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69 Servosystem.

@ A servo system {11) includes a servo control circuit (12a,
12b) adapted to control the flow of pressurised fluid to a hy-
drautic control jack (15), the conirol circuit including a main
spool vaive (25), a break-out valve (40) operative in the event of
a failure of the spool valve (25) and in response to a subse-
quent movement of control means (13) to connect a source of
pressurised fluid to operate a by-pass valve (31) to open a cir-
cuit between the chambers (15a, 15b) of the jack. Preferably
the break-out valve (40) includes isolating means (42, 43, 44,
48) adapted to isolate the valve from subsequent movements
of the control means (13).

EP 0068 728 A1

ACTORUM AG



10

15

20

25

30

0068728

Description of Invention

Title: Servo System

THIS INVENTION relates to a servo system and particularly to a
servo system for use in positioning aircraft control surfaces or in
adjusting the pitch of helicopter rotor blades.

The pitch of helicopter rotor blades can be controlled by
hydraulic jacks., Three such jacks may be provided and adapted
respectively to cater for cyclic fore-and-aft, cyclic lateral and
collective blade movements. Each jack is controlled by a duplicated

servo control system in order that adequate control is maintained in

" the event of a failure, such as seizure of a main spool valve, in one

of the systems.

In the event of such a failure it is normally necessary for the
pilot to initiate isolation of the faulty control system, and this is
undesirable in the circumstances. Furthermore, high control stick
forces normally result from a failure and this too is undesirable.

GB-A-2057718 describes a servo system in which duplicity is provided
by identical servo valves 20a and 20b controlled by a single switching
valve 22 to adjust the position of a servo motor 4. In the event of
failure of the controlling servo valve, the switching valve operates
automatically to connect the remaining servo valve to the motor so
that essential control is maintained) however it is to be noted that
further movements of control rod 40 ha;ve to be accomplished against the
loading imposed by the spring member 42a or 42b associated with the
failed servo valve 20a or 20b.

Accordingly, in one form, the invention provides a servo system
having a servo control circuit adapted to control the flow of pressurised
fluid to a hydraulic control jack, the control circuit including a
main spool valve for controlling the flow of pressurised fluid to
chambers at each side of a piston in the jack in response to movement of
a control means, a break-out valve operative in the event of a failure of
the spool valve and in response to a subsequent movement of the control
means to comnect a source of pressurised fluid to operate a by-pass valve
to open a circuit between the chambers of the Jjack.

Preferably, the break-out valve includes isolating means adapted to
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isolate the valve from subsequent movements of the control means.
The isolsting means may include a boss located in a chamber of
the biéak—out valve and operatively associated with the control
means, a sliding land located at each side of the boss, spring
means normally operative to force the lands into contact with
opposed surfaces of the boss and with a fixed abutment provided in
the chamber, two pressurised fluid inlet conduits opening into
the chamber so as to obturated by the respective lands during
normal operation of the system, and an outlet conduit opening into
the chamber between the lands and operatively comnected to the
by-pass valvee.

Conveniently, the boss may be located intermediate the ends of an
axially movable rod protruding from one end of the chamber of the
break-out valve for pivotal comnection to the control means.

The break-out valve outlet conduit may connect to a chamber at
one side of a piston head of the by~pass valve, the piston head
carrying a spool having spaced-apart lands controlling an
interconnection between the chambers of the control jack. A coil
spring may act on the piston head in the same sense as pressurised
fluid from the break-out valve outlet conduit and may be opposed by
pressurised flﬁid acting on a reduced diameter of one of the lands.
The break-out valve outlet conduit may incorporate a non-return
valve, and a pressure switch indicator may be adapted to provide an
indication of fluid pressure in the outlet conduit.

The protruding end of the movable rod may be pivotally comnected
to one end of a lever the other end 6f which is pivotally connected to
an end of an operating rod protruding from the spool valve, the control
means 15ei.ng pivotally attached intérmediate the ends of the lever.
The control means may comprise a control rod pivotally earthed to
a moving body of the control jack.

In a preferred embodiment, the control circuit may be duplicated
+o maintain operation of the Jack in the event of a failure in one of

" the control circuits.

In another form, the invention provides a servo system including
duplex servo control circuits each adapted during operation to control
the flow of pressurised fluid to a common hydraulic jack, each
circuit having a main spool valve for controlling the flow of
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pressurised fluid to chambers at each side of a piston in the jack
in response to movement of a control means, a break-out valve
operative in the event of a failure of the spool valve and in
response to & subsequent movement of the control means to connect a
source of pressurised fluid to operate a by-pass valve to open a
circult between chambers of the jack served by the failed circuit
whereby continuous control of the position of the jack is provided
by the second circuit, the break-out valve including isolating means
adapted to isolate the valve from subsequent movements of the control
means.

