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This invention relates to hydraulic systems for auto 
matically operating two motor cylinders in sequence, and 
more particularly to the construction of the sequence valve 
that causes the automatic sequential operation. 
An object of the invention is to provide a sequence 

valve that prevents return flow therethrough while the 
motor controlled thereby is being held in operative 
position. 
A more speci?c object is to provide against return leak 

age ?ow in a sequence valve of the type that opens only 
in response to predetermined pressure but remains open 
so long as the pressure is above the predetermined value. 
Another object is to provide a simple and inexpensive 

‘valve structure that functions both as a pressure responsive 
sequence valve and a check valve to prevent reverse leak 
.age ?ow during the period when holding pressure is 
applied. , 

Still another object of the invention is to provide against 
leakage in a sequence valve of the type that opens only 
in response to a predetermined pressure but remains open 
so long as the pressure is above the predetermined value, 
wherein said valve is adapted to be used in a system in 
corporating either single or double action motor cylinders. 

Other more speci?c objects and features of the inven 
tion will appear from the description to follow. 

It is known to connect two motor cylinders in parallel 
to a single control valve and to provide a pressure-respon 
sive valve in the circuit leading to one motor so that this 
motor does not function until the pressure in the line rises 
to a predetermined value greater than that required to 
operate the ?rst cylinder. This causes the ?rst cylinder 
to operate and move through its stroke before the second 
cylinder begins to move. However when the ?rst cylin 
der has completed its stroke the pressure immediately 
rises to a pressure sufficient to open the pressure-controlled 
valve and permit flow to the second cylinder to operate 
it. Pressure controlled sequence valves of the type referred 
to remain open as long as the pressure in the line is main 
tained above the opening pressure. Theoretically, closure 
of the control valve holds pressure in the cylinder lines 
to prevent reverse movement thereof in response to the 
loads applied thereto. However, many commonly used 
control valves are not tight and permit slight leakage. 
As long as the pressure remains above the opening value 
the sequence valve will remain open and will not prevent 
such leakage. Leakage through imperfectly sealing con 
trol valves can be prevented by insertion of locking valves 
between the control valve and the cylinder. A locking 
valve contains check valves which are adapted to seat per 
fectly and prevent reverse flow except when control pres 
sure is applied to the other end of the cylinder whereupon 
a small motor piston in the locking valve lifts the check 
valve to permit the return ?ow. 
The present invention provides a single sequence valve 

so constructed that it prevents any leakage return flow, 
thereby eliminating the necessity of providing a separate 
locking valve in the system. ‘This is done by incorporating 
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a check valve in the sequence valve itself by means of a 
simple construction that does not materially increase the 
cost of the sequence valve; ' 

In the drawing: _ . 

Fig. 1 is a schematic diagram of a hydraulic system 
incorporatingone form of sequence and locking valve 
in accordance with the invention for single action motor 
cylinders; and 

Fig. 2 is a schematic diagram showing an alternative 
form of sequence and locking valve in accordance with 
the invention for double action motor cylinders. 

Referring to Fig.1, the system therein disclosed com 
prises a reservoir 10 supplying ?uid to a pump 11 which 
delivers it to a'four way control valve 12. The valve 12 
is connected to the reservoir 10 by a return line 13 and 
also has connected thereto two motor lines 14 and 15 
respectively. The motor line 14 is connected directly to 
a motor cylinder 16 and indirectly through a sequence 
valve 17 in accordance with the invention and a line 18 
to a second motor cylinder 19. 
The cylinder 16 has a'piston 16a therein adapted to be 

connected by a piston rod 16b to a load to be lifted. The 
motor cylinder 19 likewise has a piston 19a adapted to be 
connected by a piston rod 1% to a load to be lifted. It is 
to be understood that a load is constantly applied to each 
of the piston rods 16b and 1% so that the pistons are 
moved downwardly by the load whenever ?uid pressure 
is released from the cylinders. The upper ends of the 
cylinders 16 and 19 may be vented to atmosphere as 
shown. ’ V 

