the opening. The plug may 
be of the expandable, wedged type, though other suitable 
types may be used. Vertical passages 95d connects to passage 
95b in the valve body. The cross passage 95e and the vertical 
passage is 95f. Cross passage 95e extends through the sidewall 
119 of the top plate to form opening 121 which is plugged. 

Vertical passage 95g connects to passage 95c in the valve 
body. Cross passage 95h intersects passage 95g. Vertical 
passage 95i extending from cross passage 95h leads into the 
bore of poppet 43. Cross passage 95 h intersects sidewall 125 
of the top plate forming an opening 127 which is plugged. 

Vertical passage 97d connects with passage 97b in the valve 
body. Cross passage 97e connects to passage 97d. Vertical 
passage 97f extends from passage 97e into the bore of poppet 
37. Cross passage 97e extends from plugged opening 129 in 
the sidewall 125 of the top plate. 

Vertical passage 97g connects to passage 97c in the valve 
body. Cross passage 97h connects to passage 97g and vertical 
passage 97i extends from the cross passage to the bore of pop 
pet 41. Cross passage 97h extends from plugged opening 131 
in the sidewall 119 of the top plate. 
Whereas four sets of cross passages have been shown in the 
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4. 
from each cross passage into the bores and vertical passages 
extending into the valve body to connect with cross passages, 
it should be understood that additional passages may be pro 
vided in both the top plate and the valve body to permit the 
flow pattern of the pilot fluid between the various bores and 
the pilot valve to be changed. For example, additional vertical 
and cross passages could be provided in the top plate so that 
each bore would be provided with two pilot fluid outlets, any 
one of which could be blocked at any particular time by a 
suitable plug to provide a variety of operating characteristics 
for each poppet valve. Also, the cross and vertical passages in 
the top plate could be arranged so that adjacent bores could 
be connected to the same or additional cross passages in the 
valve body. The passages could be arranged so that the bores 
containing poppets 39 and 41 could be connected to the same 
cross passage in the valve body. Additionally, it may be desira 
ble to provide cross passages in the top plate which directly 
connect bores which are positioned diagonally of each other. 
A passage could be provided leading from the bore containing 
poppet 39 to the bore containing poppet 43. Again, it may be 
desirable to provide a passage in the top plate directly con 
necting bores which are adjacent each other such as the bores 
containing poppets 37 and 39. Again, passages may be ar 
ranged so that one of the bores, for example, the bore contain 
ing poppet 43, may be connected to a passage in the valve 
body to which no other bore is connected. Other possible 
combinations may also be arranged depending upon the 
operating characteristics desired of the valve. 
The top plate 25 also contains threaded openings 101 with 

each opening aligned with the center of one of the bores 33. 
An adjustment screw 103 threads through each of the 
openings 101 and extends into the head portion 35 of each 
bore to engage and thereby limit the movement of a poppet 
toward the top plate. The adjustment screws are formed with 
unthreaded end portions 105 which fit into wells 107 formed. 
in the head portions 47 of the poppets. The movement of an 
end portion into a well is resisted by hydraulic fluid trapped in 
the well thereby dampening the shock occasioned by contact 
of an adjustment screw and a poppet. The leading edges of the 
end portions 105 are beveled at 111 to assist the dampening 
function. A slot 113 facilitates rotation thereof. A jam nut 15 
holds the screw in a selected position. A cover nut 117 is also 
provided. Copper or aluminum washers are provided to 
prevent leakage. A threaded lifting hole 119 is provided for in 
serting and removing the poppets. Cap screws 133 attach the 
top plate to the valve body. O-rings 135 seal the valve body 
and the top plate. 
The subplate 27 in FIGS. 1, 5, 6 and 7 contains passages 

which connect the inlets and outlets of the bores 33 in the . 
valve body 23 with piping leading to a source of operating 
fluid, a device to be operated and a drain or reservoir. A verti 
cal threaded inlet passage 137 in the subplate connects the 
valve body to the fluid source. A pair of passages 139 and 141 
are drilled into the subplate through sidewall 142 with their 
openings 143 and 145 in the sidewall threaded to receive 
plugs. Vertical passages 147 and 149 extend from the top sur 
face 151 of the subplate and intersect the passage 139. Verti 
cal passage 147 aligns with passage 71 in the valve body which 
is the inlet passage for the bore containing poppet 37. Vertical 
passage 149 aligns with the outlet of the bore containing pop 
pet 39. A vertical passage 152 extends from the bottom wall of 
the subplate in alignment with the passage 147 and intersects 
the passage 139. This passage is threaded at its outlet for con 
nection to a pipe leading to a device to be actuated by the 
hydraulic operating fluid. 
The arrangement of vertical passages intersecting passage 

