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9 Claims. 
This invention relates to a hydraulically actu 

ated member and speed control therefor, and has 
to do particularly with liquid actuated devices 
which are subject to a variable speed or a. vari 
able load. 
This application is a division of my copending 

application Serial No. 543,908, ñled June 12, 1931, 
since abandoned. 

Heretofore, in the control of the speed of liquid 
actuated devices, such as machine tools and the 
like, it has been the practice to make use of sys 
tems embodying either a variable displacement 
pump or a constant displacement pump. In sys 
tems using variable pumps, it is the practice to 
set the pump corresponding to a certain load and 
predetermined speed. Theoretically, such vari 
able pump should maintain a constant speed of 
the liquid actuated element regardless of a vary 
ing load, but practically, there is a change in 
slippage in such pumps which results in a slow 
ing down when an increased load is met or an 
increase in speed equivalent to the amount of 
slippage when load is released. In practice, in 
systems using variable pumps, fairly good results 
are often obtained when the work is iìrst set up, 
but when the oil warms up and thins, and as 
the tools become dull, there is a noticeable slow 
ing up due to a change in the slippage in the 
variable pump. 
In control systems utilizing constant displace 

ment pumps, present practice is to control the 
speed of the actuated member by the use of 
throttle valves placed either in the intake or 
discharge sides of the actuating cylinder. In 
such systems, however, it has been impossible to 
maintain aconstant speed of actuated member 
due to change in differential pressure across the 
throttle valve with the result that the speed 
varies with the change in load on actuated 
member. _ 

It is the object of the present invention to 
provide means operating independently of the 
particular type of pump used and independently 
of the viscosity »of the liquid used, to uniformly 
and positively control the speed of any liquid 
actuated member; this control of speed being 
either uniform regardless of the load, or variable 
relative to any change in load. More speciñ 
cally, the present invention utilizes the principle 
that if a given pressure diiferential is maintained 
across a given size orifice the flow through said 
orifice will remain constant. 
An important feature of the present invention 

resides in the fact that my speed control means 
is placed in the discharge side of the system in 
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order to prevent undesired movement in case of 
change in the load from positive to negative, 
although it will be understood that very efficient 
results may be obtained if the unit is placed 
ahead of the liquid actuated device in any other 
case. 

My complete system, as contemplated in the 
present invention, embodies a liquid actuated 
member such as a machine tool element which 
is subjected to a variable load either positive or 
negative during its movement in any given direc 
tion, a source of ñuid supply under pressure, an 
oriñce regulable to control the ñow of liquid 
therethrough, and hence the speed of the liquid 
actuated element, and means operating in com 
bination with the other elements of the system 
to positively control the pressure diiîerential 
across the oriñce to maintain or control the pre 
determined speed. This means embodies a hy 
drostatic pressure regulating valve, preferably in 
combination as a single unit with a variable 
oriñce, said hydrostatically operating valve being 
so arranged and proportioned that any change 
in pressure due to a change in load can be made 
to increase, decrease or maintain the pressure in 
a certain part of the valve and hence cause the 
differential pressure across the orifice to either 
increase, decrease, or maintain constant the 
speed of the liquid actuated element, as desired. 
Other features, including the lapplication of 

the balanced pressure regulating valve to and in 
combination with the general' system and the 
structural details of the valve itself, will be more 
clearly brought out in the specification and 
claims. 
In the drawings: 
Fig. 1 is a somewhat diagrammatic view of a 

complete liquid circulating system embodying the 
present invention, and showing particularly the 
manner of connecting my speed control valve 
into the system whereby to control the speed oi 
the liquid actuated element in one direction. 

Fig. 2 is a sectional view of my hydrostatic 0I 
speed control valve as embodied in a single com 
plete unit, the balanced valve being shown in 
raised seated position. 

Fig. 3 is a front elevation of the complete unit 
and showing the adjustable indicating lever for 
regulating the size of the discharge orifice. 

Fig. 4 is a fragmentary sectional view of the 
end of the balanced valve and showing a modi 
fied manner of varying the eifective diameter of 
one end of the valve.v 

Fig. 5 is a somewhat diagrammatic assembly 
view of a circulating system embodying the pres 
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ent invention and showing the manner of con 
necting my speed control valve into the discharge 
side of the system, and controlling the speed of 
the liquid actuated member in opposite direc 
tions of movement. 