The selector or control valve 12 has a neutral position 
in which the pressure line from the pump 11 is connected 
directly to the return line 13, an “up” position in which 
the output of the pump is connected to the line 14 and the 
return line 13 is connected to the line 15, and a “down” 
position in which the output of the pump is connected to 
the line 15 and the line 14- is connected to the return 
line 13. ' 

The sequence and locking valve 17 comprises a body 
22 having a pair of control ports 23 and 24 connected to 
the lines 14 and 15 respectively, and a motor port 25 
connected to the motor line 18. The port 23 connects 
with a passage 27, one end of which terminates at a valve 
seat 30 and the other end of which communicates with a 
chamber 31 containing a piston 32. The other end of the 
chamber 31 connects to the control port 24. 
The body 22 also de?nes a chamber 34 which is con 

nected to the port 25. This chamber 34 contains a piston 
element of the same diameter as the'seat 30 and consist 
ing of a head 35 and a bellows 36, the head 35 being se 
cured in sealing relation to one end of the bellows 36, the 
other end of which is connected in sealing relation to the 
end wall of the chamber 34. The interior of the bellows 
so can be evacuated although this may not be necessary 
in all cases. The purposev of the bellows 36 is to isolate 
the left end of the head 35 from the chamber 34 so that 
pressure existing in the chamber will urge the head always 
in a leftward direction. 

There is normally seated against the seat 3t) a check 
valve consisting of a poppet 3'7 having a stem 37:: which 
is guided for longitudinal ‘movement in the head 35 and 
is urged toward the seat 34) by a light helical compres 
sion spring 38 which is compressed between the poppet 
37 and a ?ange 35a on the head 35. A much heavier 
helical compression spring as is compressed between the 
?ange 35a and the left end of the chamber 34. The 
spring 49, acting through the piston element head 35 and 
the stem 37a of the poppet 37 normally holds the latter 
?rmly against its seat to prevent any ?ow through the 
valve between the ports 23 and 25 respectively. How 
ever, the spring-4i) isjso proportioned as to be overcome 
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by a undetermined. pressure, in. the nastase. Z7 acting. 
against the poppet 37 so that when the pressure rises 
above the predetermined value the valve 37 is forced 
Open to permit ?ow from the port 23 into the chamber 
as. and. thence out through the port 25 to the motor 19 
If there is little resistance to movement‘ of; the, motor 19, 
the pressure will not reach a high value in the chamber 
34 until, the motor hascornpleted its movement, but there 
after the pressure will rise in the chamber 34 to the value 
existing in the passage 27. This pressure acts against 
the face of the piston element head 35 to move the latter 
to the left against the force of the spring 40, but the 
light spring 38 will still urge the poppet 37 toward the 
seat 30 to prevent any reverse, ?ow from the motor back 
to the control valve ‘12;. 

In actual operation, the load applied to the piston of 
the motor 16 might be such as to require three hundred 
pounds to elevate the piston 16a, If it is desired that 
the motor In complete its movement before the motor 1‘} 
begins to move, the spring 40, in the sequence valve 17, 

be so proportioned as to hold the poppet 37 seated 
until a substantially higher pressure, say 409 pounds, 
is developed in the passage 27. This permits a liberal 
margin. The result is that when the control valve 12 is 
moved into “up” position the motor 16 is actuated 
through its full stroke before the pressure rises in the 
line he and the passage 27 of the valve 17 suhiciently to 
unseat the poppet 37 against the high force developed 
thereagainst by the spring 40. 'However, when the motor 
16 has completed its movement, the spring 46 is corn~ 
pressed to permit the poppet 37 to open and let the line 
?uid ?ow through the valve and the line 18 to the sec~ 
ond motor 19 which. is thereupon moved through its 
stroke. When the motor 19 has completed its stroke 
there is no further ?uid ?ow to either motor and the 
output of the pump 11 is released back to the reservoir 
through the usual relief valve 50. 