141 is similar to that described for passage 139. Vertical 
passages 153 and 155 extend from the top surface 151 of the 
subplate and intersect the passage 141. Vertical passage 153 
aligns with passage 76 in the valve body which is the inlet 
passage for the bore containing poppet 43. Vertical passage 
155 aligns with the outlet of the bore containing poppet 41. A 

top plate 25 with single vertical passages leading respectively 75 vertical passage 157 extends from the bottom wall of the sub 
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plate in alignment with the passage 153. This passage is 
threaded at its outlet 158 for connection to a pipe leading to a 
device to be actuated by the hydraulic operating field. 
A passage 159 extends partially across the subplate from a 

plugged opening 161 formed in the sidewall 163 thereof. Ver 
tical passages 165 and 167 extend from the top wall 151 to in 
tersect the passage 159. Vertical passage 165 aligns with the 
outlet of the bore in the valve body containing poppet 37 and 
passage 167 aligns with the outlet of poppet 43. A vertical 
passage 169 extends from the bottom wall of the subplate to 
intersect the passage 159. The opening 171 into this passage is 
threaded for connection to a pipe leading to the drain or a 
reservoir for the hydraulic operating fluid. 
A vertically extending passage 91f aligns with the passage 

91c in the valve body. The passage 91 fintersects and joins a 
cross passage 91g in the subplate from the sidewall 172 
thereof. The passage 91g connects with the passage 159 in the 
subplate. The outlet through the sidewall for passage 91g is 
shown plugged. Passages 91f and 91g connect the reservoir 
drain passages 159 and 169 in the subplate with the drain 
passages in the valve body. . . . . 
The subplate is attached to the bottom of the valve body by 

bolts (not shown) which pass through bolt holes 173. Thus, 
the valve body may be removed from the subplate without 
disturbing the piping to the source of operating fluid, the 
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reservoir and the device to be actuated which piping is con 
nected to the subplate. . . . . . 
The manifold 29 may contain a series of passages which 

connect the passages of the valve body, to the outlets of the 
pilot valve 31. In FIGS. 1, 10, 11 and 12, passages 91h and 91i 
extend through the sidewall 175 of the manifold which is in 
contact with the wall 87 of the valve body with these passages 

6 
cylinder, a hydraulic cylinder or any suitable actuator could 
be used in place of a solenoid. The spool has lands 207 and 
209 spaced apart to span three annular passages in the bore. 
These annular passages join with the various inlet and outlet 
passages. The directional control valve is shown connected to 
a hydraulic cylinder 210 having a piston 211. The drain outlet 
91m connects to the drain passages in the top plate, valve 
body and subplate, which passages are generally designated as 
9. . . ." 

Pilot fluid is supplied from the source through a series of 
passages generally designated as 93 to the inlet 93e of the pilot 
valve. It then flows through the bore of the pilot valve and 
through the outlets 95m and 97m. The passages 95 and 97 
carry the pilot fluid into the bores against the heads of the 
poppets 37, 39, 41 and 43 thereby seating all of the poppets 
against their respective'seats 79 to shut off the flow of operat 
ing fluid to and from cylinder 210. - 

Extensions of the passages 91 and 93 in the top plate are 
provided for use with a second pilot valve as in the manner 
shown in FIG. 14. : 
By moving the spool 205 to the left so that the land 209 is 

positioned between the outlets 93e and 95m and the land 207 
is positioned to the left of outlet 91 m, the pilot fluid is per 
mitted to escape from the bores containing poppets 39 and 43 
to open these poppets. Pilot fluid is maintained in poppets 37 
and 41 keeping these poppets closed. This arrangement of 
poppets will direct hydraulic operating fluid to enter the 
cylinder 210 to act against the left side of the piston 21 and 