In yet a further form, the invention provides in or for a helicopter
powered flying control system, a servo system including duplex servo
control circuits each adapted during operation to control the position
of a common hydraulic jack, each circuit having a main spool valve
for controlling the flow of pressurised fluid to chamberg at each
side of a piston in the jack in response to movement of a control
stick, a break-out valve operative in the event of a failure of the
spool valve and in response to a subsequent movement of the control
stick to conmnect a source of pressurised fluid to operate a by-pass
valve to open a circuit between the chambers of the jack served by
the failed circuit whereby continued control of the position of the
jack is provided by the second circuit.

The invention will now be described by way of example only and
with reference to the accompanying drawings in which,

Figure 1 is a schematic illustration of a servo system constructed
in accordance with the invention for 6ont1jolling the pitch of
helicopter rotor blades, and

Figure 2 is a schematic illustration of part of the system of
Figure 1 and illustrating operational features in two failure cases.

Referring now to Figure 1, a moving body control jack 11 is
operationally connected to duplicated servo control circuits 12a and
12b which, in turn, are both operationally comnected to control means
comprising a control stick 13.

The control jack 11 comprises a body 14 formed with separated,
longitudinally aligned chambers 15. A piston 16 is located in each
chamber 15, the pistons 16 being interconnected by a rod 17 and
earthed to aircraft structure as indicated at 18. Bach of the pistons
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16 subdivides its respective chamber 15 into chambers 15a and 15b.

Control stick 13 is pivotally attached to structure at 19 and
is connected by rods 20z and 20b to pivotal attachments 21a and 21b
intermediate the ends of input levers 22a and 22b respectively. In
a preferred embodiment, the structure for attachment 19 comprises
the body 14 of control jack 11.

The remaining parts of each of the control circuits 12z and 12b
are identical, and the reference numerals in the following
description are marked on the left hand circuit 12a only. In the
drawings, the letters P and R denote hydraulic pressure supplies and
hydraulic return connections respectively.

One end of lever 22a is comnected through pivotal attachment 23
to an end of a rod 24 protruding axially from an end of a main spool
valve 25. The rod carries two lands 26 in a chamber of the valve
25, the axial position of the lands 26 serving to control the flow
of pressurised hydraulic fluid from a pressure source to output
conduits 27 and 28, Conduits 27 and 28 are comnected respectively
to chambers 152 and 15b of one chamber 15 of control jack 11.

A branch conduit 29 connects conduit 27 to a chamber 30
formed in a by-pass valve 31 between two spaced-apart lands 32 and 33
of a spool attached to a pistori head 34 having a larger diameter
than that of the lands 32 and 33. A coil spring 35 is located in a
chamber 36 formed on the side of the piston head 34 opposite to that
which carries the lands 32 and 33. A branch conduit 37 connects
conduit 28 also to the chamber 30, but at a position axially spaced
from the connection of conduit 29, for a purpose to be explained.

The other end of lever 22a is comnected through pivotal attachment
38 to a rod 39 protruding axially from one end of a break-out valve 40
having an internal chamber 41. The rod 39 carries a fixed boss 42
between two sliding_ lands 43 and 44 which control the flow of
hydraulic fluid betwe'en a bifurcated input conduit 45 and an output
conduit 46. A coil spring 47 is located in each end of chamber 41
and forces the lands 43 and 44 into a central position in the chamber
41 and in abutment with a stop 48 provided on the inner wall of
chamber 41.

Conduig &&62’ is filled with hydraulic fluid and connected to chamber
36 of by-pass,\31o A non-return valve 49 is fitted in conduit 46
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and a bra':\ch conduit 50 downstream of non-return valve 49 includes a
flow restrictor 51 and a pressure switch indicator 52.

In normal operation of the control system, the force of springs
AT in break-out valve 40 maintains the sliding lands 43 and 44 in
contact with central stop 48, thereby acting through fixed boss 42
to retain the rod 39 in the position illustrated. The connection 38
thereby acts as a fixed pivot.