Fig. 6 is a view similar to Fig.,5, but illustrat 
ing the manner of connecting the speed control 
unit into the intake side of the system. 

First taking up the description of the speed 
control or hydrostatic valve as an integral unit 
of manufacture, and as best shown in Figs. 2 
and 3, it will be seen that said valve consists of 
a housing 2 which is provided with a chamber 3 
in communication with the incoming liquid and 
a chamber 4 for connecting a balanced inlet 
valve 5 and a variable oriiice outlet valve 6. This 
outlet valve 6 controls the volume of liquid pass 
ing into the outlet 1. 
The balanced valve 5 is connected by means 

of a stem 8 to a piston 9, the diameter A1 of the 
stem at the point III being predetermined rela 
tive to the effective diameter AT of the valve 5 
at its valve seat. Under usual conditions, the 
diameter of the portion I0 of the valve stem 
will be equal to the effective diameter of the 
valve 5, but such respective diameters may be 
varied as will be later described. In Fig. 2, di« 
ameter A2 is shown smaller than diameter A1. 
A coil spring II of predetermined pressure is so 
positioned as to normally tend to open the valve 
5. The chamber 4 is in direct communication 
with a'chamber I2 on one side of the piston 9 
by means of a passageway I3 so that the strength 
of the spring II as balanced against the pres 
sure upon the area. of the piston 9 determines , 
the opening of the valve 5. 
The space I4 on the other side of the piston 

3 is in communication, by means of the pas 
sageway I5, with the outlet passageway 1 to com 
pensate for any back pressure under any oper 
ating conditions, as, for instance, when a long 
pipe connected to the outlet 1 would set up 
a material amount of resistance. The back pres 
sure in the line 1 will vary and one of the 
varients will be the length of the pipe 1, but as 
the back pressure in the pipe I5 is effective 
against the top of piston 9 it will be seen that 
the combination of the spring II, piston 9, con 
duit' I3, valve 5, and oriñce 6 will maintain head 
in the chamber 4, or in other words, a constant 
diñ‘erential pressure across the orifice regardless 
of the amount of back pressure in pipe I5. Be 
cause of the arrangement of the conduit I5 con 
nected to the top of the piston 9, whatever back 
pressure there might be in the line 1 will have 
no effect whatsoever upon the differential across 
the orifice E but, of course, it would change the 
actual pressure within the chamber 4. In other 
words, let us assume that the actual pressure 
in the chamber 4 is ñfteen pounds and the back 
pressure zero, now if a back pressure should be 
set up in 1, say, twenty pounds, then the actual 
pressure in the chamber 4 would be thirty-iive 
pounds, thus leaving a differential head of fifteen 
pounds the same as before. It will be obvious 
that the same is true regardless of whether the 
valve is balanced or unbalanced. 
The housing 2 also preferably provides a suit 

able bearing for supporting a shaft I 6 rigidly 
connected to the variable oriñce valve 6 and 
actuated by means of a suitable lever I1. It 
will thus be evident that the orifice may be 
readily adjusted to any predetermined opening 
by moving the lever I1 to the desired point on 
the graduated scale at the face of the unit. 
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2,272,684. 
The operation of the detailed part of the hy 

drostatic valve as shown in Fig. 2, and the util 
ization of the same in controlling the speed of 
the liquid actuated element may best be under 
sto/od by describing the operation of the com 
plete liquid circulating system. Referring to 
Fig. l, for instance, wherein a simple circuit is 
shown as comprising a constant displacement 
type pump I8, a relief valve I9, a four-way con 
trol valve 20, a cylinder 2I containing a liquid 
actuated element or piston 22, a check valve 23, a 
feed control valve 2, and a tank 24; the liquid 
flows through the pump I8, relief valve I9 and 
four-way valve 2U, to one end of the cylinder 
2|, thus exerting pressure on the head of the 
piston as indicated by the arrows. This pressure 
tends to move the actuated element or piston 22 
in one direction and to force the liquid on the 
other side of the _piston out through the pipe 25. 
As the check valve 23 will prevent flow there 
through in this direction, the liquid will be forced 
to enter the chamber 3 of the valve housing 2. 
The spring II will normally hold the valve 5 
open and liquid entering from the pipe 25 will 
iill the chamber 3 and chamber 4 and enter the 
passageway I3 and fill the chamber I2 thus creat 
ing a pressure under the piston 9 tending to 
move it towards valve closing position. It will 
be seen that if this pressure should be sufiicient 
ly high, it would completely overcome the spring 
II and close the valve 5 against the removable 
seat 26. 
Upon moving the valve 6 by the handle I1 to 

