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This invention relates to a device for timing the opera 
tion of a valve system. 
The main object of the invention is to provide a device 

of this type, wherein the timing is ensured by a liquid 
pressure responsive valve actuating piston associated with 
suitable return means having at least its active stroke 
hydraulically controlled by a preferably sharp-edged cali 
brated orifice through which hydraulic liquid flows as the 
valve actuating piston is displaced. 

With this arrangement, the speed of displacement of 
the valve actuating piston is regulated and substantially 
proportional to the square root of the pressure of the said 
hydraulic liquid. 

Another object of the invention is to associate the 
above-described liquid pressure responsive valve actuat 
ing piston with a valve system so as to actuate Succes 
sively a number of valves as the valve actuating piston 
travels its active stroke and/or its return stroke. 

Still another object of the invention is to provide such 
a time-controlled valve system with a primary control 
valve operatively connected with the abovementioned 
liquid pressure responsive valve actuating piston to con 
trol its feeding and/or the exhaust of hydraulic liquid 
therefrom. Under these conditions, the instant of ac 
tuation of said primary control valve constitutes the time 
origin for the timing of the valve system. More pre 
cisely, the origin of the timing operations during the 
active stroke of the valve actuating piston will corre 
spond to the actuation of the primary valve for feeding 
the valve actuating piston, while the origin of the timing 
operations during the return stroke will correspond to 
the actuation of the primary valve for exhaust of liquid 
from the valve actuating piston. 

Therefore, the present invention has for an object to 
provide a flow-controlling means interposed in a liquid 
utilization circuit between a source of liquid under pres 
sure and a pressure-liquid receiving line which includes 
a chamber of a predetermined volume, a first conduit 
means between the source and the chamber and second 
conduit means between the source and the line. Cali 
brated restriction means are interposed in both said first 
and second conduit means so as to be effective to main 
tain similar flow characteristics therein, and valve means 
are operatively associated with said first and second con 
duit means and operable when open to establish tWo 
liquid flows through the restriction means. In addition, 
manually actuated means are provided to operate the 
valve means in the first conduit means to open position, 
whereupon responsive to fluid entering the chamber means 
are effective to substantially simultaneously cperate the 
valve means in the second conduit means to open posi 
tion. Further valve means are operably associated with 
said second conduit means to be capable of changing the 
flow conditions between the source and the line, and 
means are provided operable responsive to the filling of 
the chamber to open said further valve means to effect 
change of flow conditions, whereby a predetermined vol 
lume of liquid substantially proportional to the volume of 
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the chamber is supplied to said line before said further 
valve means opens regardless of variations in the pres 
Sure of the source. 
A more specific object of the invention is to provide 

a valve system including a timing device of the type 
described, wherein at least one of the controlled valves 
is interposed in a hydraulic circuit fed with pressure 
liquid from the same source as said valve actuating piston, 
sharp-edged orifices being interposed both in said circuit 
and in the pipe system of the valve actuating piston and 
wherein said valve actuating piston is operatively con 
nected with said last-mentioned valve in such a manner 
that the said valve is open during a predetermined frac 
tion of the stroke of said valve actuating piston. 

In connection with the timing system or flow-control 
ling means of the invention, it is to be expressly pointed 
out that the pressure in the source, being constituted by 
an oleo-pneumatic accumulator, is so high that the effect 
of any back pressure load on the liquid-receiving line is 
negligible. 
With this arrangement, the volume of liquid flowing 

in said circuit when said valve is open is well-defined. 
This results from the facts that the volume of liquid flow 
ing to or from the chamber containing said valve ac 
tuating piston within the said stroke fraction is well 
defined while said volumes are both proportional to 
the square root of the pressure drop in said source and 
hence, in a constant ratio. 
p being the pressure in the source, 
t the duration of the valve actuating piston stroke 

within which the said valve is open, 
vo the amount of liquid flowing into or from the said 

Valve actuating piston as the same effects the said stroke, 
due to the presence of the sharp-edged orifice in the pipe 
System of the valve actuating piston, the said amount of 
liquid may be expressed as follows: 

K? being a constant. 
Similarly, Uo being the volume of liquid flowing in 

the utilization circuit within the time t during which 
the valve is open, owing to the presence of a sharp-edged 
orifice in the said circuit is: 

Uo=t KVip 
K2 being a constant. 
The ratio between these two volumes is then: 

constant=??YE=A??A"= 22 Uo tikvp K. 
Now, 

voslxS 
l being the length of the above-mentioned valve actuat 
ing piston stroke and S being the cross-section of the 
valve actuating piston. 

