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- This mventmn relatﬂs to centml systems for
reversible: hydrawulic motors: .of the kind having
inlet .and outlet- ports the functions of which are

interchangeable by a reversing valve apparatus
to reverse the motor, the reversing valve appa-

(Cl. 121—46. 5.).

ratus. being se ceonstructed and arranged that it

can at will be caused to- connect either of the
two-moter ports. to-a seurce of hydraulic pressure
and the other to-a- relief passage or Teservoir so
as. to cause the motor to be-driven in one direc-
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tion: or the other, and in which the pressure |

supply passage by which the hydraulic fluid is
delivered to-the reversing valve hag an automatic

pressure-eperated relief valve therein which is

maintained open: automatically when the full de-
livery-of the source of hydraulic fluid under pres-
sure is not being utilized by the motor so gas to
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pass the excessive-hydraulic fluid through a relief

- passage- back to-the hydraulic receiver and vet
- maintain the required’ pressure in the hydraulic
supply passage-at all times.

The object of the present invention: is to Pro-
vide  an: improved control system of the above
oceneral kind which will be simple in construc-
tion, will' reguire a minimum number of separate

‘valves of simple form and will yet meet all prac-

tical requirentents including that of ensuring as
far as possible that for any given setting of a
control valve the spead of the motor will remain
substantially constant irrespective of the load.

2
matically to whichever of these two por‘ﬁs is at
the moment at the higher pressure.
Conveniently the pressure responsive rehef
valve comprises a pressure responsive piston
member one face of which is subject to pressure
derived from the pressure supply bassage while
the other face is subject to the pressure i a
chamber which is connected to the change-~over
valve and through it to the motor port at the
moment af higher pressure, the chamber which
derives pressure from the pressure supply pas=
sace having also o port therein ceaxial with the
piston and leading to & relief passage,. this port
being controlled by a part formed integral with
or connected to the piston: and acting as the
relief valve member. Preferably the relief valve
is of the kind forming the subject of United

- States. patent application Serial No: 190,420, now

| abandoned so that the pressure difierence on
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A control system1 for a reversible hydraulic

motor having inlet and outlet ports. the functions
of which are reversed to reverse the motor ac—
cording- to the present invention comprises. a

p?essure supply passage arranged to be connected

to a source of hydraulic pressure, a reversing valve

the opening. of the valve does-not

pressures tending to open or close: the valve,

its pressure responsive meraber or piston neces-
sary to maintain it open. under any conditiong is
substantiaily the same as that required to cause
it to open from its closed position, that ig to say

0 ’brmg into effect
any additional areas ot which act unbalanced

- -, »

Va-u‘y but convenlently the Valve is of the knewn
type comprising a valve cylinder with an inter-
mediate point. in the length of which the: pres-
sure supply passage- communicates continuously
through- a pressure: supply port while relief ports

- commuiiicate -continuously with the opposite‘ends
- of the: cylinder and inlet and outlet ports lead

39

controlling the flow of hydraulic fluid to the

motor from the pressure supply passage and from
the motor to a. relief passage or reservoir and
arranged so that in.a neutral position it connects
each of the ports.of the motor to a relief passage
while when moved from such neutral position.in

40

to the motor inlet and outlet: ports respectively
from points in the cylinder situated in. trans-
verse planes on opposite sides of the pressure
supply port, and a valve member of the piston
type comprising & central portion of reduced
cross-section forming with the surrounding part

-_ of the cylinder a pressure chamber into which
the pressure supply port opens continuously and

one dirsction or the other it progressively ais- |

connects cne or other of the ports of the motor
from-its relief passage and contects that. port to
the pressure supply passage, and. a. pressure re-

45

sponsive: relief valve in the: pressure supply bas- |

sage the pressure responslve: member. of: which. is

arranged. to respond to the pressure difference. in:

50

two chambers one of which is subject to pressure

derived from the hydraulic. supply passage while
the:other is arranged to be connected: to one or

other of the ports of the motor through an auto-:
matic change-over valve which connects it auto-

55

end portions which fit the cylinder and control the
inlet and-cutlet ports'so asto enable either one of
the two ports to be brought into cDmmumcatlon‘