any selected point, the liquid will flow through 
this valve and through the pipes and control 
valve 20 back to the tank. Now, when this 
valve 6 is open and the liquid allowed to escape 
from the chamber 4, a pressure drop occurs 
which will result in the spring II opening the 
Valve 5 and admitting additional liquid to the 
chamber 4 whereby to instantly build up the 
pressure in the chambers 4 and I2 to thus in 
turn move the piston 9 upwardly'towards valve 
closing position. As the orifice control valve 6 
has been set at a certain position, the outlet of 
liquid from the chamber 4 will be continuous 
and therefore the inlet of liquid past the valve 
5 would have to be continuous to maintain a 
pressure in the chamber 4. It will thus be seen 
that the piston 9 is automatically positioned so 
that just sufficient liquid is admitted past the 
valve 5 to the chambers 4 and I2 to maintain 
pressure necessary to partially overcome the 
spring II. 

Disregarding the back pressure in line I5, and 
with the effective areas of the portion I0 and 
the valve 5 equal, the pressure in the chamber 
4 will be maintained constant, for any given 
spring, regardless of the opening of the orifice 
provided with a valve 6. Any tendency to in 
crease the pressure in the line and in the cham 
ber 3 will be immediately reflected in the cham 
ber I2 to raise the piston and valve 5 towards 
valve closing position. Likewise, any pressure 
drop in the chamber 3 will be immediately re 
ñected in the chamber I2 and the spring II will 
immediately open or enlarge the opening past 
the valve 5 and admit more liquid to the chamber 
4 to maintain pressure therein. Thus, it is seen 
that uniform pressure is maintained in the cham 
bers 4 and I2 regardless of the pressures in the 
chamber 3 and since a uniform pressure is main 
tained in the chamber 4, the flow past the orifice 
valve 6 must always be at the same rate for a 
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given position, any viscosity change due to tem 
perature being negligible. 
Taking into consideration the varying back 

pressure in the line I5, the pressure in the cham 
ber 4 will vary in accordance with any variation 
in the ,back pressure, but the differential be 
tween the pressure in the chamber 4 and that 
in the line ‘I will be maintained regardless of 
any change in back pressure. Thus it will be 
seen that with a uniform pressure in chamber~4 
or with a uniform differential pressure across the 
orifice, the ñow past such orifice will, of neces 
sity, be constant for any given opening of the 
orifice 6; if the rate of ñow is constant on the 
exhaust side of the motor, then regardless of the 
load upon the piston 22 of the motor and up to 
the capacity of the setting of the relief valve I9, 
the speed of the piston 22 will be maintained at 
the rate set above the orifice opening. The re 
lief valve IS is set to equal the maximum desired 
load on the piston 22. The speed control unit 2 
will, of course, have less capacity, when operat 
ing to control the speed of the piston 22, than 
the capacity of the pump I8. Thus if the pump 
I8 has a i’ive gallon per minute capacity, and 
a certain setting of the speed control unit 2 a 
one-half gallon per minute capacity, and if the 
maximum load on the piston 22 and the maxi 
mum setting of the relief valve I9 should be say 
two thousand pounds, then if the pump is started 
up and the liquid directed into the inlet side of 
the cylinder 2|, it will be seen that the back 
pressure against the piston 22 caused by the 
small capacity of the speed control unit 2 will 
cause a maximum pressure to build up on Vthe 
inlet side of the cylinder 2| and against the re 
lief valve I9, with the result that the excess 
liquid from the pump will be spilled over the 
relief valve. It will be obvious that there would 
be no function in having a hydrostatic Valve or 
ñow control unit 2 unless its capacity were less 
than the pump volume; this excess of the pump 
over the iiow control unit is taken care of by 
the relief valve. 
When the valve 20 is reversed by means of its 

actuating lever, vliquid will pass around the speed 
control valve assembly 2 and through the check 
valve 23 allowing a quick return and a rate 
equivalent to the full volume of the pump I8. 
During the power stroke of the piston 22, any 
liquid pumped in excess of the required amount 
to ñll the cylinder 2| at the rate it is allowed to 
move by the speed regulator valve, is allowed to 
escape through the relief valve I9 back to the 
tank. 
In the construction of the speed control valve 