Thus, finally: 
vMMW K UO = XS X K 

which formula exclusively includes fixed or constant 
values, so that Uo has a well-defined value that depends 
neither on the pressure in the source nor on the duration 
of the fraction of the valve actuating piston-stroke during 
which the valve is open. 

In other words, this arrangement permits flowing 
through a utilization circuit a predetermined amount of 
liquid even if the pressure in the source of said liquid 
happens to vary. Thus, a well-defined and limited flow 
of liquid will be obtained whenever the primary valve of 
the system is actuated. For example, this will permit im 
parting a stroke of well-defined amplitude and regulated 
speed to a liquid pressure responsive valve actuating pis 
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ton by a mere push-button like actuation of a primary 
valve. ? ?? 

A more specific object of the invention is to provide a 
valve system of the type described, adapted to ensure 
feeding of a utilization circuit with pressure liquid in two 
successive steps corresponding to different rates of flow. 
A still more specific object of the invention is to pro 

vide a valve system of the type described in the last para 
graph, wherein the first step of feeding is controlled by 
a valve associated with a sharp-edged orifice, as described 
above, and wherein the feeding of the utilization circuit 
is ensured by the same source as the feeding of the actu 
ating piston. 
With this arrangement, during the said first step, the 

utilization circuit is fed with a predetermined amount 
of liquid. 

In an embodiment of the invention, the two-step opera 
tion of the above-described valve system is preceded by 
the closing of a discharge valve for the liquid pressure 
responsive valve actuating piston, which valve is open 
when the said actuating piston is not fed with pressure 
liquid. In this embodiment, the operation of the valve 
system comprises three steps. Step 1: preliminary stroke 
during which the exhaust valve is closed; step 2: prede 
termined stroke within which only one valve is open; 
step 3: final stroke during which the second valve is 
opened, the first one remaining open or not. 

Still another object of the invention is to control a 
second utilization circuit by means of the primary valve 
of the valve system described above, the said second 
utilization circuit being not, however, under the control 
of the liquid pressure responsive valve actuating piston. 
This permits disposing of a second control means actu 
ated before the actions controlled by the valve system 
both during the active and the return strokes of the actu 
ating piston. 

Preferred embodiments of the invention will be herein 
after described with reference to the accompanying draw 
ings, given merely by way of example. 

In these drawings: - 
Figure 1 is an axial sectional view of a valve system 

controlled by a liquid pressure responsive valve actuating 
piston, according to the invention, for ensuring two dif 
ferent rates of feeding of a utilization circuit. 

Figure 2 is a similar view of another embodiment in 
which the said valve system further ensures, prior to said 
feeding, the interruption of an exhaust circuit. 

in both embodiments shown in the drawings, the liquid 
pressure responsive valve actuating piston provided for 
controlling the operation of the valve system comprises 
a piston 1 slidably mounted in a cylinder formed in a 
casing 2. The valve system controls the feeding of a 
utilization circuit 3 from a source of hydraulic fluid con 
stituted in the example shown, by an air-and-oil accumu 
lator 4. 
The outlet pipe of the accumulator 4 is shown at 5 

and 6 denotes a pipe feeding the utilization circuit 3 
under the control of the valve system. 

In the examples shown the actuating piston itself is 
fed from the accumulator 4 through the above-mentioned 
outlet pipe 5 and another pipe 7, on which are interposed 
suitable means for controlling the feeding and/or ex 
haust of the said actuating piston. In both examples 
shown, said means are constituted by a primary valve 8 
comprising a ball 9 continuously urged towards its seat 
by a spring 10. The ball 9 may be taken off its seat by 
means of a manual control knob 11 of which the return 
spring is shown at 12. 
An exhaust controlling sliding valve 39 is interposed 

between the push knob 11 and the ball 9. 
When the knob 11 is depressed the sliding valve 39 

first closes an exhaust outlet 42 and then the ball 9 is 
taken off its seat to establish a communication between 
the already mentioned feeding pipe 7 and a longitudinal 
passage 13 leading directly to the cylinder or chamber 
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accommodating piston 1. Conversely, at rest, the ball 9 
interrupts the said communication while the sliding valve 
39 is clear of or uncovers the outlet 42, so as to establish 
a communication through an exhaust pipe 40 between the 
longitudinal passage 13 and a tank 38. 

In the examples shown, the actuating piston 1 is con 
tinuously urged towards its resting position by a spring 
14. It carries a rod 15 tightly sliding in a hollow axial 
boss 16 of the casing 2. The cylindrical bore 18 of the 
boss 16 communicates at its lower end with a counter 
bore 59 of greater diameter, an annular shoulder 20 
inter-connecting the inner walls of said bore and counter 
bore. 

