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@ Hydraulic systems comprising open and closed centre valves.

@ An hydraulic actuation or control system for vehicles
has a first system part (24) which includes an open centre
valve (25) which may control operation of a power assisted
steering gear (26) and a second system part (29) which
has a closed centre valve (30) which may control actua-
tion of power assistance braking or hydraulic suspension.
The system parts (24 and 29) communicate with the com-
mon pump (1) by way of outlets (5 and 8) from a flow
divider valve {2) which has a spool (36) displaceable in
response to fluid pressure differentials detected in cham-
bers (37 and 38) through the respective outlet ports (5
and 6) from the system parts (29 and 24 respectively).

Outlet port (5) can communicate with exhaust (reser-
voir 20) through a biased relief valve (7) which is respon-
sive to pressure in the system part (29} to close off com-
munication between the outlet port (5) and exhaust when
fluid pressure in the system part (29) decreases sufficiently.

The system part (29) can include an accumulator
(14) which is charged from outlet port (5) by way of a
non-return valve (15) and the relief valve (7) is responsive
to pressure in the accumulator.
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DESCRIPTION

This invention relates to hydraulic systems
comprising open and closed centre valves.

Open centre valves and closed centre valves are
well known in the art of hydraﬁlic engineéring where the
former has its porting arranged so that in a normal or
neutral condition fluid under pressure is directed '
through the valve to exhaust (reservior). With closed
centre valves the porting is generally arranged so that
in a normal or neutral condition of the valve
communication is closed off between the fluid under
pressure and exhaust. Many systems are known which
incorporate both open and closed centre valves and it
is usual where these valves are used in a common
installatien for discrete systems or circuits to be
provided, one system being for the closed centre valve
or valves and the other for the open centre valve or
valves and each system having a discrete fluid pressure
source such as an engine driven pump. Such discrete
systems are well known for hydraulic actuation of
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control systems in vehicles where an open centre valve

may be incorporated as part of a power-assistéd steering

system to control the flow of hydraulic fluid to, for

example, a power assistance ram while closed centre
valves may be incorporated in a separate system to
provide a power braking facility or a suspehsion system.
The use of separate systems as aforementioned in a common
installation such as a vehicle can be expensive but
it - ensures that adequate. flow of fluid under pressure
is available in each system to effect the operation
which is required of that system and it is an object
of the present invention to provide an hydraulic
system which includes both open and closed centre valves,
is economical and simple to manufacture and which can
be arranged to provide flow of fluid under pressure
to the respective valves from a common source to an
extent which is sufficient to effect the operation or
control which is normally intended of those valves.
According to the present invention there is
provided an hydraulic system which comprises a first
system part having an 6pen centre valve; a second
system part having a closed centre valve; flow divider
valve means having two outlets which communicate one
with each system part and by which is divided fluid flow
from a common source of hydraulic fluid under pressure'
is directéﬁ to the respective system parts} said flow
divider valve means being responsive to fluid pressure’
in the respective system parts and reacting to maintain
substantially constant the fluid flow to the outlets
respectively associated with the first and second system
parts irrespective of thé preSSure differential developed
between the fluid pressures in the first and second system
parts and wherein the-second system part includes relief -
valve means which is responsive to fluid pressure in that
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system part to open that system part to exhaust at
a predetermined fluid pressure.

While not being specifically directed to vehicle
control or actuation systems, the present invention
was primarily developed for such use where, for example,
the open centre valve in the first system part may be
used to control flow of fluid under pressure to an
hydraulic ram of a power assisted steering gear while
the closed centre valve of the second system part may
be used to control the flow of hydraulic fluid under
pressure tO .a_pressure hraking system or an hydraulic
suspension. To effect the desired operation, the flow
divider valve means will usually include a displaceable
valve component which controls the divided fluid flow
to the outlets. Preferably the aivided fluid flow to
the outlets is by way of respective restrictors which
are carried by the displaceable valve component
and associated one with each outlet so that the” fluid
flcw to that outlet is achieved through the restrictor
respectively associated with that outlet. In many
applications it is envisaged that one or other of the
first and second system parts will generally regquire
a greater flow of hydraulic fluid under pressure than
that which is provided for the other part and as a
particularly advantageous optional feature of the present
invention the two restrictors through which the
divided fluid flow communicates with the respective
outlets can be 0of relatively different sizes t0 provide
a ratio which is other than one of the relative volumes
of the divided fluid flow from the common pressure
source for operating the respective first and second
system parts. For example, in the aforementioned
arrangement where a power assisted steering system and
power braking system are provided it is likely that the