assembly, it is important that the diameter A1 of 
the’ stem .at the point I 0 bear a certain prede 
termined relation to the effective diameter A2 
of the valve 5. Normally, these two diameters 
are preferably equal so that pressure in the cham 
ber 3 will not impart either a downward er 
upward force on the piston 9. However, in many 
instances, it might be desired to increase the 
speed of the liquid actuated element as the load 
increases, and in this case the effective diameter 
of the valve 5l will preferably be made smaller 
than the effective diameter at the point lil (as 
shown in Fig. 2). In this case, any drop in pres 
surc in the line 25 due to a sudden load will cause 
an increase of the pressure in the chamber 4, 
thus maintaining increased speed during the ef 
fective period of said increase in load, as will 
hereinafter be explained in greater detail. 
In ̀ order to change my valve assembly to vary 

the speed with the variation in load, it is pos 
sible to remove the valve sleeve 26 and replace 
with one of a different eiîective diameter, or it 
is possible to construct the valve and valve seat 
(as shown in Fig. 4) so that the seat 26a is fixed 
and the valve 5a isA removable so that valves 5a 
of diñerent diameters will contact with the seat 
26a at different points and thus vary the eflec 
tive diameter. As shown in Fig. 4, diameter A3 
of valve 5a is larger than A1 of stem Ill. It will 

- thus be seen that by proportioning the relative 
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areas of the valve 5 and valve stem at IU, any 
decrease in pressure due to load upon the mem 
ber 22 can be made vto increase or decrease pres 
sure in chamber 4 and thus increase or decrease 
the speed of the member 22. 
In Fig. 5 I have shown my hydraulic system 

as applied to a member to be actuated in whichv 
the speed thereof is controlled in both direc 
tions. In this circuit the four-way valve 20 con 
trols the ñow of liquid under pressure alternately 
to opposite sides of the piston 22. As shown, 
this piston 22 may control the actuation of a 
turret head, or any other machine tool element. 
The liquid from the- discharging side of the 
cylinder 2| will be directed by the four-Way valve 
through the pipe 24 tothe speed control unit, 
and this four-way valve will control the appli 
cation of the pressure to the oriñce 6, regard 
less of the pressure in the chamber 3, in the 
same manner as described in connection with 
the operation of the circuit shown in Fig. 1. 
Inasmuch as both sides of the cylinder 2| dis 
charge through the valve unit 2, it will be seen 
that thespeed of the piston 22 will be accu 
rately controlled in both directions regardless of 
a negative or positive load against the piston 
22. A rapid traverse valve 30 may be inserted 
as a shunt around the speed control unit 2 to 
bypass the speed control unit 2 when desired. 

I have also indicated in Fig. 5 approximate 
pressures that might exist in the valve system 
in a certain condition of operation. With a re 
sistance or load of approximately one thousand 
pounds and with a piston diameter of four 
inches and a piston rod diameter of one inch, 
the pump I8 could be regulated by setting the 
relief valve I9 to deliver seven hundred and ñfty 
pounds per square inch, which pressure will be 
directed by means of the valve to the left hand 
side of the piston 22. To obtain the proper move 
ment ofthe piston 22 the pressure on'the dis 
charge side will be approximately 640 pounds 
per square inch and approximately this same 
pressure will be present in the chamber 3 of the 
unit 2. With a certain Spring Il in the unit 2 
and a certain diameter of the piston 9, a pres 
sure of ten pounds per square inch will be main 
tained in the chamber 4; in this particular case 
the area of the piston plus the valve stem would 
be approximately two square inches, and the 
spring strength twenty pounds. vIt will be evident 
that in this arrangement the variable valve 6 
may be set to obtain any speed desired of the 
work element, regardless of a negative or posi 
tive load in a single direction of movement and 
in every such set-up the pressure in the cham 
ber 4 will remain constant at ten pounds per 

` square inch. 
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In Fig. 6 I have shown a slightly modified 
hydraulic hook-up wherein the speed control unit 
2 is placed in the intake side of the system. This 
particular hydraulic hook-up may be utilized 
with many machine tools and other elements 
and has practically all the advantages of the 

3 . 
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system shown in Figs. 1 and 5 with the excep 
tion that it would not be as eiïective'in case 