Thus, movement of control stick 13 through arc 53 is transmitted
through rod 20a to pivot input lever 22a about a fixed pivot
provided by connection 38 to adjust the position of lands 26 of the
main spool valve 25 through the rod 24. Movement of lands 26 from
the illustrated null position serves to connect the supply of pressurised

- hydranlic fluid to one of the chambers 15a or 15b of one chamber 15

of control jack 11, thereby moving the body of jack 11 due to reaction
with the fixed piston 16. The preferred embodiment, with attachment 19
comprising the body 14 of control jack 11, provides an automatic
feedback facility that is proportional to the input signal.

The pressurised fluid supply to by-pass valve 31 acts on the
surface area of land 33 which overcomes the force of spring 35 acting
on the larger surface area of piston 34 to retain the lands 32 and 33
in the position illustrated so as to prevent any flow of fluid
between branch conduits 29 and 37.

Movement of the body of jack 11 is transmitted through connecting
means (not shown) to adjust the pitch of the helicopter rotor blades.
It will be understood that the described control function is
duplicated in control circuit 12b. =

Figure 2 illustrates operation of control circuit 12a in the
event of a malfunction caused by sticking of the main spool valve 25.
Two failure cases will be described; namely, a case in which the main
spool valve sticks with the lands 26 in the null position indicated in
full line in Figure 2, and a case in which the lands 26 stick in a
position other than the null position as indicated in broken line in
Figure 2.

It will be apparent that both conditions result in a fixing of the
connection 23 which, it will be remembered, in normal operation is
capable of movement to adjust the position of lands 26. Thus, in a

failure case, comnnection 23 becomes the fixed pivot and movement of
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control stick 13 acts to rock input lever 22a about this pivot to
cause axial movement of rod 39 of break-out valve 40.

Therefore, initial movement of the control stick 13 subsequent
t0 a failure of spool valve 25 moves the sliding rod 39 of the
failed circuit 12a which acts through fixed boss 42 to move one
of the sliding lands 43 or 44 against the force of the spring 47 so
as to uncover one of the ends of bifurcated conduit 45. Hydraulic
pressure is now admitted to the portion of chamber 41 between the
lands 43 and 44 which, due to the surface area of lands 43 and 44,
overcomes the force of the springs 47 to move the sliding lands 43
and 44 outwa.rdly' avay from stop 48 and by equal amounts, and to
maintain the axial spacing between the lands 43 and 44.

The axial spacing automatically established between the lands
43 and 44 of break-out valve 40 provides freedom of movement for
the sliding rod 39 thereby effectively isolating the break-out
valve 40 of the failed ciruit from further movements of the control
stick, with the result that the valve 40 does not impose undesirable
loadings on the control stick 13 which is therefore free to maintain
control through the remaining operational circuit 12b.

Pressurised hydraulic fluid now flows through conduit 46 into
chamber 36 of by-pass valve 31, and due to the larger area if the
head of the piston 34, overcomes the pressure on the surface of
land 33 to move the lands 32 and 33 to the position illustrated in Figure
2 to establish connection via chamber 30 of by-pass valve 31 '
between branch conduits 29 and 37.

In the case of failure with landé 26 of main spool valve 25
stuck in the null position, this means that an open circuit is
established between chambers 152 and 15b of that chamber 15 of control
jack 11 served by circuit 122 so as to provide no restriction to
movement of the body of control jack 11 by continued operation of
control circuit 12b, which may thus function in the normal mode
hereinbefore described in order to maintain control of the jack 11
to maintain an essential flight control system.

In the second failure case to be 'consifiered, with the spool valve

- stuck with its lands 26 in the positions shown in broken lines,

operation of the break-out valve 40 and by-pass valvé 31 is identical
to that previously described. In this case, because of the offset
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position of the spool valve, pressurised hydraulic fluid will be
supplied through the main spool valve 25 and conduit 28 to chamber
15b of the relevant chamber 15 of control jack 11; however, due to
the open circuit established by operation of the by-pass valve 31,
this pressure will equalise in both of chambers 152 and 15b so that
again the failed circuit 12a provides no restraint to normal operation
of circuit 12b by which an essential control function is mainteined.

Thus, the present invention provides a servo system which functions
automatically in the event of a failure of the main spool valve in
one of the duplex servo control circuits. Furthermore, apart from
the initial load required to actuate the isolating means in the break~
out valve 40 of the failed ciﬁ%it by a subsequent movement of the
control stick 13, the system ensures that no forces emanate from
the failed circuit to hinder continued control by the remaining
operational circuit.