If it is desired to hold both motor pistons in elevated 
position the operator will then restore the control valve 
12 to neutral position, in which the motor lines 14 and 
15 are blocked and the pump output is connected to 
the‘ return line 13. It may be assumed, however, that 
the control valve 12 is of a type that does not perfectly 
seal off the motor lines 14 and 15, with the result that 
therev is some slight leakage from the line 14 back through 
the valve 12 and the return line 13 to the reservoir. 
However, the valve 17 prevents any return leakage 

from the cylinder 19 into the port 25 and out through 
the port 23, because the poppet 37 acts as a check valve 
to prevent such ?ow even though the pressure in the 
chamber 34 is sut?cient to maintain the spring 4a com~ 
pressed so that the piston element head 35 does not con 
tact the left end of the’ valve stem 37a. 
When it is desired to permit return of the motor pis- . 

ton 1% by the force of the load applied thereto, the 
control valve 112 is moved into “down” position which 
applies the output of the pump 11 through the line 15 
to the port 24 where it is delivered to the right end of 
the chamber 31. At the same. time, the line 14 is con 
nected through the control valve 12 to the return line 
13, so that the pump output pressure is applied to the 
piston 32 to move it from right to left. This causes a 
projecting stern 32a on the piston 32 to contact the 
poppet 37 and open it to permit return ?ow from the line 
18 through the valve to the line 14 and back to the con 
trol valve 12. The area of the piston 32 is made suffi 
ciently large relative to, the area of the valve seat 30 to 
enable the piston 32 to overcome any pressure force 
that may be existing in the chamber 34 and tending to 
hold the valve 37 in seated position. 

Fig. 2 shows the application of the invention to a 
sequence and locking valve for use with two double act 
ing motor cylinders which are intended to be moved posi 
tively in both directions'by’pressure ?uid. This system, 
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a pump ill, a control ‘when, a return line 13 and 
a pair of motor lines 14 and 15 respectively. The two 
lines and 15 are directly connected to opposite ends 
of one motor cylinder 6%, and are also connected to the 
opposite ends of the second motor cylinder 61 through 
a valve 62 in accordance with" the invention. 
The valve 62- comprises a housing 63 having a pair 

of control ports 64 and 65 respectively, and a pair of 
motor ports 66 and a7. respectively, which are connected 
to opposite ends of the motor cylinder '61. 
The control ports 64 and 65: are connected directly 

to opposite ends, of a, chamber 69 containing a piston '70. 
The motor ports 66 and 67 are connected directly to a 
pair of chambers '72vand'73vrespectively, which chambers 
are respectively connected to the left and right ends of 
the chamber 69 by valve seats '74 and 75 respectively. 
A ball check valve 76 is normally held against the 

seat 7% by a piston element 78 which is positioned in the 
cnamber 72 and extends through a cylindrical passage 

communicating the left end of the chamber 72 with 
the atmosphere. The piston element is preferably pro 
vided with some form of sealing ring 82 to prevent any 
leakage therepast. The. piston element '78 has a face 
254 on its right end adapted to seal with an ori?ce 86 
which divides the chamber 72' into a main compartment 
containing the piston element 78 and a smaller com 
partment ‘8,3 in which the ball check valve 76 is located. 
A light compression spring 9!}, is interposed between the 
piston element 78 and the ball 76 to constantly urge the 
latter against the seat '74, this spring 99 being largely 
positioned in a recess 92 provided therefor in the piston 
element 78. 
The right end of the valve 62 is identical with the left 

end, containing a ball check valve 77‘,>a piston element 79, 
and a check valve spring 91, 
Each of the piston elements 78 and 79 is strongly urged 

inwardly into seating relation with the ori?ces 86 and 
87 respectively by powerful. helical compression springs 
94 and 95 respectively. 