~ of a sudden release of the load as in case wherein 
the drill has protruded through the work and 

g the inertia force of the weight of the drill head 
would be greater than the force exerted by the 
vacuum behind the piston. 
To more specifically express the operation of 

the system, assuming that there is no pressure 
and the entire system, as shown in Fig. 1, is at 
rest, the lever l1 may be placed in any position 
to give the required speed. The pump I8 may 
then be started and the liquid under pressure 
flows through the four-way valve 20 into the 
upper end of the cylinder 2|. This causes the 
piston 22 to move. driving the oil on the other 
side thereof into the control valve 2, the piston 
of which is at that time held wide open by the 
spring. As soon as the pressure in chamber 
4 builds up due to restriction of the orifice mem 
ber 5, the pressure on the lower side of the pis 
ton 9 overcomes the spring Il closing the valve 
5 to the point where flow through this valve 
just supplies sufiicient volume to maintain a pre 
determined pressure in the chamber 4. 
For example, using a thirty pound spring Il 

and a piston 9 of two square inches effective 
area, it will require a pressure of over fifteen 
pounds in the chamber 4 to overcome the spring 
and close valve 5 to shut on inflowing liquid. 
Assuming the control valve 5 to be open to such 
a position as to pass five gallons of liquid per 
minute at fifteen pounds per square inch, the 
pressure in chamber 4 will drop just sufllcient 
to allow the spring Il to open the valve 5 and 
in turn allow liquid to flow into the chamber 
4 to maintain the pressure in that chamber at 
a point which will balance the pressure at fif 

f teen pounds per square inch and, of course, this 
in turn will maintain the desired pressure dif 
ferential across the oriñce valve 5. 
As the valve 6 is opened to obtain a higher 

speed the resulting expansion of the spring I‘I 
for this greater liquid iiow will result in a slight 

Vlowering of the maintained pressure in the 
chamber 4 due to the change of rate of the spring. 

Citing another example, if there is a thousand 
` pounds pressure above the piston 22 and five 
hundred pounds below, and the load should sud 

. denly be released, the piston 9 would move an al 
most infinitesimal amount because the oil in the 
control valve 2 is practically incompressible; in 
other words, a change of only one pound pres- 
sure will operate the piston 9 so that even if there 

., would be five thousand pounds pressure in the 
' line the pressure in the chamber 4 would still be 
constant because normally the effective diam 
eters 5 and l0 of the balanced valve are equal. 
On the other hand, it is often desirable to 

obtain an increase of speed in a hydraulic mo 
tor coincident with an increase in load and to 
accomplish this, referring particularly to Figs. 2 
and 4, a sleeve 26 or a valve 5a is selected with a 
diameter smaller than the diameter of the stem 
I0. With the smaller area on 5 or 5a any drop 

“' in the pressure in chamber I will reduce the 
‘ reaction against the spring Il and result in a 
proportionate increase in pressure in 4; in other 

` words, with the control valve balanced the pres 

. any unequalness in the 

sure in 4 will always remain constant regardless 
of conditions in the system, b_ut with the valve 
unbalanced the pressure in 4 will be proportional 
to the unbalancing pressure. More specifically, 

areas 5 and l0 will add to 
or subtract> from the effective spring load on the 
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piston and will effect a proportional change in 
the pressure in chamber 4. An increase or de 
crease of the pressure in chamber 4- increases or 
decreases the flow through the valve 8. It will 
therefore be obvious that with areas 5 andv Il 
unbalanced a change in pressure in chamber I 
causes a proportional change in chamber 4 which 
is either in direct or inverse relation to ~the 
change in 3 depending upon whether the effec 
tive area of 5 is larger or smaller than Il. The 
main use for this feature is4 duel to the fact that 
all hydraulic motors have some slip or leakage 
and an increase in load causes an increase in slip 
due to the increased pressure differential across 
the piston and it is therefore possible to select a 
speed control valve 5 so that a change in load 
will cause no change in piston speed. 