power assistance facility which is incorporated in the
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first system part will require greater flow of fluid - '
under pressure than will the braking assistance
facility provided by the second system part and thus
the restrictor associated with the outlet for the
first system:part can be arranged to have less restriction
characteristics than the restrictor éssociatéd:with the
outlet of the second system part to provide a required
fluid flow ratio to the respective system parts. This
ratio in fluid flow which is available, be it a ratio
of one to one or otherwise, is maintained constant
irrespective of operation of the flow divider valve
means.

Generaliy the second system part will include an
hydraulic accumulator which communicates with the closed
centre valve, the accumulator being charged from the
outlet associated with the second system part and by
way of a non-return valve. In such a system the
relief valve means will be responsive to fluid preséure'
in the accumulator and will react to open the second -
system part to communication with 'exhaust (reservior)
at a position upstream of the non-return valve.

Conveniently the relief valve means is actuated

by pressure differential and has a valve member which
"is responsive to fluid pressure in the second system

part to react against a biasing .force so that such
reaction will open that system part to exhaust when the
predetermined fluid pressure in that system part is
attained.‘ The-biasing force of the valve member can
simply be provided by a. spring; alternatively or in
addition the biasing of the valve member can be provided
by fluid pressure which is derived from the second
system part at a position in that system part which is
opened by the relief valve means to communication with
exhaust. In this latter arrangement and where the valve
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member is responsive to fluid pressure in the
3ccumulator as aforementioned, the biésing of the valve
member may be provided by fluid pressure which is
derived from the second system part at a position upstream
of the non-return valve. _
One embodiment of an hydraulic system constructed
in accordance with the present invention and as
applied to a vehicle control and/or actuating system
will now be described, by way of example only, with
reference to the accompanying illustrative drawings
in which:- '
FIGURE 1 schematically illustrates the system
where the first system part is utilised in a
power assistance steering facility and the
second system part is utilised to provide an
auxilliary service facility such as hydraulic
braking assistance or suspension control, and
FIGURE 2 illustrates a modified relief valve which
can be substitued for the relief valve
which is incorporated in the system of Figure
1.
The hydraulic system illustrated has a constant
flow engine driven pump 1 which draws fluid from a
reservoir 20. The output of pump 1 passes by way of
passage 21 to an input port 22 of a flow divider valve
23 having outlet ports 5 and 6 between which the fluid
flow is divided within the valve 23. The outlet port
6 communicates with a first system part 24 which includes
an copen centre valve indicated generally at 25 forming
part of a power assisted steering gear 26. The
relationship between the valve 25 and gear 26 may be
regarded as conventional whereby in a neutral
condition of the valve 257the power assistance steering
gear is inoperative and fluid fiow is permitted through
the open centre valve from the port 6 by way of passage
27, the valve 25 and passage 28 to return to the reservoir
20.
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The outlet port 5 communicates with a second
system pért 29 which includes a closed centre valve
shown'generally at 30. The port 5 communicates with the
valve 30 by way of a passage 9 and this valve 30 controls
flow of hydraulic fluid to actuate auxilliary services
on demand, for example a brake booster system or a
suspension control system of the vehicle. Since the
closed centre valve 30 is normally closed to flow of
hydraulic fluid therethrough there is included in its
associated system an hyraulic accumulator 14 which is
charged from the outlet port 5 through the passage 9
and by way of a non-return ball valve 15. Also included
in the second system part 29 is a pressure relief valve
7 having an inlet port 12 which communicates with the ,
outlet port 5 by way,bf passage 9 at a position upstream
of the non-return valve 15. The relief valve 7 has
an outlet port 8 which communicates by way of passage
31 with the passage 28 of the first system part and
thereby with the reservoir 20. Communication Between
the inlet and outlet ports 12 and 8 of the relief

- valve 7 is controlled by an annular recess 32 in a spool

10 of the valve. The spool 10 is axially slidable in a
spool cylinder and forms therewith opposed spool chambers

