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@ Improvements in or relating to hydraulic control system.

. @ A hydraulic control system is disclosed comprising two

actuators operating in parallel or tandem each having a
separate supply of hydraulic fluid and two electrohydraulic
servo control valves interposed between each actuator and
its respective hydraulic supply, each control vaive having
two operating coils for the electrical operation thereof, the
said coils being connected to four electrical control lanes in
such a manner that each lane is connected to one coil of a
control valve asociated with one actuator and with one coil of
a control valve associated with the other actuator. Feedback
control of the valves is preferably provided to equalise
hydraulic imbalance, the valves for each actuator having
differing overlap characteristics such that the feedback signal
may apply selectively to the valves of one or other actuator.
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IMPROVEMENTS IN OR RELATING_TO _HYDRAULIC

This invention relates to hydraulic control systems,
using valves to control the supply of hydraulic fluid
to an actuator. The invention is concerned with the
control of such actuators which are to be used in the
positioning of movable loads of substantial size with
a high degree of accuracy and retiability. A particular
but not exclusive application of such hydrauldic control
systems is in the control of actuators for use in the
power operation of control surfaces of an aircraft.

In many applications of hydraulic actuators, it
is desirable to position a movable load of some several
tonnes with a high degree of accuracy while maintaining
a high degree of protection against failure. Many
such actuators are required to be controlled remotely
by way of electrical signals from a remote control
point and it is necessary to provide redundancy to
accommodate the failure of various components in the
hydraulic system itself or the electrical control
system and hydraulic valves associated with ﬁt, SO
that control of the actuator may be maintained in the
event of such a failure. One particular, but not exclusive,
example of such an actuator is a hydraulic actuator
used to effect the movement of an aircraft control
surface, particularly a high speed aircraft. It has
been proposed to use hydraulic piston and cylinder
actuators to move the various control surfaces of an
aircraft, the actuators being arranged to operate
under servo control in response to movement of the control
column or pedals of the aircraft by the pilot.

Electrical transducers associ@ted with the pilot
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control input elements have been arranged to provide
etectrical signals which in turn are fed to the actuator
system as servo control signals to control the output
position of the actuator itself. At the same time the
pilot control input elements have been mechanically
coupled to the control system and the actuator to

provide a direct mechanical coupling by which control

may be-maintained'in the event of failure in the

eLectr1cal s1gnall1ng system, allowing the pilot to

ma1nta1n controL of the aircraft. This has necess1tated

the. prOV1s1on of a mechan1cat linkage between the pilot

contro& elements in the cockpit and the hydraulic
actuato? s1ted adJacent the control surface in question

wh1chvuh1Le not requ1r1ng to transmit the full control

tforces héve'nevertheless‘inﬁolved precision of operation

'; to prov1de accurate manual control.

With. the need to develop aircraft hav1ng ever

h1gher performance, and the development of eLectron1cs

~for h1ghly soph1st1cated on-board computer systems,

it has become»des1rable to take advantage of the greater

’aero-dynamic'efficiency which can be achieved with

an aircraft which is inherently unstable. With such

an aircraft the aero-dynamic penalties associated with
achieving inherent stability can be eliminated or
minimised, but such an aircraft has to be "flown"
continuously and it would be beyond the capability

of a pilot to fly such an aircraft under manual control.
With the development of computer systems, a computer

may be used continuously to "fly" the aircraft and thus
replace inherent stability.
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In order to utilise such a computer system it is
necessary to provide hydraulic control surface actuators
which are electrically controllable under the influence
of the computer and which provide sufficient reliability
and redundancy in the control system to eLimiAate the
need for stand-by mechanical connections with the
pilot control elements in the aircraft, since they
would be of no substantial use to the pilot as e

fall-back system.

It is an object of the present invention to provide
a hydraulic control system using valve actuator control
which is suitable for use in an arrangement as described
above, particularly in providing a required degree of
redundancy against hydraulic and/or electrical failure
and compensation for electrical hydraulic and/or
mechanical tolerances or errors. Further and other
objects and ‘improvements achieved by the present
invention will be apparent from the foLLoﬁing.

According to the present invention a hydraulic
control system comprises two actuators operating 1in
parallel or tandem each having a separate supply of
hydraulic fluid and two electrohydraulic servo control
valves interposed between each actuator and its respective
hydraulic supply, each control valve having two operating
coils for the electrical operation thereof, the said
coils being connected to four electrical control lanes
in such manner that each lane is conected to one coil
of a control valve associated with one actuator and
with one coil of a control valve associated with the

other actuator. The system is preferably provided with
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means toO %eed an electrical feedback signal to the said
control valves in response to a pressure differential
across one and/or the other actuator, and in this
arrangement preferably one of the control valves
associated with each actuator has a linear input current
output flow characteristic passing through the zero
current flow point whilst the other control valve
associated with each actuator has an overlap at the
zero flow point such that it provides no flow output
for a part of the input current range either side of
the zero position. The said overlap at zero flow

point is preferably such as to proviae no flow output
for up to 15% on either side of zero of the input
current range, the pressure feedback signal magnitude
preferably being arranged to be less than 104 of the
vélve control current. In the arrangement where the

valves differ, the normal flow gain of each of the

control valves having overlap differs from the normal

flow gain of each of the control valves without overlap
such that the full control signal in either sense

or direction applied to both types of valve achieves
substantially the same maximum flow rate to the respective
éctuators.

