1 Title of the invention Actuator position control device using a fai
freeze servo-valve 5 Background to the invention This invention relates to
the position control of an actuator by nmeans of an electrically controlled
servo-valve. A particular field of application of the invention is that of
position control of actuators used in aeronautical engines, especially for
10 netering fuel or for adjusting variable setting angle guide vanes or
nozzle flaps in gas turbine engines. For these applications, the
"freezing" ofitlé bethoriviehtionof a controlled elenent is requested in the
event of electrical failure at the servo-valve control, to provide safety
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servo-valve control to provide safety operation and so that the position

15 occupied before the failure can be found again when it has been possible
to rectify the failure.

Servo-valves with what is termed position memory in the event
of a failure (or "fail freeze" servo-valves) are well known. In particular, it
will be possible to refer to document FR 2 818 331. In this document, the

20  servo-valve comprises a distributor which, in the event of an electrical
control failure, comes into a position in which distributor use holes
connected to actuator control chambers are closed. A drift from the
actuator’'s “frozen” position is difficult to avoid, due to leaks of the
hydraulic fluid contained in the control chambers.

25
Object and summary of the invention

The aim of the invention is to propose an actuator device
controlled by an electrically controlled servo-valve, in which the position of
the actuator can be frozen in the event of an electrical failure without

30  substantial risk of drift.

This aim is achieved due to a device comprising:

- an electrically controlled servo-valve comprising a hydraulic
distributor having at least one high pressure supply hole, at least one low
pressure outlet and at least two use holes, each use hole being

35 connectable to high pressure or low pressure, depending on the controlled
position of a slide in the hydraulic distributor and




pressure outlet and at |east two use holes, each use hole being 35
connectable to high pressure or |ow pressure, depending on the controlled
position of a slide in the hydraulic distributor and 2 - an actuator
conprising a slide carrying at | east tvwp stages and capable of sliding in a
cylinder, the actuator having two control chanbers connected to respective
use holes in the servo-valve distributor and each situated on one side of
a respective stage and an internmedi ate 5 chanber connected to high or |ow
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15 applying in the intermediate chamber so that each stage of the actuator

slide is then subjected to high pressure on one side and to low pressure
on the other side, and

- the sealing between each of the said stages of the actuator
slide and the actuator cylinder is provided by a dynamic seal producing a

20 frictional force between stage and cylinder, depending on the difference

between the pressures exerted on the two sides of the stage.

Advantageously, the actuator intermediate chamber is
connected to high pressure and, in its safety position, the distributor slide
connects the distributor use holes to low pressure.

25 Thus, the frozen position of the actuator slide is not affected by
leaks. Minor leaks of the seals do not change the pressure differential
value which applies to the dynamic seals and thus the frictional force
which “freezes"” the actuator slide position.

The invention is especially applicable to a fuel flow control

30 device in an aeronautical engine, the actuator forming a fuel metering
device with an intermediate chamber connected to a high pressure fuel
source and having an outlet hole, of which the cross section of flow is a
function of the actuator slide position.

In such an application, the dynamic seals also offer the

35 advantage of preventing leaks of the flow of metered fuel.



The invention is especially applicable to a fuel flow control 30 device in
an aeronautical engine, the actuator formng a fuel nmetering device with
an internedi ate chanber connected to a high pressure fuel source and

havi ng an outlet hole, of which the crads section of flowis a function of
the actuator slide position. In such an application, the dynam c seals al so
offer the 35 advantage of preventing | eaks of the flow of netered fuel. 3
Brief description of the drawings The invention will be understood better
when t he defriof gliesoiptian ofethabddagngon a gui ding but non-limting basis, is
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motor 12, aconfigurations of a hydraulic distributor of the servo-valve in figure 1 for
various different operation points in figure 3.

15
Detailed description of embodiments
An embodiment of the invention will be described with
reference to figures 1 to 3 and 4A-4F in the context of application to
metering (flow control) of fuel for an aeronautical engine fuel injection
20  system.