Let it be assumed that the motor 65) is to be operated 
prior to operation of the motor '61, and that the maximum 
pressure required to move the motor- 60 is 300 pounds 
and that the springs 94 and 95 are‘ proportioned to per 
mit unseating of the piston elements 73‘ and 79 at a pres 
sure of 400 pounds per square inch. Manipulation of 
the control valve 12 into “up” position applies the output 
of the pump 11 to the line 14 and directly to the lower 
end of cylinder 60, causing, the piston therein to rise. At 
this time the pressure in, therline 14 is applied to the left 
end of the chamber 69, moving the piston 70 therein to 
the right and causing it to unseat the check valve 77 and 
the piston element 79 so that the, upper end of the motor 
61 is connected to the return line 15. However the motor 
61 does not operate atthistime because no pressure ?uid 
is applied to its lower end; 

After the motor 64) has completed its stroke,‘ the pres 
sure rises in the line 14 and. in the left end of thecylinder 
69 to 400 p. s. i., which, acting against the right end of 
piston element ‘78 is sufficient to overcome the spring 94. 
The check valve 76 therefore opens andthe piston element 
78 is moved away from the ori?ce 36 su?icient ‘to permit 
the flow of ?uid through theport 66 to the lower end of 
the motor, 61, causing the latter to move through its 
stroke. When the motor 61‘ has completed its stroke 
the pressure rises to a high value in the chamber 72, 
which pressure acting against‘ the piston element 78, 
holds it away from the ori?ce. 84. When the control 
valve 12 is subsequently restored to neutral position the 
high pressure is maintained in the chamber 72 and in the 
lower end ofv the .motor 61 despite any leakage through 
the control valve 12, because the ball check valve '76 is 
strongly seated in response to the pressure and prevents 
any leakage from the port 66 to the port 64. 
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When the motors are to be reversed the control valve 
12 is moved into its opposite end position, that is, the 
“down” position, under which condition the pressure ?uid 
is applied to the line 15 and the line 14 is connected to 
return. The operation in this direction is exactly the 
same as that described except that now it is the ball check 
valve 76 and the piston element 78 that are maintained 
unseated by the piston 70, and the piston element 79 is 
moved into open position in response to the pressure in 
the line 15 only after motor 60 has completed its stroke. 

It will be observed that the systems of Figs. 1 and 2 
respectively utilize two different methods of making the 
piston element 35 responsive to the pressure in the cham 
ber 34 without introducing a pressure drop between the 
ports 23 and 25 in Fig. 1 and the ports 64 and 66 in Fig. 2. 
In Fig. 1 this is done by means of the bellows 36 which 
keeps pressure o? the left face of the piston head 35. In 
Fig. 2 pressure is kept off the left face of the piston ele 
ment 78 by exposing the left end or face thereof to atmos 
pheric pressure. It is usually desirable to utilize as fully 
as possible the available pressure to operate the second 
motor 19 or 61 as the case may be. If-the spring 40 
or the spring 94 is overcome by a pressure of 400 pounds 
and 500 pounds is required to move the motor 19 or 61, 
then only 500 pounds pressure needs to be delivered by 
the pump 11 in each case, because there will be no pres 
sure drop in the valve 17 or the valve 62. Whenever the 
pressure in the chamber 34 in Fig. 1 or the chamber 72 in 
Fig. 2 exceeds the value necessary to overcome the spring 
40 or the spring 94, then the only resistance to ?ow from 
the pump through the valve to the motor cylinder is the 
negligible pressure drop across the check valve produced 
by the light spring 38 in Fig. 1 or the light spring 90 in 
Fig. 2. Obviously the bellows 36 of Fig. 1 could be sub 
stituted for the cylinder 80 in Fig. 2 and vice versa. 

It is usually desirable to make the effective pressure 
area of the piston element 35 the same as the area of the 
seat 30 in Fig. 1 and make the area of the portion of the 
piston element exposed to atmosphere in Fig. 2 of the 
same area as the ori?ce 86 so that the pressure required 
to hold the springs 40 and 94 compressed is the same 
as the pressure required to initially compress them. 