The hydrauLic.controL system in the present invention
therefore comprises four electrical controllanes each
serving in series one of the two coils of one of the
valves of each actuator. In a preferred form of the
invention one, which can be regarded as the primary
valve in each case, has a nominally zero overlap and
high pressure gain and the other, the secondary valves,

has a significant overlap and a lower pressure gain.
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The object of the overlap is to ensure that within the
null changes which are to be expected in service, the
secondary overlapped low gain valve will remain in the
overlap region thus eliminating the parasitic flow"
which would otherwise arise if the primary valve were
standing open in one direction and the secondary vatlve
in the other.

Each of the four control lanes is wired in series
to a high gain primary valve without overlap of one
actuator and the low gain secondary valve of the other.
In normal operation of the system the performance of
each actuator is based primarily on the performance of
its primary valve, its secondary valve being provided
for redundancy and failure survival purposes. When for
example one valve associated with an actuator fails
mechanically, the presence of anpther valve associated
with that actuator enables the effects of the failed
valve to be passivated by opening the second valve
in the opposite sense to that in which the first valve
is jammed therefore setting Qp parasitic flow. Control
of the system output is then maintained by the other
sound actuator.

When pressure feedback sensing means, for example a
transducer, are provided for each actuator to overcome
"fighting" and dead zones arising from mechanical/ |
hydraulic errors by equalizing the pressures
on either side of the actuator concerned, the pressure
feedback means may also be used to identify failures
for example mechanical failures in the control valves

prior to use of the overall system, for example aircraft,
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relying on use of the hydraulic control' system.

The control system of the invention thus utilises
a dual valve arrangement associated with each of two
actuators to enable the seizure or other defect of any
valve to be overcome. By the use of two valves electrically
in series electronic lane tolerances are distributed
equally to the valves in both actuators. By provision
of pressure feedback sensor to feed a pressure feedback
signal into the control lanes and thence to the valves
associated with the arrangement of primary and secondary
valves described above, residual and electronic and/or
mechanical tolerances can be overcome, the overlap/no overlap
relationship of the secondary and primary valves
respectively enabling antiphése fighting arising from
tolerances to be wash out by éhe~action of one valve per
actuator despite the equal feeding of the feedback signal

into the valves of both actuators. .
Other objects, benefits and advantages of the

invention will be apparent to those skilled in the art.
\ In order to promote a full understanding of the
above and other aspects of the present invention an
embodiment will now be described by way of example only
with reference to 'the accompanying drawings, in which:-

FIGURE 1 is a schematic representation of a
hydraulic control actuator with a hydraulic valve
system for electrical control inputs;

FIGURE 2a is a more detailed schematic diagram
of the arrangement of Figure 1 in a first control
state;

FIGURE 2b 4is a similar diagram to that of Figure

2a with the system in a second control state; and
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FIGURE 3 shows the arrangement of Figure 1 in
more detail still.

With the arrangement shown in Figure 1, which
might be for the actuation of an aircraft control
surface or other item, there is provided a hydraulic
piston and cylinder actuator 10 having a body 11
arranged to be mounted on a structure and an output
piston rod 12 arranged to be coupled to a movable
element carried on that structure. The hydraulic actuator
10 has in fact two actuators 10A and B arranged
back to back, coupled through their piston rods and
bodies, but controlled independently of one aother.

A dual hydraulic supply system (not shown per se) is
provided, one system supplying the actuator 10A

through a valve system indicated 14 A and the other
supplying the actuator 10B through a valve systenm
indicated at 14B. Electrical control input signals

may be provided to the valve systems 14A and 14B

through four electrical control lanes indicated at

15, 16, 17 and 18 which are each independent of each:
other. The four lanes 15 to 18 couple the actuator 10.
to a control input element (not shown) such as the
control column in the pilot's cockpit. It will be noted
that each of the electrical supply lanes 15 to 18

is connected to both of the control valve systems 14A
and 14B. In the event of hydraulic failure in one of
actuators 10A or B or their respective hydraulic supply
systems, the system may continue to operate under the other
actuator and supply system. In the event of failure

of two or even perhaps three of the electrical signal
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lanes, control may still be maintained albeit degraded.