30 to escape from the right side of the piston 211 to flow to the 
operating fluid reservoir. . . . . 

respectively aligning with passages 91b and 9ie in the valve : 
body. A cross passage 91jlengthwise through the manifold in 
tersects passages 91h and 9ii. The opposite ends of this 
passage are shown plugged. A vertical passage 91k extends 
through the top wall 177 of the manifold to the pilot valve 31. 
The passage 91k aligns with an outlet 91m of the pilot valve in 
FIG. 3. . . . . . . . . . . . . . . . . 

35 

40 

Passage 93b extending from the sidewall 175 of the 
manifold in alignment with the passage 93a in the valve body. 
is intersected by a longitudinally extending cross passage 93c 
which extends from end wall 179 of the manifold. The opening 
through this end wall is closed by a suitable plug. A vertical 
passage 93d extends from the top wall 177 of the manifold to 
intersect the passage 93c. The passage 93d aligns with an out 
let 93e of the pilot valve in FIG. 13. . . . 

Passage 95.jextending from the sidewall 175 of the manifold 
aligns with the passage 95a in the valve body. A vertical 
passage 95k extending from the top wall 177 of the manifold 
intersects the passage 9Si. Passage 95k aligns with outlet 95m 
of the pilot valve in FIG. 13. ... 

Passage 97.jextends from the sidewall 175 of the manifold in 
alignment with the passage 97a in the valve housing. A vertical 
passage 97k extending from the top wall 177 of the manifold 
intersects the passage 97i. The passage 97k aligns with the out 
let 97m of the pilotvalve shownschematically in FIG. 13. 
The manifold 29 is connected to the valve body 23 by bolts 

(not shown) through bolt holes 183. The pilot valve 31 is con 
nected to the manifold by bolts (not shown) in bolt holes 185. 
One form of this invention is shown diagrammatically in 

FIG. 13 arranged for four-way, three position operation with a 
blocked center in neutral. The multiplicity of pilot fluid 
passages is shown in the top plate, and a manifold is not 
shown. This means that both sides of the piston are shut off 
from the source of operating fluid and from the fluid reservoir. 
in the center position of the valve. A modified top plate 198 
has two sets of passages for connection to two pilot valves. 
Because only one pilot valve is used, these passages are either 
not connected to the passages in the valve body or they are 
blocked, at 91n-91r and 93f. The pilot valve 199 is of the 
spool type actuated by a pair of solenoids 201 and 203, one of 
which is connected to each end of a spool 205. An air 
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The other operating position of this valve is obtained by 
moving the spool 205 to the right so that the land 207 is posi 
tioned between the outlets 93e and 97 m and the land 209 is 
positioned to the right of the bypass passage. With the lands so 
positioned, pilot fluid will be permitted to exhaust from the 
bores containing poppets 37 and 41 thereby allowing these 
poppets to open, but will be retained in the bores containing 
the poppets 31 and 43 to hold these poppets closed. This ar 
rangement of poppets will permit the hydraulic operating fluid 
to pass through the poppet 41 and into the cylinder 210 to act 
against the right side of the piston 211 while operating fluid 
from the left side of the piston 211 
poppet 37 to the reservoir. 

In FIG. 14 a control valve assembly is shown with two pilot 
valves 213 and the cover plate 198 arranged for four-way, 
three position operation with both sides of the piston 212 con 
nected to the source of hydraulic fluid under pressure and 
with the drain blocked in the neutral position. Each pilot valve 
has a single solenoid 215 connected to one end of a spool217. 
Each spool has two lands 219 and 221, each of which spans 
two annular passages connected respectively to inlet, outlet or 
bypass passages in the spool housing. This form is arranged so 
that in its center position both sides of the piston 212 are acted 
on by hydraulic operating fluid and the outlets to the operat 
ing fluid reservoir are blocked. Each of the pilot valves 213 
controls the flow of pilot fluid to only two of the poppets. The 
passages between the pilot valves and the poppets are so ar 
ranged that the poppets controlling the source of fluid act in 
unison as do the poppets controlling the passages leading to 
the reservoir. This occurs only in the neutral or deemergized 
position. In the operating positions, poppets 37 and 41 and 
poppets 39 and 43 actin unison. 
Lands 219 and 221 of the pilot valve on the left-hand side of 