- with the pressme chamber while the other is in

commumeatwn through the adjacent end of the
cylinder with its associated relief port. When
such a valve is used with the present invention
the disposition and: dimensions of the-ports and of
the end portions of the valve member are such
that when the valve member occupies a neutral
position its-end: portlons serve respectively to cut'-
off the inlet-and outlet parts from the pressure:
chamber and maintain them in communication:
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respectively with the relief ports at the ends of the
cylinder, whereas movement of the valve member
from this neutral position in one direction or
the other causes one or other of the end por-
tions thereof progressively to cut off the port
controlled by it from its associated relief port and
to bring it progressively into communication with
the pressure chamber. .
of the ends of the valve member and/or of the
inlet and outlet ports controlled thereby is pref-
erably such that the rate of progressive opening
and closing of the inlet and outlet ports with
movement of the valve member is such as to
provide sensitive control of the operation of the
motor and preferably such that the rate of move-
ment of the valve throughout its movement is
approximately proportional to the rate of open-
Ing and closing of the poris.

Moreover the formation
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are provided with relief ports E2, E? communi-
cating with a relief passage F which leads, pref-
erably through a reservoir ¥, to the inlet side of
the pump Al | )
- The valve cylinder E! is also provided with inlet
and outlet ports E¢, E° communicating respec-
tively through passages G, Gl with the inlet and
outlet ports G2, G3 of a reversible hydraulic mo-
tor G4, | | |
The control valve cylinder E! containg g piston
type control valve member O hereinafter more
fully described which in its central or neutral

position maintains the ports Bt and E5 in con-

tinuous communication respectively with the
ports B¢ and E3, whereas movement of the valve
member in one direction or the other from this

.neutral position progressively shuts otf communi-

The invention may be carried into practice in -

various ways but one form of control system ac-
cording to the invention is illustrated by way of
example in the accompanying drawings in which,
- Figure 1 is a diagram showing diagrammati-
cally the apparatus constituting the complete
control system with the hydraulic pump and
motor with which it is associated,

Figure 2 is a side elevation partly in section of
the valve assembly incorporated in the system,

- Figure 3 is a plan view of the valve assembly

shown in Figure 2, partly in section on the line
3—3 of Pigure 2, |

Figure 4 is an end elevation of the valve assem
bly shown in Figures 2 and 3, and |
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cation between one of the ports E¢ and E° and its
assoclated port E? or E* and brings it into com-
munication with the pressure supply port E.
Extending between the passages G and G! is g
passage H' In which is arranged an automatic
change over valve in the form of a ball H! ar-
ranged In a valve chamber H2? having seatings
4, H* as its ends by way of which the chamber
communicates respectively with the passages G
and G!' and intermediate port H5 leading to a
passage J which communicates by way of a small
leak orifice indicated at K and a passage K! with
the lower end of the cylinder C and also with &
spring pressed ball valve L controlling g port
leading to the relief passage F. Thus, the ball

- valve H! will be foreced intg engagement with one

~ Figure 5 is a sectional view of the valve assem-

bly shown in Figures 2, 3 and 4 taken on the
broken line 5—5 of Figure 4.

"The apparatus constituting the control system
shown in Figure 1 comprises a pressure supply
passage A to which hydraulic fluid is delivered
under pressure continuously by a constant deliv-
ery pump indicated at Al In permanent com-
munication with the pressure supply passage A

is a pressure-operated relief valve B including a

valve part B! controlling a relief port B2, and a
piston part B? operating within a cylinder C with
its upper face subject to the pressure in the pas-
sage A while ils lower face is subject to the pres-
sure In g passage D and to the force of a spring
C!l so that the valve B will open whenever a pre-
determined difference occurs between the pres-
sures respectively in the passages A and D.

- While the valve B is shown diagrammatically
for simplicity of illustration in Pigure 1 in a form

in which the piston surface subject to the pres- .

sure in the passage A is smaller than that subject
to the pressure in the passage D, the valve would
in fact be constructed, for example, in the man-
ner described hereinafter with reference to Fig-
ures 2 to 5 so that the effective piston area on
which the pressure in the passage A acts is sub-
stantially equal to the effective piston area on
which the pressure in the passage D acts, so that
the valve will open automatically whenever the
pressure in the passage A exceeds that in the pas-
sage D by a predetermined amount sufficient to
cause the valve members B, B! and B3 to move
downward against the action of the spring C1.
- The valve B thus acts to maintain a pressure
in the passage A representing s predetermined
difference between the pressures respectively in
the passages A gnd D. |