‘33 and 34 the former of which is in constant communication

by way of passage 35 with the hydraulic accumulator 14
at a positioh in:the;passage 9 downstream of the-
non-return valve 15. ©Located in the spool chamber

34 is a biasing spring 11 which normally biases the
spool 10 to a position in which the port 12 is closed
by a spool land to communication with the port 8 and
thereby with the reservoir or exhaust 20. The spool .
chamber 33 is responsive to variations in hydraulic
pressure in the accumulator 14 and when this pressure
attains a predeterﬁined value the spool 10 will be
displaced against the biasing of spring 11 so that the
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the inlet port 12 opens to communication with the outlet
port 8 by wey of ehnglar recess 32 end thereby
with the reservoir 20. Conseéuently, when the eccummator
14 is fully charged the fluid f£low from outlet port 5
can return to the reservoir 20; however, during or 7
following a demand for fluid pressure from the accumulator
14, for example, by actuation of the braking system,
and pressure in the accumulator decreasing, hydraulic
pressure 1nqtherspool chamber 33 decreases accordingly
so that the spool 10 closes-port 12 under the
"biasing of spring 11 and the fluid flow from the outlet
-port 5 is available to recharge the accumulator 14
by way of non-return valve 15.

The flow divider valve 23 comprises a spool 36
which is axially slidable in a spool cylinder formed

. by a housing 2. The spool 36 forms with its cylinder

axially opposed spool chambers 37 and 38 one with
each of which, for practical purposes, the respectlve o
outlet .ports 5 and 6 may be regarded as being in :%~wtt£:f'
substantially constant communication. The spool 36
has an internal passage 392 which is in constant
communication by way of annular recess 40 with the
.injet port 22 and it is this passage which
.effects the division of fluid flow from the output of
pump 1. The passage 39 includes a ;estrietor~3
through which it is in constant communication with the
spool chamber 37 and also includes a restrictor 4
through which it is in constant communication with the
spool chamber 38. It will be apparent that if the
spool 36 is subjected to elternating'fluid pressure *
differentials in the chambers.37 and 38 whereby the
spool is caused to reciprocate, the chambers 37
and 38 will alternately and repeatedly .expand and
contract respectively. '

In the use of~the system and with .both outlet

ports 5 and 6 communicating w1th the reserv01r 20,

VRS S UG — e e e e, —_—
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fluid pressure in the spool chambers 37 and 38 will be
substéntially equal and the spool 36 will be

centralised as shown. If it is now assumed that the
open centre valve 25 is operated to actuate the power
assistance steering gear 26 a demand for fluid pressure
develops in the passage 24 to operate, say, the
hydraulic ram of the gear 26. This demand causes fluid
pressure to develop in the spool chamber 38 while

spool chamber 37 maintains communication with the
reservoir 20 so causing the spool 36 to be displaced
leftwardly in the drawing to progessively close outlet
port 5 until the pressure in chamber 37 equalises that
in chamber 38 and the ratio of fluid flow is maintained
through outlet ports 5 and 6. If however the power
assistance steering gear is inoperative and the 7
accumulator 14 discharges by operation of the closed
centre valve 13, then port 12 of the relief valve 7
closed as previously described and there is demand

for fluid pressure from the outlet port 5; .this demand
develops fluid pressure in the spool chamber 37 while
port 6 communicates with the reservoir 20 so causing'the
spool 36 to be displaced rightwardly in the drawing '

to progressively close outlet port 6 until the pressure
in chamber 38 equalises;that in chamber 37 and the ratio
of fluid flow is maintained through outlet ports 5

and 6. For practical purposes the spool 36 may be
regarded as never fully closing either the outlet port 5
or the outlet port 6; the reason for this is that when

~one oOr 5£her of these ports is being closed by the spool

36 the hydraulic pressure in the spool chamber 37 or

38 which is associated with the near closed port rises
to an extent where it is approximately equal to the
hydraulic fluid pressure which is available in the spool
chamber associated with the fully opened outlet pdrt and
so the spool is no longer subjected to a fluid pressure
differential and ceases its axial displacement. It will
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be apparent that when the demand for fluid pressure
by one or other of the systems parts is satisfied
and both outlet ports 5 and 6 are again opened to
communication with the reservoir 20, the

fluid pressure in the spool chambers 37 and 38 will
equalise as the spool centralises.