It will be understood that the limited line of 
contact such as shown in Fig. 4, will be more 
efficient in the operation of the valve and the 
maintaining of the contact pressure in the cham 
ber 4. This is because the seat of the sleeve 26a 
has a fixed taper. It is easy to fabricate discs 5a 
of various diameters. The sharp edge of the 
disc 5a contacting with the tapered seat on a 
line contact makes for an accurate eiiicient seal; 
in changing the valve area it is only necessary to 
change discs 5a. The Valve shown in Fig. 2 con 
stitutes merely a reversal of parts, and is less de 
sirable mechanically because of the difficulty in 
matching two tapered surfaces and because both 
sleeve 26 and valve 5 must be reversed in chang 
ing the setting. There is no difference in the 
functions or operations of either valve assembly 
and either may be used equally well in the con 
trol units shown in Figs. l, 5 and 6. 

It will be understood here that where the 
word “maintaining” is used in the specification 
and claims I am referring to substantial main 
tenance of _pressure or pressure differential, as it 
will be understood that the speed of some types 
of machines or units may vary somewhat and 
still be considered a uniform speed within the 
meaning of the present invention, 
What I claim is: 
l. A liquid controlling system comprising in 

combination a liquid operated motor, a source of 
liquid under pressure and aspeed control device 
all operatively connected, said device including a 
control valve having opposed pressure surfaces 
and a regulable orifice member, said member and 
valve being operatively connected through a 
pressure chamber, the pressure in said chamber 
controlling the flow through the orifice member 
to control the speed of the motor, said opposed 
pressure surfaces being unbalanced to maintain 
a pressure in the pressure chamber in propor 
tion to the unbalancing of said pressure surfaces 
whereby to increase or decrease the speed of the 
motor upon a variation in load. 

2. In combination, a hydraulic motor, a source 
of liquid supply operatively connected with the 
motor, a speed control unit therefor embodying 
a chamber for receiving the liquid supply, a vari 
able discharge orifice member, a chamber on the 
intake side of said orifice member, a valve be 
tween said two chambers having opposed pres 
sure surfaces, elements forming the effective size 
of one of said pressure surfaces, one of said ele 
ments being replaceable to vary the size of said 
one surface, and a spring pressed piston opera 
tively connected with said valve for controlling 
the pressure in said second named chamber to 
control the pressure differential across the orifice 
member. 
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3. In combination, a hydraulic motor, a speed 

control unit therefor including a chamber for re 
ceiving the normal liquid flow from the motor, a 
secondchamber leading to a discharge orifice 
member of predetermined size, a piston valve 
having opposed pressure surfaces for controlling 
the flow between said two chambers, a piston 
connected to said valve, a conduit for connect 
ing the second chamber with one side of the pis 
ton, one of said opposed pressure surfaces being 
of different relative effective diameter to vary the 
pressure in the second chamber in proportion 
with a change in load in the motor. 

4. In combination, a hydraulic motor having a 
piston and cylinder, a hydraulic circuit including 
a pump directly connected with said motor, a 
relief valve in said'circuit for determining the 
maximum. preloading of one side of said piston, 
a directional valve for the motor, and a speed 
control unit comprising a regulable orifice valve, 
a pressure chamber on one side of said orifice 
valve and a discharge conduit leading from the 
unit on the other side, a spring pressed piston 
having one face exposed to the pressure in said 
chamber and the other face exposed to the pres 
sure in said discharge conduit, a second chamber 
for receiving liquid from the motor, the flow of 
which is to be controlled, and ar piston valve 
formed as a part of said piston and extending 
into said second chamber, said piston valve hav 
ing opposed pressure surfaces with different ef 
fective areas exposed to the pressure in said sec 
ond chamber, the relative size of said different 
effective areas being predetermined to insure a 
predetermined relationship between the pressure 
in the first chamber and any change in pressure 
in the second chamber, and a passageway be 
tween said two chambers forming a valve seat 
for one of said pressure surfaces, said spring 
tending to separate said pressure surface and 
valve seat. 

5. In combination, a hydraulic motor having a 
piston and cylinder, a hydraulic circuit including 
a. pump directly connect-ed with said motor, a di 
rectional valve for the motor, and a speed con 
trol unit comprising a regulable orifice valve, a 
pressure chamber on one side of said oriñce 
valve and a discharge conduit leading from the 
unit on the other side, a spring pressed piston 
having one face exposed to the pressure in said 
chamber and the other face exposed to the pres 
sure in said discharge conduit, a second chamber 
for receiving liquid from the motor, the flow of 
which is to be controlled, and a piston valve 
formed as a part of said piston and extending 
into said second chamber, said piston valve hav 
ing opposed pressure surfaces with different ef 
fective areas exposed to the pressure in said sec 
ond chamber, the relative size of said different 
effective areas being predetermined to insure a 
predetermined relationship between the pressure 
in the first chamber and any change in pres 
sure in the second chamber, and a passageway 
between said two chambers forming a valve seat 
for one of said pressure surfaces, said spring 
tending to separate said pressure surface and 
valve seat. 

