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This invention relates to hydraulic valves in hydraulic 
control systems of the kind comprising a source of liquid 
under pressure, an actuator such as a hydraulic jack or 
motor and a valve for connecting one or other side of 
the actuator to the source of supply of liquid under pres 
sure and to a low pressure outlet respectively. 

It is known to use for such purposes valves of the ro 
tary type in which a cylindrical rotor or barrel fits with 
in a cylindrical casing and has channels cut in it to pro 
vide an adjustable means of communication between 
ports formed in said casing. 

It has previously been proposed to provide roller or 
ball bearings to support the valve in the casing to reduce 
friction when the valve is rotated. It is well known 
that the high pressure ports must be symmetrically, ar 
ranged so as to balance" the static loads on the bearings 
and to ensure that this pressure does not produce a torque 
when the valve is closed. 

It is further known that even when the valve is opened 
Such static forces can still be balanced but due to the 
Bernoulli forces arising from the oil flow through the 
valve this balance is disturbed. The object of the pres 
ent invention is to provide an improved form of con 
struction of hydraulic valve in which said Bernoulli forces 
are minimized. 
The invention accordingly provides in a hydraulic con 

trol system of the kind hereinbefore specified, a rotary 
hydraulic valve comprising two high pressure inlet ports, 
two low pressure outlet ports and two ports connected 
to each side of a hydraulic actuator, the connecting chan 
nels in the barrel of the valve being so arranged that 
when the valve is opened both high pressure inlet ports 
are connected to the two corresponding actuator inlet 
ports but only one actuator port is connected to one 
low pressure outlet port at any one time. 

In order that the invention may be more clearly un 
derstood reference will now be made to the accompany 
ing drawings in which: 

Fig. 1 is a longitudinal section of a known form of 
valve, 

Fig. 2 is a section on the line II-II of Fig. 1, 
Fig. 3 is a view similar to Fig. 1 of a hydraulic valve 

construction in accordance with the present invention 
and showing the valve closed, 

Fig. 4 is a section on the line IV-IV of Fig. 3, 
Fig. 5 is a view similar to Fig. 3 but showing the valve 

opened in one direction, 
Fig. 6 is a section on the line VI-VI of Fig. 5, 
Fig. 7 is a view similar to Fig. 5 but showing the valve 

opened in the other direction, and 
Fig. 8 is a section on the line VIII-VIII of Fig. 7. 
Referring to Figs. 1 and 2 of the drawings, ports 

marked P1 are connected to the high pressure source, the 
ports marked Po are connected to return fluid to the 
reservoir from which the high pressure source draws its 
supply. The pair of ports marked A1 are connected to 
one side of the actuator and the pair of ports marked 
Aa to the other side. The grooves G permit fluid to 
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2 
flow from each of the pair of high pressure ports P to 
its corresponding member of the pair of actuator inlet 
ports A1 or A2 according to the direction of rotation of 
the valve. Similarly each of the pair of actuator outlet 
ports permits fluid to pass from each member of the 
corresponding pair of outlet ports Po to the low pres 
sure sink. It is well known that with this construction 
the Bernoulli forces produce a torque on the valve, the 
said torque being in the opposite direction to that in 
which the valve has been opened. 
The construction according to the present invention is 

illustrated in Figs. 3 to 8. When the valve is opened 
each member of the pair of high pressure ports P1 is 
connected to the corresponding member of the pair of 
actuator inlet ports A1A1 or A2A2 (as the case may be) 
but only one of the pair of actuator outlet ports AA, 
or A1A1 is connected to one of the low pressure outlet 
ports Po at any one time, one member of the pair AA 
being connected to one port Po when the valve is rotated 
in one direction, see. Fig. 6, and one member of the pair 
A1A being connected to the other port P when the 
valve" is rotated: in: the opposite direction, see. Fig. 8. 
Moreover, the channels C and D in the barrel which per 
mit connection between the ports when the valve is 
opened are given a concave arcuate form. It has been 
found that with... this construction the Bernoulli forces 
may be almost completely balanced. Most satisfactory 
balance has been obtained when the angle between the 
center line of the low pressure ports Po and that of the 
actuator ports is substantially less than that between the 
center line of the high pressure ports P and that of the 
actuator ports. It has further been found that a circular 
arc with a camber of the order of 11% of the chord for 
the channel C under the high pressure ports and 10% 
of the chord for the channel under the low pressure 
ports D is an effective form. The invention is not how 
ever confined to this precise form. 
The theory underlying the embodiments of the inven 