The pressure supply passage A leads to a pres-
sure supply port E entering the cylinder E! of g

control valve at approximately the centre of its

length while the ends of the control valve cylinder
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- Or other of the two seatings H?, H* according to

which of the two passages G and GU happens at
the moment to be at higher pressure so as to con-
nect the high pressure one of these two passages
always automatically to the passage J. The flow
through this passage J will be small by reason of
the small metering orifice K but sufficient, when-
CVer working pressure exists in one .or other of
the passages G, G, to cause the valve I, to be
lifted, thus maintaining a predetermined pressure
in the passage D and hence in the delivery pas-
sage K' and in the lower end of the cylinder C
whenever working pressure exists in one or other
Of the passages G, G, while also permitting the
relief valve B to open at a considerably lower
pressure and thus largely relieve the pressure in
the passage A when both passages G and Gl are
connected to their respective relief ports E2
and E3, | | -

In the practical construction of valve assembly
shown in Figures 2 to 5 the various valves are all
arranged within g single structure and for con-
venience the parts of this praetical structure

-~ corresponding to the various parts indicated dig-
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grammaftically in Figure 1 are identified by the
Same reierence letters as in that Figure 1.

Thus the complete valve assembly comprises 3
main casing M of approximately rectangular
form with a subsidiary casing M! formed or
mounted thereon so as in effect to form part
thereof. | S -

~ Leading from the main casing M, as shown, are
the passages G, G, the passage F and the passage

A, and formed within the casing are the two

cylinders E! and C and a chamber containing the
ball valve I, while formed in the subsidiary cag-~
ing M! is the chamber H2 of the change-over
valve. | R | |
The cylinder E! is formed as shown with five
annular recesses N, NI, N2, N3 gng N¢, communi-
cating with the ports E2, E4, B, E5 and E3, respec-
tively, as illustrated in Figure 1, of which N and.
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- N%: communicate w1th the passage P (N d1rect1y

“and Nt through a passage in the casing M (not
shown)). The recesses N1 and N3 communicate
by passages H, H respectively with ports M2, M?
respectively at opposite ends of the cha,mber H?2,

while. the recess N2 commumcates with the pas— o

sage A.
Mounted to siide in the cylinder E’ is a piston
type control valve member O having three waist-

ed or reduced portions Q! 02 O3 which, when

the valve member is in its neutral position, as
shown, lie respectively in the recesses N, N2 and

N4, as shown in Figure 5. Each of the reduced
portions. O! and O3 has, In addition, leading

from it towards the reduced portion O2%, a chan-

nel O% and these channels 0%, when the valve

member is in its neutral position, maintain com-
 munication respectively between the. recesses N
and N! and between the recesses N* and N3

The reduced portion O2 is, on the contrary,

provided with frusto conical extensions O° which,
~ when the valve member is in its neutral position,
terminate just short of the adJacent ends of the
recesses N1 and N3,

One end of the valve member O is connected '
through a link P-to g control P! by which it can -

thus be moved longitudinally, while its other end
extends into a cylindrical chamber P2 and car-
ries a piston-like member P3 having a conical
recess in its circumference into which is. adapted
to- be- forced a. spring pressed ball P* when the
valve member occupies ifs neutral position sSo as
not only to hold it in that position against unin-
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" engagement with one or the other of the seatings

H3 or H? according to whether one or the other of

- the recesses N! or N3 is at the higher pressure at
any moment.

The operatwn of the apparatus is as follows:

When the control valve O occupies its neutral
position as shown, the recesses N1 and N3 are
maintained in communication with the recesses
N and N¢ respectively and hence with the relief
passage P and both the ports G? and G3 of the
motor G¢ are thus connected to the relief passage
F. Under these conditions also the change over
valve H! is not maintained in engagement with
either of the seatings H? and H* and the passages
J and K! are thus also connhected to the relief pas-
sage F and there is therefore no appreciable fiuid
pressure in the chamber Q5. The relief valve B,
B? will thus maintain in the recess N2 and pas-

sage A a pressure only sufficient to over-come the

force of the spring CL.
When the control valve member O is mwed to
the left in Fisure 5 from its neutral position it