6. In combination, a hydraulic motor, a hy` 
draulic circuit including a pump directly con 
nected with said motor, a directional valve for 
the motor, and a speed control unit comprising 
a regulable orifice valve, a pressure chamber on 
one side of said orifice valve and a discharge con 
duit leading from the unit on the other side, 
a spring pressed piston having one face exposed 
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5 
to the pressure in said chamber and the other 
face exposed to the pressure in said discharge 
conduit, a second chamber for vreceiving liquid 
from the motor, the ñow of which is to be con 
trolled, and a piston valve formed as a part of 
said piston and extending into said second cham 
ber, said piston valve having opposed pressure 
surfaces with different effective areas, than the 
area of the faces of said piston, exposed to the 
pressure in said second chamber, the relative size 
of said different effective areas being predeter 
mined to insure a predetermined relationship be 
tween the pressure in the ñrst chamber and any 
change in pressure in the second chamber, and a 
passageway between said two chambers forming a 
valve seat for one of said pressure surfaces, said 
spring tending to separate said pressure surface 
and valve seat. 

7. A liquid controlling system comprising in 
combination a liquid operated motor, a source of 
liquid under pressure constantly preloading one 
side of said motor during a power stroke, and a 
speed control device all operatively connected, 
said device including a control valve having op 
posed pressure surfaces of different effective 
areas and a regulable orifice member, said mem 
ber and valve being operatively connected 
through a pressure chamber, a spring pressed 
piston attached to said valve and subject to the 
pressure in said chamber, the pressure in said 
chamber controlling the flow through the orifice 
member to control the speed of the motor, the 
effective area of one of said pressure surfaces 

l being predetermined and so arranged relative to 
the effective area of the other pressure surface 
that any change in pressure in liquid leading 
from the motor due to change in load on the 
motor will predetermine the pressure in said 
chamber in accordance with said relative effec 
tive diameters. 

8. A flow control unit, for use with a hydraulic 
motor circuit of the type having a piston and 
cylinder motor unit, and pump for applying posi 
tive pressure to one side of the piston during its 
entire working stroke, comprising a regulable 
orifice valve, a pressure chamber on one side of 
said valve and a discharge conduit leading from 
the other side, a spring pressed piston having 
one face exposed to the pressure in said cham 
ber and the other face exposed to the pressure 
in said discharge conduit, a second chamber for 
receiving liquid from the other side of said motor 
piston, and a piston valve formed as an extension 
of said piston and extending into said second 
chamber, said piston valve having opposed pres 
sure surfaces of appreciably smaller size than 
the effective area of said piston, said pressure 
surfaces being so proportioned relative toy each 
other as to predetermine the effect of the pres 
sure in said second chamber upon the pressure 
in said first chamber, and elements cooperating 
to form the effective area of one of said surfaces, 
one of said elements being replaceable to change 
the relation between the effective areas of said 
opposed surfaces. 

9. A ñow control'unit, for use with a hydraulic 
motor circuit of the type having a piston and 
cylinder motor unit, and pump for applyingV 
positive pressure to one side of the piston during 
its entire Working stroke, comprising a regulable 
orifice valve, a pressure chamber on one side of 
said valve and a discharge conduit leading from 
the other side, a spring pressed piston having 
one face exposed to the pressure in said chamber 
and the other face exposed to the pressure in 
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said discharge conduit, a. second chamber for 
receiving li/quid from the other side of said motor 
piston, and a piston valve formed as an extension 
of said piston and extending inhq said second 
chamber, and connecting the same with said 
ñrst chamber, said piston valve havmg opposed v_ 
pressure surfaces of appreciably smaller size than' 
the eiîective area. of said piston. said pressure 

surfaces being so proportioned relative to each 
other as to predehexmine the effect o! the pres 
sureinsaid second chamberuponthe pressure 
msaìdñrstchambex-,andmeanstorvaryingthe 
relative effective area of one of said pressure sur 
faces. 

` HARRY F. VICKERS. 