Figure 1 schematically shows a servo-valve device 10
controlling an actuator 50 forming a fuel metering unit.
The servo-valve 10 is electrically controlled and comprises an
electric motor element, for example an electric torque motor 12, a
25 hydraulic distributor 20 and associated hydro-mechanical elements
(hydraulic potentiometer and mechanical negative follow-up) which form
the pilot control element 14 of the distributor 20.
The hydraulic distributor 20, a particular embodiment of which
is described below, comprises a slide which can move with linear
30 translational motion in a cylinder. The distributor 20 comprises holes
connected to a double high pressure (HP) supply and to an outlet (or low
pressure (LP) tank return), use outlets U1, U2 connected to the metering
unit 50 and pilot control inlets P1, P2 opening into pilot control chambers
situated at the ends of the distributor 20. The pilot control inlets P1, P2
35 are connected to the pilot control element 14, the pressures applied by
the latter to the inlets P1, P2 acting in opposition to each other in order to



25 hydraulic distributor 20 and associ ated hydro-nechani cal el enents
(hydraulic potentioneter and nechanical negative foll owup) which form the
pilot control elenment 14 of the distributor 20. The hydraulic distributor
20, a particul ar enbodi nent of which is described bel ow, conprises a slide
whi ch can nove with linear 30 translational notion in a cylinder. The

di stributor 20 conprises holes connected to a double high pressure (HP)
supply and to an outlet (or low pressure (LP) tank return), use outlets
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hydraulic distributor slide comes into a position in which the same
pressure, in the present case low pressure, is available at use outlets Ul
and U2. Each stage 54, 56 of the metering unit 50 is then subjected, on
one side to low pressure and, on the other side, to high pressure.
20 Sealing between the stages 54, 56 and the cylinder 60 is
carried out by means of dynamic seals producing a frictional force
between stage and cylinder, depending on the difference between the
pressures exerted on the two sides of each one of the stages. Thus, in the
event of failure of servo-valve electrical excitation, this difference in
25 pressure is at the maximum (difference between HP and LP), so the
frictional force is also at the maximum. The position of the slide 52 at the
time of the failure can therefore be preserved without the risk of
substantial drift, so that the fuel flow rate is frozen at its value at the
moment of the failure.
30 Figures 2A and 2B show in a more detailed manner an
embodiment of such a dynamic seal 70. In a manner known per se, the
latter comprises an O-ring 72 housed in a groove 74 formed in the internal
wall of the cylinder 60 and a ring 76 housed at least partly in the groove
74, supported on the O-ring 72. The O-ring 72 is made of an elastomer,
35 for example Viton®. Figure 2A shows the seal 70 when the pressures
applied on the two sides of the seal are equal or hardly different. Under



20 Sealing between the stages 54, 56 and the cylinder 60 is carried out by
means of dynam c seals producing a frictional force between stage and
cylinder, depending on the difference between the pressures exerted on the
two sides of each one of the stages. Thgis, in the event of failure of
servo-val ve el ectrical excitation, this difference in 25 pressure is at the
maxi mum (di fference between HP and LP), so the frictional force is also at
t he maxi num The position of the slide 52 at the tine of the failure can
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shown i o5figure 3. The operation points A, B, C, D, E and F correspond to the

following respectively: the maximum flow rate (A), the stationary rate (B),
the limits of a minimum flow rate range (C-D) and the limits (A-B) of the
position “freeze” ("fail freeze") range, when the intensity of the excitation
current becomes too low or nil.

20 Figures 4A to 4F show the positions of the hydraulic distributor
slide 22 with respect to the cylinder 40 of this same distributor 20 for the
various different operation points A to F, respectively, which positions are
controlled by the pilot control element 14 under the action of the electric
motor element 12.

25 In position A, the slide 22 is at a first end of its stroke in the
cylinder 40, the positive difference between the pressures applying in the
pilot control chambers 31, 32 at the ends of the cylinder being at the
maximum. The pilot control chambers 31, 32 are defined by the ends of
the cylinder 40 and of the respective stages 23, 24 carried by the slide 22.

30 The use outlet U2 (which here comprises two separate bores formed in
the wall of the cylinder 40) communicates with low pressure LP via a LP
chamber 33 which is situated between the stage 23 and a stage 25 and in
which the outlet opens. The use outlet Ul communicates with high
pressure HP via the pilot control chamber 31.