In the counter-bore 19 is slidably mounted a hollow 
cylindrical valve 21, provided with a reinforced end 21, 
which remains outside the counter-bore 19 in the cylin 
drical chamber 22, which has a diameter greater than 
that of the said counter-bore, and which is connected 
therewith through a frusto-conical shoulder 23 that con 
stitutes the seat of the movable valve 25. The latter 
is continuously urged towards the said seat by a spring 
24. The chamber 22 communicates with the above men 
tioned pipe 6 through an axial passage 25 provided in 
the head 26 of the casing. The valve 21 controls the 
communication between the said chamber 22 and a radial 
outlet 27 that communicates with the utilization circuit 3 
through the counter-bore i9. 
The valve 2 further comprises an axial cylindrical 

bore 28 opening in its upper face and a counter-bore 
29 leading to its other face, i.e. to the chamber 22; 
the said counter-bore 29 is connected with the bore 28 
through an annular shoulder 30 acting as a seat for 
a ball 3. 
The freedom of the motion of the ball 31 in the 

counter-bore is limited by a thin partition 50 provided 
with a central calibrated hole 5 preferably constituting 
a sharp-edged orifice. 
The rod 5 of the piston 1 is integral with a needle 

32, the lower end of which is adapted to actuate the 
ball 31. For this purpose, the needle 32 is, of course, 
longer than the bore 28 to a predetermined extent of 
which the exact value will be defined later. 

Finally, in the example shown in Figure 1, a sharp 
edged orifice 33 is interposed on the pipe 7, i.e. between 
the source of hydraulic fluid 4 and the primary valve 8. 
Under these conditions, the exhaust of liquid from 

the actuating piston through the outlet 42 is not opposed 
by the sharp-edged orifice 33 which only controls the 
feeding of the actuating piston. 

This device operates as follows: 
When the control knob 11 is depressed, it first closes 

the exhaust outlet 42 and takes the ball 9 of its seat to 
establish a communication between the actuating piston 
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and the accumulator 4 under the control of the orifice 
33. Oil from the accumulator 4, is then sent to the 
actuating piston with a rate of fow which, as indicated 
in the preamble, is substantially proportional to the 
square root of the pressure in said accumulator. 

Immediately after leaving its resting position (or after 
a neutral stroke corresponding to the clearances existing 
in the mechanism), the piston 1 lifts the ball 31 through 
the rod 15 and the needle 32 to establish a communica 
tion between the accumulator 4 and the utilization cir 
cuit 3 under the control of the sharp-edged orifice 51 
through the pipes 5 and 6, the axial passage 25, the 
chamber 22, the sharp-edged orifice 51, the counter-bore 
29, the bore 28, the radial port 43, the counter-bore 19 
and the outlet 27. From this moment, the circuit 3 is 
fed with a rate of flow which is substantially propor 
tional to the square root of the pressure in the accumula 
tor 4. Under these conditions, the amount of oil sent 
into the utilization circuit within a given time, is propor 
tional to the amount of oil sent into the chamber ac 
commodating the actuating piston within the same time. 
These conditions prevail as long as the end 15 of the 
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rod 15 does not come into contact with the valve mov: 
able member 21 as described hereafter. 
As a result, during that portion of the stroke of pis 

ton 1, which is comprised between the opening of the 
valve 21 and the actuation of the valve 3, a predeter 
mined amount of oil, independent of the pressure, is sent 
into the utilization circuit 3. 
As it continues its stroke, the piston i after its rod 

15 has come into contact with the valve member 21, 
lifts the latter off its seat, which establishes a second 
higher rate of feeding including, on the one hand, a 
direct flow from the accumulator 4 towards the utiliza 
tion circuit 3 through the pipes 5 and 6, the axial inlet 
25, the chamber 22, the counter-bore 19, and the outlet 
27, and, on the other hand, a flow through the above 
described circuit passing through the sharp-edged orifice 
51. This is due to the fact that in both examples shown, 
during this second step of the operation of the valve sys 
tem both valves 31 and 21 are simultaneously open. 

In the embodiment of Figure 2, the above described 
valve system ensures, further to the two previously de 
scribed rates of feeding, the prior closing of an exhaust 
valve 44 integral with the needle 32 and co-operating 
with the seat 45 integral with the rod 15, the said valve 
44 being open when the actuating piston is not fed to 
establish a communication between the utilization circuit 
3 and an exhaust pipe 37 leading to a tank 38 through 
the counter-bore 19, a longitudinal passage 34 provided 
along generatrices of the valve 21, an axial bore 35 of 
the piston rod 15, a radial port 36 in the wall of the 
said rod and the main bore of the casing 2. 
The closing of the valve 44 is ensured at the begin 

ning of the stroke of the piston by the seat 45 which 
is pressed against the said valve whereupon this push 
ing connection allows the opening of the valve 3 by 
the needle 32 against the action of a spring 55 which 
ensures both the return of the movable assembly 44-32 
and the tightness of the exhaust valve. 