the drawings are located so as to connect passage 93 from the 
source of operating pressure to the passage 97 leading to pop 

will escape through the 

pet 37. Passage 95 leading from poppet 39 is connected by 
70 

75 

lands 219 and 221 to the bypass passage, through the outlet 
91m and to the exhaust passage 91. In the right-hand pilot 
valve 213, lands 219 and 221 direct the operating fluid from 
passage 93 to passage 95 and to poppet 43. Fluid in passage 97 
to poppet 41 is directed by lands 219 and 221 through the 
bypass passage and the outlet 91 m and into the exhaust 
passage 91. 
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Branch passages 95 and 97 leading respectively from pop 
pets 43 and 41 to the left-hand pilot valve 213 are blocked by 
plugs 95p and 97p respectively so that both of these poppets 
are controlled only by the right-hand pilot valve 213. 

FIG. 15 shows a control valve assembly arranged for four 
way, three position operation with the opposite sides of the 
piston 212 connected to the drain or reservoir and the source 
of fluid blocked in the neutral position of the valve. In this 
form, there is one spool valve 231 with a single solenoid 235 
connected to one end of a spool 237. The spool has lands 239 
and 241. Otherwise, FIG. 15 may be the same as FIG. 13 as to 
the blocking of the passages, etc. 
The use, operation and function of this invention are as fol 

lows: 
The invention is concerned with a method of operating or 

constructing a directional control valve and with the valve or 
valves resulting therefrom so that a maximum number of func 
tions may be obtained with maximum interchangeability of 
basic components without changing the configuration of the 
poppets and valve body itself. This has been done by providing 
or selecting pilot valves with a single spool function. Then a 
multiplicity of pilot fluid control passages are provided in ac 
cordance with a predetermined desirability of functions of the 
main valve. The porting of the pilot fluid passages is arranged 
in a predetermined pattern. And that pattern is deliberately 
coordinated with the pilot valves selected so that a multiplicity 
of functions of the resulting valve assembly may be acquired 
without changing the configuration of the poppets and valve 
body. For example in FIG. 13 one double actuated pilot valve 
is used and the nonused passages have their ports blocked. In 
FIG. 14 two pilot valves are used, each with a single actuator 
and different ports are blocked. In FIG. 15 one pilot valve is 
used with a single actuator and the nonused passages have 
their ports blocked. 
Thus it is the selection of the number and type of pilot valve 

that is used and the coordination or interplay between that 
selection and the patterning of the pilot fluid passages with the 
porting thereof being arranged so that certain passages are 
used and the nonused ports are blocked or plugged. 
The pilot valves have been shown as mounted on the exteri 

or of the valve body, but they might be merged into the valve 
body itself. A manifold has been referred to in connection 
with the FIG. 1 form and a portion of the pilot fluid passages 
have been described therein. But it should be understood that 
the multiplicity of pilot fluid passages could be all in the top or 
cover plate and the manifold might be dispensed with. In fact, 
the passage multiplicity might be entirely in the valve body it 
self and the porting coordinated to the selected pilot valves. 
Or a portion of the pilot fluid passages might be in the cover 
plate. The point is it is not critical where, how much, and to 
what extent the multiplicity of pilot fluid control passages are 
located in one part or another. The important point is that a 
suitable patterning of the ports thereof is provided so that they 
may be properly coordinated with the pilot valves so that a 
maximum number of functions of the overall control valve as 
sembly may be acquired without changing the configuration of 
the valve body and the poppets themselves. 
The control valve assembly may be used in a hydraulic 

system in which a source of pressure, such as a pump or the 
like, with or without accumulators, fluid-holding reservoirs or 
tanks, etc. may be used to operate cylinders or devices to be 
actuated. The fluid for the pilot function may come from the 
same source as the primary system or it may be separate: 
The invention is set forth in chart form in FIG. 16 as coor 

dinated with a cover plate shown in FIGS. 17-23. A mul 
tiplicity of pilot fluid control passages is shown in the cover 
plate 25a in FIG. 17 with the ports thereof being designated by 
letters. As an example, FIG. 18 shows the porting for one 
group of channels with the porting designated "MA," "NA,' 
“RA," and “SA.'" The same is true of FIGS. 19 through 23 
with different letter designations. 