_ In the hydraulic system as above described it
is realised that the volume demand for fluid flow to
the power assistance steeriné gear 26 will likely
be greater than the volume demand for such flow

to actuate the auxilliary services by way of the

closed centre valve 30. For this reason the normally

required ratio of fluid flow between the two

system parts can be determined by appropriate selection
of the sizés of the restrictors 3 and 4 and it will

be noted from the drawing that the restrictor 4

provides a far less-restriction to fluid flow
therethrough than does the restrictor 3. This ratio

of fluid flow which is available through the restrictors
3 and 4 is maintained constant as required by the
characteristics of the system and irrespective of the
operation of the flow divider valve 23. 7

When both system parts 24 and 29 are operated
simultaneously to meet respective fluid pressure demands
the spool 36 of divider .valve 23 will be displaced in
the appropriate direction and in response to a fluid
pressure differential in chambers 37 and 38 to make
available greater fluid pressure in whichever of the
system parts may require the greater demand.

The modified form of relief valve 7 shown in
Figure 2 has a stepped diameter spool 10 with opposed
end faces 16A and 16 of different effective pressurised
areas of which the end face 16A with the larger effective
area communicates with spool chamber 33 and the end
face 16 with a smaller effective area communicates
with the spool chamber 34 (within which is located the
spring 11).

-
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In addition the spool chamber 34 is in constant
commﬁnication by way of branch passage 9a with
the outlet port 5 and communicates with that port
through passage-9 at a position upstream of the
non returm valve 15. Both spool chambers 33 and
34 are therefore responsive to hydraulic fluid
pressure while chamber 34 is additionally biased
by the spring 11. The modified relief valve 7
when substituted for the relief valve in the
system -0of Figure 1 serves the same purpose as

- that valve. In the Figure 2 arrangement the port

5 communicates by way of annular recess 32 in the
spool 10 with the passage 31 and thereby with the
reservoir 20 and this is consistent with the
accumulator 14 being fully charged since the’
hydraulic pressure in that accumulator reacts

on spool end face 16A to retain the spool rightwardly
in the Figure against the biasing spring 11 while
spool chamber 34 communicates with the reservoir

20. When the accumulator 14 discharges to a
predetermined extent there is a corresponding decrease
in pressure in the spool chamber 33 which permits the
spool 10 to be displaced leftwardly under its spring
biasing to close'port 12 and thereby effect
pressurisation of the accumulator 14 as previously
described. When the stepped diameter spool closes
port 12 it will be apparent that the spool chamber

34 is pressurised by fluid flow at the outlet

port 5 so additionally biasing the spool leftwardly

in a sense to maintain the port 12 closed. Upon

a predetermined pressure being attained in the
accumulator 14 such pressure is-.applied to the
spool chamber 33 causing the spool to be displaced
rightwardly against the spring and hydraulic
pressure in the spool chamber 34 (by'virtue of the
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differential areas of the spool end faces). During
such rightward displacement of the sbool the port

12 will again open to the recess 32 and thereby

to exhaust (reservoir) to simultaneously open both
the outlet port 5 and the spool chamber 34 to
exhaust. The effect of this latter displecement and
consequent de-pressurisation of the spool chamber

34 reduces the leftward biasing on the spool causing
it to be displaced rightwardly in the Figure at

a greater speed than that which would otherwise be
achieved. Upon opening of the port 12 to the
reservoir 20 it is possible to arrange for the
stepped diameter spool 10 to snap to the right

in Figure 2 thereby giving a relatively clean
opening of the relief valve and alleviating fluid
throttling; this should also alleviate possible
hunting of the spool 10 as may occur in the relief

valve of the Figure 1 arrangement.

BAD ORIGINAL - @ -
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1. An hydraullc system which conprlses a first
system part having an open centre valve; . a second
system part having a closed centre valve; flow
divider valve means hav1ng two outlets’ which
communicate: one with each system part and by
which divided fluid flow from a common source Of
hydraulic'fluid under pressure is directed to the

respective system parts; said flow divider valve

- means being responsive to fluid pressure in the
. respective system parts and reacting to maintain

substantially constant the fluid flow to the outlets
respectively associated with the first and second
system parts irrespective of the pressure.
diéferential“&eveloped between the fluid pressures
in the first and=second systemrparts;mand wherein
the second system-part includes a relief valve

means which is responsive to fluid pressure in that
system part to open that system part to exhaust at

a predetermined fluid pressure.