tion illustrated in Figs. 3 to 8 may be discerned by apply 
ing the well known laws of fluid flow to the specific pas 
sageways and ducts illustrated in these figures. In Fig. 
6, for example, an analysis of the conditions in the chan 
nels C indicate that by virtue of their configuration, the 
center of pressure applied to the valve rotor results in a 
counterclockwise torque. This is evident from the fact 
that the center of pressure in channels C is displaced 
from the line of symmetry towards the port P in each 
channel. There is accordingly a counterclockwise torque 
associated with upper channel C and a counterclockwise 
torque associated with lower channel C. Opposing these 
torques is a compensating torque developed by virtue of 
the fluid flow in left channel D. The center of pressure 
in this channel shifts towards port A. thereby produc 
ing a clockwise torque. It is thus evident that the ar 
rangement provides for a balancing of the Bernoulli 
forces. 
A similar analysis of conditions existing with the valve 

in the position shown in Fig. 8 establishes a similar 
result. Thus the pressure decrease from port P to port 
A2 in each channel C produces a clockwise torque. 
Compensating these torques is an opposing torque gen 
erated in operative channel D by virtue of the shift in 
the center of pressure towards port A1. The torque gen 
erated thereby is in a counterclockwise direction. It may 
also be observed in connection with the above described 
theory that fluid flow from ports A to Po in Fig. 6 and 
from A1 to Po in Fig. 8 results in moment arms which 
are larger than each of the moment arms associated with 
fluid flow in channels C. In this connection it may also 
be noted that the pressure drop in channels D is a num 
ber of times larger than the pressure drop in each chan 
nel C, 



3 
The invention in its broader aspects is not limited to 

the specific mechanisms shown and described but de 
partures may be made therefrom within the scope of the 
accompanying claims without departing from the prin 
ciples of the invention and without sacrificing its chief 
advantages. 

I claim: - 
1. A rotary hydraulic valve for selectively connecting 

one side of an actuator to a source of supply of liquid 
under pressure and the other side of said actuator to a 
lower pressure outlet, said rotary hydraulic valve com 
prising a cylindrical housing and a rotor rotatable within 
said cylindrical housing, said cylindrical housing having 
two opposed inlet ports, two opposed low pressure out 
let ports and two pairs of opposed ports for connection 
one pair to each side of said hydraulic actuator, said 
rotor having channels disposed between lands arranged 
so as to be capable of closing said two pairs of opposed 
ports, the relative positions of said channels and all said 
ports being such that when the valve is open both high 
pressure inlet ports are connected to a corresponding 
pair of said pairs of opposed ports but only one of the 
other said pair of opposed ports is connected to one low 
pressure outlet port at any one time. 

2. A valve as defined in claim 1, wherein said chan 
nels each have a concave arcuate form in the direction 
from land to land. 

3. A valve as defined in claim 1, wherein the ports are 
so arranged that the angles between the center line of 
said opposed low pressure ports and those of said pairs 
of opposed ports are substantially less than the angles 
between the center line of said opposed high pressure 
ports and the center lines of said pairs of opposed ports. 

4. A rotary hydraulic valve for selectively connect 
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4. 
ing one side of an actuator to a source of supply of liq 
uid under pressure and the other side of said actuator to 
a lower pressure outlet, said rotary hydraulic valve com 
prising a cylindrical housing and a rotor rotatable with 
in said cylindrical housing, said cylindrical housing have 
two opposed inlet ports, two opposed low pressure out 
let ports and two pairs of opposed ports for connection 
one pair to each side of said hydraulic actuator, said ro 
tor having channels disposed between lands arranged so 
as to be capable of closing said two pairs of opposed 
ports, the relative positions of said channels and all said 
ports being such that when the valve is open both high 
pressure inlet ports are connected to a corresponding 
pair of said pairs of opposed ports but only one of the 
other said pair of opposed ports is connected to one low 
pressure outlet port at any one time, a plurality of said 
lands having surface areas larger than other of said lands. 

5. A valve as defined in claim 4 in which a pair of 
adjacent lands have surfaces larger than other of said 
lands. . 

6. A valve as defined in claim 4 in which the volumes 
of one of said channels is different from other of said 
channels. 

7. A valve as defined in claim 4 in which the chan 
nels associated with said low pressure outlet ports are 
each smaller than the channels associated with said high 
pressure ports. 
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