In the FIG. 16 chart, the first column "Arrangement of 
Plugs" has the letters of the ports thereunder. The desired 
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8 
valve function is in the second column "Valve Function," and 
the pilot valve or valves used are indicated in the third column 
"Pilot Valve Arrangement.' Thus, any one of the valve func 
tions in the middle column may be acquired by selecting the 
pilot valve or valves indicated in the right column and 
plugging the ports listed on the left column. In this particular 
example the pilot fluid passages or channels are in the cover 
plate. But this could as well be done either partially or totally 
in a manifold, if a mahifold is used, or in the main valve body 
itself, if desired. 
The details of one valve body and porting arrangement with 

various components have been laid out in FIGS. 1 through 12. 
Another form is shown in FIGS. 13 through 15. And still 
another in FIGS. 16 through 23. It should be understood that 
the channels and ports of any one do not necessarily match or 
line up with one of the others. For example, in FIGS. 15 
through 17, a manifold is not present, whereas in the form of 
FIGS. 1 through 14, the manifold is shown and described in 
detail. The form of FIGS. 16 through 23 might be usable with 
an assembly having a manifold but not necessarily the one in 
FIGS. 1 through 14. 
A positive seating poppet-type valve of the type depicted 

herein has advantages not found in directional control valves 
of the spool type essentially when the fluids handled are of the 
water or water soluble low viscosity type or contain harmful 
foreign particles. Such fluids are characterized by low viscosi 
ty and poor lubricity. A directional control valve of the 
packless spool type will not function satisfactorily with fluids 
of this nature. Low viscosity causes high leakage past the lands 
of the spool. Poor lubricity prevents proper sliding of the spool 
and may bring about seizure. Also, harmful foreign particles in 
the fluid will damage the spool valve. A directional control 
valve of the packed spool type will work satisfactorily with 
fluids of low viscosity and poor lubricity but will be destroyed 
if the fluids contain harmful foreign particles. 
Although this directional control valve may utilize a spool 

valve as a pilot valve, it is not subject to the disadvantages 
which occur when a spool valve is used as a directional control 
valve. Leakage in the spool-type pilot valve will not adversely 
affect the operation of the hydraulic device being actuated 
because of the small volume of fluid that passes through the 
pilot valve. In the event of damage to or malfunction of the 
pilot valve by poor lubricity or foreign particles in the fluid, 
replacement or repair of the pilot valve is relatively simple and 
inexpensive because of its detachability and small size. 

In the form of FIGS. 1 through 12, the top plate or cover 25 
and the pilot valve 31 are easily removable from the valve 
body 23 and one another to facilitate varying the functions of 
the valve. The subplate 27 is also removably attached to the 
valve body 23 but normally it will not be disturbed. The piping 
to a source of hydraulic operating fluid, a reservoir for the 
hydraulic operating fluid (neither shown) and the device to be 
operated is connected to the subplate. With the piping con 
nected to the subplate, the top cover and valve body may be 
removed for maintenance without disturbing piping connec 
tions. 
The removable top plate 25 permits access to the bores 33 

for inspection and removal of the poppets, aided by the 
threaded lifting holes 119 in the head of each poppet. 
Removal of the soft-seating discs 59 of the poppets for 
replacement can be accomplished when the poppets are out of 
their bores by unlocking the plug 49 and then unthreading the 
plug from the end of the poppet. The tubular seats 79 in the 
bore outlets can be removed by removing the valve body from 
the subplate. The tubular seats 79 can then be easily slipped 
out of the bore outlets since they are held in position by the 
subplate and sealed by the O-rings. Replacement of the pop 
pet discs. 59 and the tubular seats 79 may be accomplished 
easily and without the use of special tools due to their loose fit 
in the bore outlets and in the use of O-rings as fluid seals. 