This device is completed, in the example shown in 
Figure 2, by a derivation line 41 provided to feed a 
second utilization circuit in parallel with the circuit 3 
without this second feeding being subjected to the control 
of the valve 2i. On the other hand, in this example, 
the sharp-edged orifice 33 is interposed between the root 
of the line 41 and the actuating piston. Owing to this 
arrangement, the feeding and the exhaust of the actuat 
ing piston are both controlled by the sharp-edged orifice 
33, while the latter has no action whatsoever on the 
second utilization circuit associated with the derivation 
line 41. The feeding and exhaust of this second circuit 
are however controlled by the primary valve 8. 

In a general manner, while it has been, in the above 
description, disclosed what deemed to be practical and 
efficient embodiments of the invention, it should be well 
understood that it is not wished to be limited thereto as 
there might be changes made in the arrangement, disposi 
tion and form of the parts without departing from the 
principle of the present invention. 

Furthermore it should be pointed out that in this speci 
fication as well as the appended claims, the control of a 
rate of flow by means of a sharp-edged orifice as a func 
tion of a pressure in the source does not mean the abso 
lute pressure in the source, but its relative pressure with 
respect to that of the system to be fed. This simplifica 
tion is perfectly justified particularly in the example de 
scribed since during the first time of the operation of 
the valve system the pressure in the assembly and the 
pressure in the utilization circuit are both practically 
negligible with respect to the absolute pressure in the 
SO UTCC. 
What is claimed is: 
1. A flow-controlling means interposed in a liquid 

utilization circuit between a source of liquid under pres 
Sure and a pressure-liquid receiving line, comprising means 
defining a chamber of a predetermined volume, a first 
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6 
conduit means between the source and the chamber and 
a second conduit means between the source and the line, 
calibrated restriction means interposed in said first and 
second conduit means and effective to maintain similar 
flow characteristics therein, valve means operatively asso 
ciated with said first and second conduit means and oper 
able when open to establish two liquid flows through 
said restriction means, manually actuated means to operate 
the valve means in said first conduit means to open posi 
tion, means operable responsive to flow of liquid into said 
chamber to substantially simultaneously operate the valve 
means in said second conduit means to open position, 
further valve means operable to change the flow condi 
tions between said source and said line, and means oper 
able responsive to the filling of said chamber to open 
said further valve means to effect said change of flow 
conditions, whereby a predetermined volume substan 
tially proportional to the volume of the chamber is sup 
plied to said line before said further valve means opens 
regardless of variations in the pressure of the source. 

2. A flow-controlling means interposed in a liquid util 
ization circuit between a source of liquid under pressure 
and a pressure liquid-receiving line, comprising means 
defining a chamber of a predetermined volume, first con 
duit means between said source and chamber, second 
conduit means between said source and said line, cali 
brated restriction means interposed in said first and sec 
ond conduit means and effective to maintain similar flow 
characteristics therein valve means between each restric 
tion means and said chamber and line respectively and 
operable when open to establish two liquid flows through 
said restriction means, manually actuated means to oper 
ate the valve means in said first conduit means to open 
position, means operable responsive to flow of liquid into 
said chamber to substantially simultaneously operate the 
valve means in said second conduit means to open posi 
tion, further valve means operable to change the flow 
conditions between said source and said line, and means 
operable responsive to the filling of said chamber to open 
said further valve means to effect said change of flow 
conditions, whereby a predetermined volume substan 
tially proportional to the volume of the chamber is sup 
plied to said line before said further valve means opens 
regardless of variations in the pressure of the source. 