As shouwn in Figures 2A and 2B each of the
valve systems 14A and 14B has a primary hydraulic -
valve 20 and 25 and a secondary hydraulic valve 21 and
24 so that there are two valve elements to control the
flow of hydraulic fluid from each fluid source to
the respective actuator 10A or 10B. The two electro
hydraulic servo control valves 20 and 21 are arranged
to supply the actuator 10A with hydraulic fluid from
supply lines 22 connected to a first hydraulic supply
system (not shown) having an associated return line 23.
The valves 20 and 21 are electrically controlled in a
servo system having feedback derived from a posifion
sensor (not shown) responsive to the output position
of the hydraulic actuator 10A. Two furthér electro
hydraulic control valves 24 and 25 are similarly arranged
to supply fluid from supply lines 26 to the actuator
{DB with an associated return line 27.

Figure 2A illustrates a steady state situation
where no actuator displacement is being demanded e.g. by
the pilot. In the situation shown in Figure 2A the
control valve 20 is assumed to be jammed in a fully
open condition allowing full hydraulic pressure P
to beapplied to one side 40 of the actuator 10A. It
will be seen in this situation that the valves 21, 24
and 25 only need to take a very small offset to produce
a situation with the full pressure P on the opposite

side 43 of the actuator 10B in the second hydraulic
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system thus preventing displacement of the rod 12.
When movement is required of the actuator rod 12 with
the valve 20 still jammed in the same fully open condition
the system compensates by movement of valve 21 as
shown to equalise the pressure (at appro;imatety ¥P) in
the two sides 40 and 41 of actuator 10A leaving actuator
10B to operate normally under control of valves 24 and
25. In the arrangement shown in Figure 2B the valves
2% and 25 will under no load or Low load conditions
settle so as to provide pressure at approximately gg
in both sides 42 and 43 of actuator 10B, movement at
maximum rate or close to it of the piston 12 being
effected by sufficient relative variation from %P in -
sides 42 or 43 to overcome friction etc. At higher Load
requirements e.g. of a wing surface at high speed will
require a greater pressure variation delivered again
by appropriate movement of valves 24 and/or 25.

In aircraft control systems pressure P may be in
the region of 20 to 30 MN/mZ, but systems utilizing
the present invention may operate at whatever pressure
required. Thus, as shown in Figure 2B when a maximum
movement rate is démanded of the actuator 10, near
maximum rate will be achieved since the valve 21
will be displaced fully in the sense required to
neutralise the effect of the jammed valve 20, whilst
the full control condition can be achieved by the
valves 24 and 25 operating on the actuator portion
108B.

This arrangement provides a system with a very

good failure survival capability. The system has a
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further advantage in that any electronic lane tolerances
are fed identically into control valves assocjated

with both actuators 10A and 10B supplied by separate
hydraulic systems and thus do not create the anti-

phase fighting of pressure illustrated in Figure 2A.

However further tolerances may exist e.g. in
the mechanical elements and electrical actuating coils
of the valves themselves and such tolerances may of
sufficient magnitude themselves to cause antiphase
fighing aslilLustrated in Figure 2A. The antiphase
fighting condition can severely affect the threshold
performance of such systems.

In order to overcome this, means are provided to
measure the differential pressure across each actuator
and to feed back to the electro hydraulic control system
an etectrical signal which is proportional to that
pressure difference, substantially to equalise the
pressures deLivered.to each side 40 and 41 of actuator
10A and to each side 42 and 43 of actuator 10B. Thus,
for example, if there is pressure differential between
sides 40 and 41 of actuator 10A in an otherwise nq'Load
condition, a feedback signal proportion to that
pressure differential, will be

required to be fed to valves 20 or 21 to restore
substantially equality of pressure between sides 40 and
41. Since however the required feedback signal e.g.

to valves 20 and/or 21 will be fed equally and in

the same sense to valves 24 and/or 25 the objective i.e.

egualisation to compensate pressure imbalance cannot be

achieved without further provision.
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In order to overcome this the system may be provided
with the above described two valve per actuator
arrangement using primary and secondary electrohydraulic
valves of different overlap characteristics within
each of the valve systems 14A and 14B associated with
the respective actuators 10A and 10B. In particular, the
primary valves 20 and 25 have subtantially linear electric
current/hydraulic flow chracteristics across their
centre position, while the secondary valves 21 and
24, have a significant overlap at their centre position
so that they do not respond to give hydraulic flow, to
signals of say less than 15% of full control signal.

Such an arrangement is illustrated schematically
in Figure 3. It should be noted that in this
arrangement the control valves 20, 21, 24 and 25 are
associated with the two portions 10A and 10B of an
actuator 10 which is arranged in turn to drive a main power
control vatve (not shown) which similarly controls
the supply from the twe hydraulic systems to two
separate portions of a main power actuator (not shown}.
Avart from this the arrangement is similar to that
of the previous Figures and its operation is of course
the same in principle.