In this directional control valve, the flow of operating fluid 
and pilot fluid through the component parts of the valve is as 
follows: 



9. 
Operating fluid from the source enters the control valve 21 

through opening 138 in the subplate 27, through the passage 
137 in the subplate and into the passage 63, then to the en 
larged portions 36 of the bores containing the poppets 39 and 
41. Since in the condition of the valve shown in FIG. 1 poppet 
39 is closed and poppet 41 open, fluid will pass through seat 
79 of poppet, 41, through passage 80 in the seat and into 
passage 155 in the subplate. Fluid then flows from passage 
155, through passage 141, through the outlet 158, to cylinder 
210. ' ' 

Operating fluid in the enlarged portion 36 of the bore 33 
and in the passage 80 in the tubular seat 79 will act against 
poppet 41 and the end of the plug 49 to hold this poppet in its 
open position. This poppet will be held open only so long as 
the pilot fluid is exhausted from the head portion 35 of its bore 
acting against the head 47 of the poppet. 
The operating fluid in the enlarged portion 36 of the bore of 

poppet 39 acts only against the annular and beveled surfaces 
62 at the end of the poppet adjacent the disc 59. Because the 
area of these surfaces is small in relation to the area of the top 
surface of the head 47 of the poppet against which the pilot 
fluid is acting, the pilot fluid being at the same pressure as the 
operating fluid, the poppet will remain seated against the force 
of operating fluid when pilot fluid is acting on the poppet 
head. In operation in FIG. 15 operating fluid entering 
passageway 137 acts on poppets 39 and 41. If the pilot pres 
sure is exhausted from the enlarged bore of poppet 41 and 37, 
pressure will enter the rod end of cylinder 210 causing suffi 
cient compression of fluid in the head end of the cylinder 210 
to overcome the weight and friction of plunger 37, which en 
larged bore has been exhausted and will lift poppet 37. There 
fore, these poppets acting in unison will respond in this 
sequence to pressure followed by exhaust, and that this is in 
verse to normal practice. It is normally preferable to open the 
exhaust first to avoid high transient pressure rise due to mo 
mentary blockage of the exhaust port. In this concept, 
transient pressure rise can be no more than the force required 
to overcome poppet weight and friction. Also, any pressure 
surges in the operating fluid will be unlikely to unseat the pop 
pet 39 because of the large ratio of the pilot fluid area to the 
operating fluid area of the poppet. 
This directional control valve is not affected by variations in 

the actuating-to-return ratio of the hydraulic device being ac 
tuated by the operating fluid. In this valve, the seating and un 
seating of the poppets is controlled by the application to or 
release of pilot fluid from the poppet heads. 
The design of the poppet plug 49 and the miter surface 81 of 

the tubular seat 79 permits smooth and progressive opening 
and closing of the poppets. Upon unseating of a poppet, the 
flow is controlled by the annular area between the tapered 
portion of the plug 49 and the tubular seat 79. As the poppet 
rises, due to the configuration of the plug, the area increases 
thus allowing progressive increases of flow. This annular area 
is the controlling influence on the flow and has been arranged 
to ensure that maximum velocities occur within this area and 
not between the poppet disc 59 and the miter portion of the 
tubular seat 79. High velocity of water is a principal cause of 
erosion which in turn can lead to valve failure. The valve as 
designed will not prevent high velocity of fluid, but it restricts 
this velocity to an area that will not affect the functioning or 
sealing of the valve. Upon seating of the poppet, the plug func 
tions in the opposite manner to gradually decrease the amount 
of flow area and therefore the poppet closes with a minimum 
of fluid hammer. 
Because the tubular seat 79 and the poppet disc 59 each has 

contacting surfaces extending at an angle of approximately 
45 to the vertical, the seat is essentially self-cleaning. This 
aspect of the valve is improved because the flow through each 
poppet of the valve is normally but not necessarily in the 
direction from above the seat and down through the seat. In 
this way, foreign objects which come between the disc surface 
61 and the miter surface 81 are flushed out upon opening of 
the poppet. 
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The amount of opening of each poppet relative to its seating 

surface 81 can be controlled through the adjustment screws 
103. When a poppet opens, as the end portion 105 of the 
screw enters the hole 107 in the head, trapped pilot fluid will 
slowly escape cushioning the shock when the end portion 105 
contacts the base of the hole i. 
The drain passages 91a,91b, 91d and 9ie in the valve body 