3. A flow-controlling means as claimed in claim 1 
including a casing, said casing having a cylindrical piston 
accommodating portion therein, a piston within said por 
tion, said chamber being defined by the interior of said 
portion and a face of the piston, said first conduit means 
comprising an inlet port means associated with the casing 
in axially spaced relation with respect to said piston, said 
casing having passage means therein having one end in 
communication with said piston accommodating portion . 
and the other end in communication with said inlet port 
means, said passage means further having a surface in 
corporated therewith defining a valve seating, said first 
mentioned valve means including a first movable valve 
operatively associated with said passage means between 
Said inlet port and said piston accommodating portion 
and means normally holding said first movable valve on 
said valve seating, means operably associated with said 
piston and normally urging the same axially of said casing 
to a position in which the interior of said piston accom 
modating portion of the casing has minimum volume, 
said second conduit means comprising an outlet port 
associated with said casing in axially spaced relation 
with respect to said piston, a second inlet port associated 
with said casing in axially spaced relation with respect to 
said first inlet port and means in the interior of said 
casing defining a further passage providing communica 
tion between said second inlet port and said outlet port, 
a Second valve Seating in said further passage, both said 
first and second mentioned inlet ports being in com 
munication with said source of liquid under pressure, 
said further valve means being movable and operatively 
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associated with said second-mentioned valve seating, 
means normally urging said further valve means to closed 
position on said second valve seating, said further valve 
means having a chamber therein, one of said calibrated 
restriction means being incorporated with said further 
valve means between said chamber and said second inlet 
port, said first-mentioned valve means also including a 
second movable valve operably associated within said 
chamber for normally preventing the passage of liquid 
to said outlet port, said further valve means having a 
port means therein providing communication between 
said chamber and said outlet port when said second 
movable valve is open, the means operable responsive 
to the filling of said chamber including means operably 
coupled to said piston to engage said further valve means 
to move the same to open position in response to a prede 
termined piston movement toward said outlet port when 
said first movable valve is open and fluid flows from 
source to the piston accommodating portion of the casing, 
the expansion of the volume of said piston accommodat 
ing portion in response to piston movement sufficient 
to open said further valve means defining the predeter 
mined volume of said chamber, the means operable re 
sponsive to the flow of liquid into said chamber including 
additional means coupled with said piston for initiating 
movement of said second movable valve in response to 
initial movement of said piston, the other of said cali 
brated restriction means being interposed between said 
source and said piston accommodating portion of the 
casing, and said manually actuated means including a 
movable member for initiating opening movement of 
said first movable valve whereby fluid flows from source 
into said piston accommodating portion to initiate move 
ment of said piston toward said outlet port, so as to 
move said second movable valve to open position to 
Substantially simultaneously establish communication be 
tween source and said outlet port whereby said two liquid 
flows of similar characteristics are established following 
which, in response to further movement of said piston, 
said further valve means is opened to establish different 
flow conditions from source through said outlet port. 

4. A flow-controlling means as claimed in claim 3 in 
which said manually actuated means comprises a push 
button, spring means normally urging the same to inopera 
tive position, said movable member being mounted in 
alignment with said push button so that upon depression 
of the push button said member engages said first movable 
valve to move the same to open position. 
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5. A flow-controlling means as claimed in claim 4 
and further including a second outlet port for connection 
to a second line, said second outlet port being associated 
with said casing and with said first-mentioned passage 
means downstream of said first movable valve, an ex 
haust port operably associated with said casing and said 
first passage means, said movable member of the man 
ually actuated means being adapted to close said exhaust 
port before opening said first movable valve, a second 
exhaust port associated with said casing between said 
piston and said first outlet port, said means in the inte 
rior of the casing defining said further passage means 
including a boss within the casing having a tubular ex 
tension accommodating said further valve means and 
said second valve seating, said further valve means hav 
ing a diameter less than said tubular extension so as 
to define a fluid passage on the interior of said extension, 
the means extending between said piston and said second 
movable valve including a tubular portion having a port 
for communication with said second exhaust port and a 
spring biased valve member accommodated by said fur 
ther valve means, said spring biased valve member being 
normally open, whereby with both said first and second 
mentioned movable valves closed fluid can flow to ex 
haust from said first-mentioned line through the tubular 
extension of said boss, past said last-mentioned movable 
valve member and out of the casing through said second 
exhaust port whereas in response to actuation of said 
push button said movable member moves said first mov 
able valve to open position, fluid enters the piston ac 
commodating portion after passing through one of said 
calibrated restriction means, said piston moves toward 
said first outlet port so as to substantially simultaneously 
close communication with said second exhaust port and 
move said second movable valve to open position to 
permit fluid to flow out of said outlet port through said 
other calibrated restriction means whereupon further pis 
ton movement initiates opening movement of said further 
valve means through which liquid flow continues from 
source through said first outlet port. 

References Cited in the file of this patent 
UNITED STATES PATENTS 

1592,951 McLaughlin ------------ July 20, 1926 
2,073,168 Newell ----------------- Mar. 9, 1937 
2,564,896 Gustafsson ------------ Aug. 21, 1951 
2,663,500 Holtzclaw -------------- Dec. 22, 1953 
2,780,296 Heigis ----------------- Feb. 5, 1957 