~ will be seen that it first closes communication be-
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pressure fluid is supplied to the port G2 of the

tentional displacement but to indicate to an oper-

ator by feel when it occupies that position,
The cylinder C contains the relief valve B,
 comprising the piston part B3 and a valve part Bl
which co-operates with a seating in the adjacent
end.of a tubular insert @ around a port B? therein

leading to a relief chamber Q! between the outer
wall of said insert and cylinder C, which relief

chamber in turn communicates with the recess N
and hence at all times with the passage . The
tubular insert @ also serves as a guide for 5, T0d~
like extension B on the valve part Bl
member B is hollow, the end of the bore of the
extension B¢ being: open while the- opprosite end
of the bore is closed by a valve @2 normally main-

tained upon. its seat by a spring C! which thus
slso.acts on the valve member b and tends always.

to maintain the- valve part. Bl upon_ifs seating.
The bore also opens by way of lateral passages
into the chamber Q* w1thm the cylinder C on the
side- of the. piston R3 remote from the spring CI,

| hu:h chamber is in open communication at all
times with the recess N? and thereby Wlth the

pressure sunply A.

The valve

o0

The chamber Q5 in whlch 'the snrmg Cl lies

communicates by way of a passage R with a
chamber R! which is closed at one end and com-

 munhicates at its other end through the spring
pressed valve L with a chamber Il in open com-
munication through the relief chamber Q! with

the recess N and passage F. The spring L2 acting

on the valve L is adjustable by means of an ad-
justable abutment L3 of known general type. |

The chambers R! and Q° are in continuous.
- communication through the passage K!, a small

metering orifice K and the passage.J with an in-
termediate point in the length of the chamber

112 in which the change-over valve H! lies be-

tween the two seatings H? and H* by way of which
seatings the chamber communicates respectively
with passages H, H leading respectively to the re-
cesses N1, N, Thus the valve I-I2 is moved 1nto

60
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tween the recess N3 and the recess N* through
the adjacent groove O%f and then progressively
opens eommunication between the recess N3 and

‘the recess N2 as the adjacent frusto-conical part
- O5 movesg into the recess N3,

" The recess N3 and.
hence the passage G is thus progressively con-
neeted to the pressure supply passage A so that

motor G¢. At the same time the passage M? is
pressurised so that the change-over valve H! is

‘moved into engagement with the seating % and

pressure fluid is thus delivered through the meter-
ing orifice K and passage K! to the chamber Q.
The relief valve L is so set that it opens if this
pressure exceeds a predetermined value such that
with the pressure in the chamber @5 at that pre-
determined value, the valve B! will open at the
maximum perml_ss_lb working pressure in the
varts of the system which during operation are
uubTect to the working vressure.

- Thus the motor G¢ is brought into Operatmn in
one direction and such operation is under sensi-

tive control by means of the lever Pl

If it is desired to eause the motor G to operate-
in the opposite direction, the contrel valve mem-
ber O is moved to the right in Figure 5 from ifs
neutral position so that the recess N! is cut off
from the recess N and then progressively brought
into communication with the recess N2, The port
G3 of the motor G4, is thus supplied with pressure

- fluid under the controi of the valve O, the change- -

over valve H! being caused to engage the seating
H3 so that the chamber Q° is brought into com-

- munication with the recess N1 by way of the pas-

sage M3, the chambeyr H?, the passage J, the me-
tering orifice K and the passage K, and the pres-
sure conditions in the apparatus are thus the

- same as when the valve O is msved to the left
from its neutral position.

_ The valve Q2 acts as a afety'valve to permit
escape of fluid from the chamber &% into the
chamber Q5 and thence through the valve L in -th’e

event of very sudden rises in pressure.
- What I claim as my invention and desn'e to se-

cure by Letters Patent is:

1. A control system for a, 1ever51ble hydraulic
motor having inlet and outlet ports the func-
tions of which are reversed to reverse the motor,
comprising a pressure supply passage arranged
to be connected to a source of hydraulic pressure,
o reversing valve conftrolling the flow of liquid
to the motor from the pressure Supply passage
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and from the motor to a relief passage or reser-

voir and arranged so that in a neutral position
it connects each of the ports of the motor to

a relief passage while when moved from such
neutral position in one direction or the other, it
progressively disconnects one or other of the ports
of the motor from its relief passage and connects
that port to the pressure supply passage, a pres-
sure-responsive relief valve in the pressure supply
passage having a pressure-responsive member
which responds to the pressure difference in two
chambers, one of said chambers being subject
to pressure derived from the hydraulic pressure
Supply passage, and automatic change-over valve
means by which the other of said chambers is

connected to whichever of the two ports of the

motor is at the moment at the higher pressure,
said change-over valve means including a pres-
sure responsive valve member subject to pres-
sure derived respectively from said two motor
ports and automatically movable by the pressure
difference acting thereon ‘to cause said means
to function.