It will be apparent that the valve construction described 
prevents leakage only from the second cylinder 19 in 
Fig. l and 61 in Fig. 2. It does not prevent leakage from 
the ?rst cylinder back through the control valve. If it is 
desirable to prevent such leakage it can be done by means 
of a conventional locking valve. 
Although for the purpose of explaining the invention, 

a particular embodiment thereof has been shown and de 
scribed, obvious modi?cations will occur to a person 
skilled in the art, and I do not desire to be limited to 
the exact details shown and described. 

I claim: 
1. A valve of the type described for connection be 

tween a control valve and a motor comprising: a body 
having a motor port and a pair of control ports and 
de?ning a chamber connected to said motor port; a check 
valve connecting said chamber to one control port opera 
tive to open in response to ?ow from said one control 
port to said chamber; a piston element cooperating with 
said check valve and movable into and out of a position 
in which it resists free opening of said check valve, yield 
able means interposed between said piston element and 
check valve urging said check valve toward a position to 
prevent ?ow from said chamber to said one control port, 
force means exerting a predetermined force on said piston 
element urging it into said position for resisting opening 
of said check valve, said piston element including two 
opposed faces one of which constitutes a surface exposed 
to the pressure in said chamber and so directed and pro 
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6 
portioned that predetermined pressure thereon acts to 
overcome said force means and move said piston element 
out of said position to permit normal check valve action 
of said check valve, the other face being associated with ' 
means isolating said other face from existing pressure in 
said chamber; and means in said valve body, responsive 
to a selected pressure in said other port, said last men 
tioned means being engageable with the check valve and 
operative to overcome the force of the yieldable means 
interposed between the check valve and the piston to per 
mit ?ow between the chamber and the ?rst mentioned 
control port. 

2. Apparatus according to claim 1 in which said check 
valve comprises a valve seat of substantially the same area 
as said piston element face and aligned with said piston 
element and a poppet interposed between said seat and 
said piston element and normally seated by said piston 
element. 

3. A valve of the type described for connection be 
tween a control valve and a motor comprising: a body 
having a motor port and a pair of control ports and 
de?ning a chamber connected to said motor port; a 
check valve connecting said chamber to one control port 
directed to open in response to ?ow from said one control 
port to said chamber; a piston element cooperating with 
said check valve and movable into and out of a position 
in which it resists free opening of said check valve, force 
means exerting a predetermined force on said piston ele 
ment urging it into said position for resisting opening of 
said check valve, said piston element having a surface 
exposed to the pressure in said chamber and so directed 
and proportioned that predetermined pressure thereon 
acts to overcome said force means and move said piston 
element out of said position to permit normal check valve 
action of said check valve; said piston element including 
opposed faces one of which constitutes said exposed sur— 
face, and means isolating the other face from pressure 
in said chamber; means responsive to pressure in the other 
control port for mechanically opening said check valve; 
said chamber comprising two compartments joined by an 
ori?ce aligned with and of the same area as- said one 
piston element face, one compartment being connected 
to said motor port and containing said piston element 
and the other compartment containing and being con 
nected to said one control port by said check valve, said 
piston element being in sealing engagement with said 
ori?ce in said position and clear of said ori?ce when out 
of said position, and said second compartment and check 
valve being so longitudinally dimensioned that when me 
chanically opened said check valve mechanically displaces 
said piston element from said ori?ce. 

4. Apparatus according to claim 3 including light spring 
means for maintaining said check valve seated in the 
absence of other forces thereon. _ 

5. Apparatus according to claim 3 in which said check 
valve comprises 1a valve seat of substantially the same area 
as said piston element face aligned with said piston ele 
ment and a spring urged ball check member interposed 
between said seat and said piston element and normally 
seated by said piston element. 
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