15 The operation points A, B, C, D, E and F correspond to the follow ng
respectively: the maximumflow rate (A), the stationary rate (B), the
limts of a mnimumflow rate range (C-D) and the limts (A-B) of the
position "freeze" ("fail freeze") rangg when the intensity of the
excitation current becones too low or nil. 20 Figures 4A to 4F show the
positions of the hydraulic distributor slide 22 with respect to the
cylinder 40 of this same distributor 20 for the various different
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of the hydraulic distributor 20 comes into a safety position in which, in the
present case, the use outlets Ul and U2 are both at low pressure to
provide the “freezing” of the position of the metering unit 50.
The invention is, of course, applicable to hydraulic actuators

20 other than fuel metering units for aeronautical engines, as the actuator
position can be "frozen" by application, in two control chambers of the
actuator, of a pressure (LP or HP) opposed to that applying in an
intermediate chamber with sealing by dynamic seals between the
intermediate chamber and each of the control chambers.

25

30

35



O course, the operation profile in figure 3 and the internal arrangenent
of the servo-valve distributor described above are given sinply by way of
exanpl es, other forns being possible provided that, in 15 the event of
failure of electrical excitation of the7servo-valve 10, the slide of the
hydraulic distributor 20 cones into a safety position in which, in the
present case, the use outlets Ul and U2 are both at | ow pressure to

provi de the "freezing" of the position of the nmetering unit 50. The

i nvention is, of course, applicable twANyEraulic actuators 20 other than
fuel metering units for aeronautical engines, as the actuator position can
be "frozen" by application, in tw control chanbers of the actuator, of a
pressure (LP or HP)lowmhﬁﬁdrpoﬁﬁbatoabpl¢GWQetnﬁmm§ﬁgnternediate chanber
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side of a respective stage and an intermediate chamber (66) connected to
15  high or low pressure and situated between the other sides of the stages,

- the hydraulic distributor slide (22) being taken, in the event of
electrical control failure, to a safety position in which it causes the
immobilization of the actuator slide substantially in its position at the
moment of the failure,

20 characterized in that:

- in the safety position of the hydraulic distributor slide (22),
the actuator control chambers (62, 64) are taken, via their connection
with the distributor use holes (U1, U2), to the same low or high pressure
opposed to that applying in the intermediate chamber (66) so that each

25 actuator slide stage (54, 56) is then subjected to high pressure on one
side and to low pressure on the other side, and

- sealing between each of the said stages (54, 56) of the
actuator slide and the actuator cylinder (60) is carried out by a dynamic
seal (70) producing a frictional force between stage and cyiinder,

30 depending on the difference between the pressures exerted on the two
sides of the stage.

2. Device according to claim 1, characterized in that the
actuator intermediate chamber (66) is connected to high pressure (HP)
and, in its safety position, the distributor (20) slide connects the

35  distributor use holes (U1, U2) to low pressure (LP).




el ectrical control failure, to a safety position in which it causes the

i mobi lization of the actuator slide substantially in its position at the
nonent of the failure, 20 characterized in that: - in the safety position
of the hydraulic distributor slide (22)§ the actuator control chanbers
(62, 64) are taken, via their connection wth the distributor use holes
(U1, U2), to the sane | ow or high pressure opposed to that applying in the
i nternedi ate chanber (66) so that each 25 actuator slide stage (54, 56) is

then subjected to thhFBélesﬁéWe c@ﬂt@nedesacde namént Oaér@ne@m@msw ien the
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act uat or5i noérwhidhathe cheasbeect{od6)of i flow oisnecfuagtion ofi ghe mckgator slideP)  and,
inits safe% Qgﬁltlon the distributor (20) sllde connects the 35

di stributor "use holes (U1, U2) to l'ow pressure ( 8 . 3. Fuel flow
control device in aft A@f@iﬁ}lﬁtcﬁbﬁng@ﬁgqun%@ﬁrﬁrqmt@ devisesaGPEAing 8t r ol

devi ce accon@ing dfims!@tgisl or 2, in which the actuator (50) forms a fuel
metering unit, the internedi ate chanber (66) being connected to a high
pressure fuel source and having an outlet hole, 5 of which the cross
section of flowis a function of the actuator slide position. 4.
Aeronautical engine conprising a control device according to any of clains
1to 3.