2. A control
motor as claimed in claim 1, in which the pres-
sure-responsive relief valve is in the form of
a Dpiston one face of which is subiect to the
pressure in the pressure supply passage while its
other face is subject to the pressure in the cham-
ber which is connected to the change-over valve
means and through it to the motor port at the

moment at higher pressure, the chamber which

derives pressure from the pressure supply passage

having also a port therein coaxial with the piston

and leading to a relief passage, this port being

' ~controlled by a part formed integral with or

connected to the pision and acting as the relief
- valve member.

3. A control system for g 1ever51ble hydrauhc-

motor as claimed in claim 2, in which the pres-
sure~responsive reiief vaive includes piston sur-
faces of substantially equal area subject respec-
tively to the pressures on the inlet and outlet

sides of the valve and a spring teﬂdmg always

to maintain the valve closed.
4. A control system for a reversible hydraulic
motor as claimeqd in claim 1, in which the revers-

ing vaive comprises a valve eylinder having a port

at an intermediate point in its length communi-
cating with the pressure supply passage, relief
ports at its opposite ends communicaiing con-

tinuously with the relief passage and outlet ports

situated in planes respectively on opposite sides
of the port communicating with the pressure
supply passage and communicating respectively

systeml for g reversm}.e hydraulic

) |
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- 8 .
or other of the end portions thereof progressively
to cut off the port controlled by it from its associ-
ated relief port and to bring it progressively into
communication with the pressure chamber. =
= 9. A control system for a reversible hydraulie
motor as claimed in claim 4, in which the end
porvions of the valve member and the eylinder
outlet ports are so formed that the rate of pro-
gressive opening and closing of the latter is sub-
stantially in proportion to the movement of the.
valve member. |

6. A control system for a reversible thrauhc
motor as claimed in claim 1 in whieh the pres-
sure responsive relief valve comprises a pressure-
responsive piston member one face of which is
subject to the pressure in the pressure supply
passage while its other face is subject to the pres-

sure in a chamber which is connected to the

change-over valve and through it to the motor
port at the moment at higher pressure, the cham- -
per which derives pressure from the pressure sup-
ply passage having also a port therein coaxial
with the pistocn and leading to a relief passage,
this port being controlled by a part formed in-

5 tegral with or connected to the piston and acting

as the relief valve member, and in which the

. reversing valve comprises a valve eylinder having

30
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with the inlet and outlet ports of the motor, and

sald reversing valve also comprises a valve mem-

ber of the piston type having a central portion of

reduced cross-section forming with the valve eyl-

inder a pressure chamber into which the pressure
supply rort opens continually, and end portions

which control the cylinder outlet ports and, when

the valve member occupiss a neutral position,

60

serve respectively to cut off said cylinder outlet

ports from the pressure chamber and maintain
them in communication respectively with the re-
lief ports at the ends of the cylinder, whereas

movement of the valve member from this neutral -

position in one direcvion or the other causes one

2. pressure supply port at an intermediate point
in 1ts length with which the pressure supply pas-
sage communicates contmuously, relief ports con-
tinuously open at its opposite ends and outlet
ports communicating with the inlet and outlet
ports of the motor from points in the cylinder
situated in planes respectively on opposite sides
of the pressure supply port, and said reversing
valve also comprises a valve member of the
piston type having a central portion of reduced
cross~section formmg with the valve cylinder a
pressure chamber into which the pressure supply
port cpens continually, and end portions which
control the cuflet ports and when the valve mem-
ber cccupies a neutral position, serve 1espect1ve1y
to cut off the outlet ports from the pressure:
chaitber and maintain them in communication
respectively with the relief ports at the ends
of the valve cylinder whereas movement of the

valve member from this neutral position in one

direction or the other causes one or other of the
end portions thereof progressively to cub off the
port centrolled by it from its assocmted relief
port and to bring it progressively into communi-
cation with the pressure chamber. |

7. A control system for a reversible hydraulic

- -mﬁtor as claimed in claim 6 in which the pressure-

esponsive relief valve includes piston surfaces
of substantially equal area subject respectively
to the pressures on the inlet and outlet sides
of the valve and a spring tending always to main-

- tain the valve closed.

- FRANCIS BENJ AMIN LEVETUS.
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