23 function to maintain the differential between the head end 
and the plunger end of the poppet. Any pilot fluid that leaks 
past the piston ring 53 of the head and any operating fluid that 
leaks past the piston ring 56 of the plunger will be diverted to 
the operating fluid reservoir before it can unbalance the dif 
ferential between the head 47 and the plunger ends of the pop 
pet. Drain passages 91c in the valve body and 91f and 91g in 
the subplate connect to the drain passage 159 in the subplate 
to connect the drain passages 91a,91b and 91e to the operat 
ing fluid reservoir. 
The invention may also be applied to a valve body having 

only two poppets for use as a three-way valve. Also, although 
several arrangements have been described, there are many 
other arrangements that can be made utilizing the basic princi 
ples of this invention. Therefore, the scope of the invention 
should not be limited to the particular embodiments shown 
and described in this specification. 
The embodiments of the invention in which an exclusive 

property or privilege is claimed are defined as follows. 
We claim: 
1. A method of constructing a directional control valve hav 

ing a valve body with at least two poppet valves therein with 
pilot fluid control passages providing pilot fluid to the heads of 
the poppets and pilot valves for selectively directing pilot fluid 
between a source and the heads of the poppets, including the 
steps of selecting pilot valves with a certain spool function, 
constructing a multiplicity of pilot fluid control passages, port 
ing the pilot fluid passages in a predetermined pattern, coor 
dinating the pilot valves selected with the porting pattern of 
the pilot fluid passages so that a multiplicity of functions of the 
control valve may be acquired without changing the configu 
ration of the poppets and valve body, connecting certain of 
the ports with at least one pilot valve and blocking any unused 
ports. 

2. The method of claim 1 further characterized in that the 
control valve has a manifold removably connected to the valve 
body and further including the step of constructing the mul 
tiplicity of pilot fluid control passages at least in part in the 
manifold. 

3. The method of claim 1 further characterized in that the 
control valve includes a cover plate removably connected to 
the valve body and further including the step of constructing 
the multiplicity of pilot fluid control passages at least in part in 
the cover plate. 

4. The method of claim 1 further including the step of 
mounting each pilot valve on the exterior of the valve body. 

5. A directional control valve including a valve body, at 
least two bores formed in the valve body, each of the bores 
having an inlet passage and an outlet passage for pressurized 
operating fluid, a seat located in one of the passages of each 
bore, a poppet mounted in each bore for movement toward 
and away from its seat and having means to engage the seat in 
fluid-sealing relationship, each of the poppets having a head 
portion, a cover plate removably connected to the valve body 
to provide access to the poppets, a multiplicity of pilot fluid 
control passages to provide a choice of flow directions to the 
poppets, at least one pilot valve with a certain spool function 
for selectively directing the flow of pilot fluid between a 
source and the head portion of the poppets, and a porting pat 
tern for the multiplicity of passages selected and coordinated 
to the spool function of the pilot valve so that a multiplicity of 
functions of the control valve may be acquired by the use of at 
least one pilot valve fluid to certain of the ports which are un 
blocked and the blocking of certain of the other ports in the 
pattern. 
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6. The structure of claim 5 further characterized by and in 
cluding a manifold removably connected to the valve body, at 
least a portion of the pilot fluid control passages being in the 
manifold. 

7. The structure of claim 5 further characterized in that at 
least a portion of the pilot fluid control passages is in the cover 
plate. 

8. The structure of claim 5 further characterized in that 
each pilot valve is removably connected to the valve body. 

9. The structure of claim 5 further characterized in that a 
subplate is removably connected to the valve body, the inlet 
and outlet passages for pressurized operating fluid having con 
nections in the subplate. 