2. A system as clairmed in Claim 1 in which tha

"'h

ow divider valve m2ans comprises a displaceable
valve comporent which contyols the divided fluid

filow to the two outl:t:, and wherein two restrictors

BAD ORIGINAL ﬁ "
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are carried by said valve componment so-that the

two streams of divided fluid flow communicate with

the reépective two outlets one through eéch of the
. two restrictors.

Wl

f923. A system as clalmed in Claim 2 wherein the
restrlctors are- -0f relatively dlfferent sizes to
provide_a.constant:.ratio other than that of one
‘to one*df‘thé'volumé—of fluid flow from the pressure
5 source wh:.ch is avallable to the respect:.ve outlets
-for the flrst,and -second system parts.

" -4. A system as clalmed in any one of the preceding
claims in which the flow divider valve means comprises
a spdol which is axially displaceable in a spool cylinder
and has two axially opposed>spool chambers which
ljj . respectively expané and contract alternately in
: response to alternate fluid pressure differentials -
l; ' developing'iﬁ the two spool chambers to impart

axial reciprocation of the spool; said spool chambers

:béing,in_conétant communication with the divided

flow from the fluid-pressure source and the two
,f outlets being associated one with each spcol chamber,
. and wherein said outlets communicate with their
respectively associated séooi chambers under control
of ‘the spool so-that when one spool chamber expands
.the: outlet-which is .associated-therewith is open to
thét chamber and “the~outlet which’ is-associated with
‘the contract1ng~spool_chamber is progressively closed

- and vice versa.
5. A system-as claimed in Claim 4 when appendant
to Claim 2 in which the divided flow communicates
with ‘the-respective spcol chambers by way of
passage .means in the spool and the two restrictors
are carried by the spoal to éommunicate with said

passage means.

-
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6. ‘A system as clainmed in any one Of the precedlng
= ' _ claims- in which the-second: system part comprises

an hydraullc‘accumulator which communlcates with the

.closed:centre.valve and the outlet of the flow

.- .-..,__

-d1v1der—valveLmeans —to- the;secqnd systen.part | :1*47*

'_-

communlcates thh the-accumﬁlafor‘by way of a non-

o&-*—-—_ -

return valve;.' d‘whereln the~re11ef valve means is -f.
responszve.toffluldjpressure AF the: accumnlatcr and -

R - .

RO 2 g & T e

Areactsato.open the—second system part_to communzcatzon-
Wlth exhaust at‘a;9051tlon upstream of‘thefnon-return o

7. ;Y system as clalmed 1n any‘one of the precedlng
claims in which the relief valve _means is actuated
by pressure dlfferentlal and has a valve member which_
-1s responszve to fluia pressure in the second system

part—to-react agalnst a blaSlng force whereby that

'system part is opened to. exhaust when the ,
predeuermlned fluld pressure in that system.part is
attained. T - -l :

~8.- A system.as claimed in- Cla ;‘7 in which the .
biasing-force--on- ‘the valve»member is prQV1ded by

‘a spring. - - _ .- )
9. A.system as claimed in either Claim 7 or Claim
-8 in which. thembiasing‘of“the valve member is provided

by ;lhld pressure'derlved.from~the—second system part

7 = a opened by
,ftﬁe reklef valve»meaasvtc'commuplcaticn“w1th .exhaust.
‘10:’¢hisys* SatSo i claemed in Clalﬂ 9 when arnepdant
6 “im-which- th nas leve member is respoasive
to fluid pressure in the accumulator and the biasing
cf that membesr is provided by fluid pressure derived
from a positicon in the-second system part wnlch is”

located upstrsam cf th2 non—-return valve.

- —————
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11. A vehicle which includes an hydraulic
system_és claimed in any one of the preceding
claims ‘in.which the open centre valve of the
first system part _controls actuation of a power
assisted steering gear and the closed centre
valve-of the-second system part serves to

actuate or—control auxilliary hydraulic services

.suchnas power.aSSLSted ‘braking or suspenSLOn.

12. —veblcle as-claimed in Claim 11 when
appendant to.€laim 3 wherein the restrictor -

‘;associatediwithfthe;first'system part provides less
‘restriction to fluid flow therethrough than does

the restrictor associated with the second system
part. '

-
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