In the arrangement of Figure 3 a pressure
difference feedback signal generator 30 is provided
to give a feedback to electrical lanes 15 and 16 1in
response to the pressure differential between the two
sides 40 and 41 of the actuator 10A. A second pressure
difference feedback signal generator 31 i1s arranged to
give feedback signals to the lanes 17 and 18 in response

to the pressure difference on the two sides of the
actuator 10B.
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If now the pressure feedback signal magnitude is
arranged to be less than 104 of the valve control
current then one valve (the primary valve) associated
with actuator 10A or 10B will respond to the pressure
feedback signal while the other (the secondary valve)
will not. Thus the dinterphase hydraulic controL
conditions can be offset through the action of primary
valves having no overlap, 20 and 25, while the other
or secondary valves having overlap, 21 and 24 may be

utilised to offset a hard-over condition as previously

described. To achieve this the normal flow gain of

the primary valves (20 and 25) and secondary valves
(21 and 24) are chosen to be different so that the same
full signal level of either sense or direction applied
to both types of valves will achieve essentially the same
maximum flow rate out of both types of valve into their
respective actuators 10A and 10B. Thus a2 hard-over
condition in one direction in say the valve 20 can still
be neutralised by displacement of the valve 21 in the
opposite direction when movement is demanded.

Thus it can be seen that the invention provides
a system which retains full electrical lane redundancy
even after one of the hydraulic systems has experienced
a failure. The system is also able to neutralise
the effect of electric lLlane tolerances by effecting
the command identically to valves associated with the
two actuators 10A and 10B by wiring the control coils of
the valves in one hydraulic system in series with the
coils of the valves of the other hydraulic system. The
use of more than one valve per hydraulic system enables

a hard-over or other fault condition in one valve to be
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neutralised by the action of the second valve in the
same system. A .combination of the above features with
the provision of equalising pressure difference feedback
signals enables the prevention of hydraulic "fighting"
between the two portions of the actuator. The use of
valves of different characteristics in each of the
two hydraulic systems permits all the features
meantioned above to be embodied a.at one and the same time.
The primary valves 20 and 25 will be axis cut ij.e.
will be linear across centre with no significant overlap.
For aircraft use, particularly high speed aircraft,
such a2 valve will have a high pressure gain not less
than 28MN/m2 per milli.amp per coil.It would also have
a high band width performance unless special action is
taken to reduce the flow gain of the first stage to
reduce the overall standing leakage within the system.
The secondary valves 21 and 24 would have a normal
null bias tolerance of plus or minus 2%. This may
deteriorate 1n service without having significant effect
on the overall behaviour of the system. Deviations in
use up to perhaps 7% are believed to be likely, the
figure of plus or minus 15% overlap proposed herein
being to make allowance for a null bias deterioration
of up to plus or minus 10%Z. For the pressure feed- )
back control it is believed that a 10% signal for a 28MN/m°
differential is appropriate: With this the effect of
the pressure feedback will not be significant when
applied to the secondary valves and only the primary
valves will normally contribute to the equalisation

process.
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Shown next to the coil arrangements of each of the
valves in Figure 3 is a2 small graph showing the overlap

characteristics of the valves concerned.
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CLAIMS
1. A hydraulic control system comprising two actuators
operating in parallel or tandem each having a separate
supply of hydraulic fluid and two electrohydraulic .
servo control valves interposed between each actuator
5. and its respective hydraulic supply, each control
valve having two operating coils for the electrical
operation thereof, the said coils being connected to
four electrical control lanes in such manner that each
lane is connected to one coil of a control valve
10. associated with one actuator and with one coil of a

control valve associated with the other actuator.

2. A system as claimed in Claim 1 in which means
are provided to feed an electrical feedback signal to
15. the said control valves in response to a pressure

differential across one and/or the other actuator.

3. A system as claimed in Claim 2 in which one of
the control valves associated with each actuator has. a
20. linear input current output flow characteristic passing
through the zero current flow point whilst the other
control valve associated with each actuator has an _
overlap at the zero flow point such that it provides

no flow output for a part of the input current range

25. either side of the zero position.

4, A system as claimed in claim 3 in which the said
overlap at zero flow point is such as to provide no

flow output for up to 15% either side of zero of the
3.
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input current range.

5. A system as claimed in Claim 2 wherein the pressure
fesdback signal magnitude is arranged to be less than

10%Z of the valve control current.

6. A system as claimed in claim 3 wherein the normal
flow gain of each of the control valves having overlap
differs from the normal flow gain of each of the
control valves without overlap such that the full
control signal in either sense or direction applied

to both types of valve achieves substantially the

same maximum flow rate to the respective actuators.
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