10. The structure of claim 5 further characterized in that 
the porting pattern for the multiplicity of passages is in one 
wall of the valve body. 

11. The structure of claim 5 further characterized by and in 
cluding means for selectively limiting the amount of opening 
of each poppet. 

12. The structure of claim 5 further characterized by and in 
cluding a subplate connected to the valve body and containing 
passages for pressurized operating fluid, each of the seats 
being tubular in shape and located in the outlet passage of 
each bore, each seat having one end surface facing the poppet 
and engageable thereby and the opposite end in contact with 
the subplate and held in position thereby. 

13. The structure of claim 5 further characterized in that 
each poppet has a replaceable annular disc carried thereby to 
engage its seat, the disc being removably held in the poppet by 
a removable plug which extends beyond the annular disc so 
that, when the poppet is seated, the plug extends into the tubu 
lar seat, the extreme portion of the plug being tapered so as to 
gradually change the rate of flow of operating fluid through 
the valve as the poppet is opened and closed. 

14. A directional control valve including a valve body, at 
least two bores formed in the valve body, each of the bores 
having an inlet passage and outlet passage formed in the valve 
body to carry pressurized operating fluid, a seat located in one 
of the passages of each bore, a poppet mounted in each bore 
for movement toward and away from its seat and having 
means to engage the seat in a fluid-sealing relationship, each 
of the poppets having a head portion, a cover plate removably 
connected to the valve body to provide access to the poppets, 
a multiplicity of pilot fluid control passages to supply pilot 
fluid to the poppets, at least one pilot valve for selectively 
directing the flow of pilot fluid to and from the poppets, a sub 
plate removably connected to the valve body, inlet and outlet 
passages in the subplate to carry pressurized operating fluid to 
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and from the poppet, the valve body with the poppets, cover 
plate, pilot fluid control passages and pilot valve being 
mounted on and removable from the subplate so that connec 
tions to and from the source and device to be actuated will not 
interfere with dismantling of the other parts of the control 
valve. . . . . . . . . 

15. A directional control valve including a valve body hav 
ing a plurality of poppets adapted to control the flow of pres 
surized operating fluid between a source of pressurized 
operating fluid, a device to be operated by the pressurized 
operating fluid and a reservoir for the operating fluid with the 
poppets being closed by pressurized pilot fluid and opened 
upon the release of said pilot fluid by the operating fluid, a 
pilot valve for controlling the flow of pressurized pilot fluid 
between a source of pressurized pilot fluid, a reservoir for the 
pilot fluid and the valve body poppets, a manifold removably 
connected to said valve body and said pilot valve and having 
passages formed therein which are adapted to carry pres 
surized pilot fluid, and a cover plate removably connected to 
said valve body and having passages formed therein which are 
adapted to carry pressurized pilot fluid during at least part of 
its travel from the manifold and to the valve body poppets. 

16. In a directional control valve including a valve body, a 
bore formed in the valve body, inlet and outlet passages 
formed in the valve body to carry pressurized operating fluid 
to the bore, a seat in one of the passages, a poppet mounted in 
the bore for movement toward and away from the seat, an an 
nular disc of a material having resilient characteristics on the 
lower end of the poppet adapted to engage the seat, and a nose 
portion on the poppet within the disc and projecting beyond it 
and contoured to progressively restrict the flow so that as the 
poppet moves toward and away from engagement with the 
seat, the nose portion causes maximum fluid velocity between 
the nose portion and the passage rather than between the disc 
and the seat so as to minimize the corrosive effect of the high 
velocity fluid on the disc. 

17. In a directional control valve including a valve body, a 
bore formed in the valve body, inlet and outlet passages 
formed in the valve body to carry pressurized operating fluid 
to the bore, a seat in one of the passages, a poppet mounted in 
the bore for movement toward and away from the seat with a 
head portion at one end, a plunger projecting into the bore 
and engageable with the head portion of the poppet, when it 
rises, and means for externally adjusting the plunger so that 
the maximum amount of lift of the poppet off of its seat may 
be adjusted thereby controlling the rate of flow between the 
poppet and its seat. 