Whilst one embodiment of the invention has been described and
illustrated it will be apparent that many modifications can be made
without departing from the scope of the invention, as defined in the
appended claims. For example, the individual servo control circuits
can be used independantly in which case the invention serves to

automatically isolate the circuit in the event of a failure.
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CLATMS

1. A servo system (11) having a servo control circuit (12a, 12b)
adapted to control the flow of pressurised fluid to a hydraulic
control jack (15), the control circuit including a main spool valve
(25) for controlling the flow of pressurised fluid to chambers (15a,
15b) at each side of a piston (16) in the jack in response to movement
of a control means (13), a break-out valve (40) operative in the

event of a failure of the spool valve and in response to a subsequent
movement of the control means to connect a source of pressurised
fluid to operate a by-pass valve (31) to open a circuit between the
chambezs of the jack.

2. L servo system as claimed in Claim 1,wherein the break-out valve

includes isolating means (42, 43, 44, 48) adapted to isolate the valve
from subisequent movements of the control means.

3. L servo system as claimed in Claim 2, wherein the isolating means
includes a boss (42) located in a chamber (41) of the break-out valve
and operatively associated with the control means, a sliding land (43,
44) located at each side of the boss, spring means (47) normally
operative to force the lands into contact with opposed surfaces of the
boss and with a fixed abutment (48) inside the chamber, two pressurised
fluid inlet conduits (45) opening into the chamber so as to be
obturated by the respective lands during normal operation of the
system, and an outlet conduit (46) opening.into the chamber between
the le=mdis and operatively connected to the by-pass valve.

4. 4 servo system as claimed in Claim 3, wherein said boss is located
intermsdiate the ends of an axially movable rod (39) protruding from
one end of the chamber of the break-out valve for pivotal connection

to the control means.

5. A servo system as claimed in Claim 3 or Claim 4, wherein the
outlet conduit comnects to a chamber (36) at one side of a piston head

(34) of the by-pass valve, the piston head carrying a spool having
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spaced~apart lands (32, 33) controlling an intercomnection between
the chambers of the control jack.

6. A servo system as claimed in Claim 5, wherein a coil spring (35)
acts on the piston head in the same sense as pressurised fluid from
the break-out valve outlet conduit and is opposed by pressurised fluid

acting on a reduced diameter of one of the lands.,

7. A servo system as claimed in any one of Claims 3 to 6, wherein

the break-out walve outlet conduit incorporates a non-return valve (41).

8. A servo system as claimed in any one of Claims 3 to 7, and
including. a pressure switch indicator (52) adapted to provide an
indication of fluid pressure in the break-out wvalve outlet conduit.

9. A servo system as claimed in any one of Claims 4 to 8, wherein
the protruding end of the rod is pivotally connected to one end of a
lever (22a, 22b) the other end of which is pivotally comnected to an
end of an operating rod (24) protruding from the spool valve, the

control means being pivotally attached intermediate the ends of the
lever.

10. A servo system as claimed in Claim 9,wherein the control means

comprises a control rod (209._, 20'9_)7 pivotally earthed to a moving body
(14) of the control jack.

11. A servo system as claimed in any preceding claim,wherein the
control circuit is duplicated to maintain operation of the jack in
the event of a failure in one of the control circuits.

12. A servo system (11) including duplex servo control circuits (12a,
12_1_)_) each adapted during operation to control the flow of pressurised
fluid to a common hydraulic control jack (15), each circuit having a
main spool valve (25) for controlling the flow of pressurised fluid
to chambers (152, 15b) at each side of a piston (16) in the jack in
response to movement of a control means (13), a break-out valve (40)
operative in the event of a failure of the spool valve and in response
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to a subsequent movement of the control means to connect a source of
pressurised fluid to operate a by-pass valve (31) to open a circuit
between the chambers of the jack served by the failed circuit whereby
continuous control of the position of the jack is provided by the
second circuit, the break-out valve including isolating means (42, 43,
44, 48) adapted to isolate the valve from subsequent movements of the

control meanse.

13. In or for a helicopter powered flying conirol system, a servo
systen {11) including duplex servo control circuits (12a, 12b) each
adapted during operation to control the position of a common hydraulic
jack, each circuit having a main spool valve (25) for controlling the
flow of pressurised fiuid to chambers (15a, 15b) at each side of a
piston {16} in the jack in response to movement of a control stick (13),
a breal-oui valve (40) operative in the event of a failure of the
spool wzlve and in response to a subsequent movement of the control
stick %e connect a source of pressurised fluid to operate a by-pass
valve {31} to open a circuit between the chambers of the jack served
by the failed circuit whereby continued control of the position of the
jack is provided by the second circuit.
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