1 5 A FUEL-INJECTION DEVICE IN A TURBOVACHI NE The invention relates to a
fuel injection device for a turbomachine, such as an aeropl ane
turboreactor or turbopropeller. 10 CGenerally-speaking, this device
conprises at |east one high-pressure punp driven by the turbine of the

t urbomachi ne and whose inlet is connected to a fuel tank, with its outl et
havi ng pil oted neans of flow rate control4 conprising a netering valve,
and which are thensel ves connected, via a pressurization and cut-off

nmeans, sonetines referred to as a stop-valve, to fuel injectors |ocated 15
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fuel pressure at the outlet of the metering valve and on the other hand to a

20 command pressure for the purpose of closing the injectors’ feed pipe as long as

the fuel pressure remains below a predetermined threshold.

During the normal operating of the turbomachine, the fuel-pressure
difference between the outlet and the inlet of the pump is at an adequate value
for the purpose of commanding the accessory equipment, notably comprising

25 the variable pitch vanes (such equipment being referred to hereinafter as
‘variable geometry equipment’).

When a combustion incident occurs entailing engine stoppage, the
engine is expected to start again whilst in the air, by way of the sole engine
shaft rotation driven by the air current inside the turbomachine

30 The restarting speed of the turbomachine under such conditions is much
lower than the in-flight rotation speed or during normal restarting carried out on
the ground by means of a start-up device. The high-pressure pump of the fuel
injection device is driven at this low rotation speed and is unable to supply fuel
with sufficient pressure in order to open the pressurization and cut-off means

35 and to command the variable geometry equipment.

Various means have been proposed in the state of the art in order to
solve this problem.

In the applicant’s previous application, EP-A-1231368, a pressurization
and cut-off means was proposed with two levels of pressurization depending on



35 and to conmand the variabl e geonetry equi pnent. Various neans have been
proposed in the state of the art in order to solve this problem In the
applicant's previous application, EP-A-1231368, a pressurization and
cut-of f nmeans was proposed with two | evels of pressurization depending on 2
5 the rotation speed of the turbomachine, the |ow | evel corresponding to
the idl e engine speed and to the engine operating with a reduced fuel flow
rate, the high |level being able to guarantee operating with a high fuel
flowrate. Such pressurization neans is conmanded by the nmetering val ve of
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pressuri zation tmféwamraposmh fogtimjertionrdaies th exodminachingecémpgsing at

threshol d jeast one pump connecting a fuel tank to the flow rate control means supplying
20  fuel injectors through the intermediary of a pressurization and cut-off valve,
such valve comprising a piston that can be moved inside a cylindrical body
between an open position and a closed position for injector supply, such piston
being sensitive to the pressurization of the fuel for closing the injector supply as
long as such pressurization is lower than a predetermined threshold, the
25 pressurization and cut-off valve comprising means for applying a counter-
pressure on the piston, as from the idle speed of the turbomachine, thereby
aiming to increase the fuel pressure above a second predetermined
pressurization threshold, such second threshold exceeding the first threshold
and a minimal value for controlling equipment with variable geometry of the

30  turbomachine.

Hence, according to the invention, the means which enable to impose a
second fuel pressurization threshold are incorporated into the pressurization
and cut-off valve and not into the flow rate control means.

The second pressurization threshold enables, as from the engine’s idle

35 speed, fo satisfactorily command the variable geometry equipment, such as, for
example, the variable pitch vanes.

The first pressurization threshold allows the engine to start up easily on
the ground and to start the engine again when in flight under the sole effect of
the engine shaft rotation driven by the air current inside the turbomachine.



and a mnimal value for controlling equi pnment with variable geonetry of the
30 turbonmachi ne. Hence, according to the invention, the neans which enable
to inpose a second fuel pressurization threshold are incorporated into the
pressurization and cut-off valve and not into the flow rate control neans.
The second pressurization threshold enables, as fromthe engine's idle 35
speed, to satisfactorily conmmand the varigble geonetry equi pnent, such as,
for exanple, the variable pitch vanes. The first pressurization threshold
allows the engine to start up easily on the ground and to start the engine
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20  groove of the internal cylindrical surface of the valve body, such groove having
an axial dimension or a dimension along the movement axis of the piston which
exceeds the diameter of the aforementioned cylindrical passage and being
adapted to communicate with an annular groove of the piston in which are
formed radial orifices which open inside the piston.

25 Such configuration enables to considerably increase the transition speed
between the first and second pressurization threshold and thus to very quickly
have, at idle engine speed, adequate fuel pressure for commanding the variable
geometry equipment of the turbomachine.

The invention will be better understood and its other characteristics,

30 details and advantages will appear clearer upon reading the following
description, drawn up, as an example, by referring to the drawings attached
hereto, in which:

Figure 1 schematically represents a fuel-injection device according to the
invention;

35 Figure 2 is a graph showing the variations of a fuel pressure differential
in accordance with the injected flow rate;

Figure 3 is a schematic axial sectional view of the pressurization and cut-
off valve of the device according to the invention.



adapted to communicate with an annul ar groove of the piston in which are
formed radial orifices which open inside the piston. 25 Such configuration
enabl es to considerably increase the transition speed between the first
and second pressurization threshold and thus to very quickly have, at idle
engi ne speed, adequate fuel pressure for conmmanding the variable geonetry
equi prent of the turbomachine. The inventdon will be better understood and
its other characteristics, 30 details and advantages w || appear clearer
upon reading the follow ng description, drawn up, as an exanple, by
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Such threshold is determined in order to enable the turbomachine to

20  start-up again when the engine shaft is only driven into rotation by the air
circulating inside the turbomachine.

Such pressurization threshold, which is relatively low (for example,
approximately 19 bars), makes start-up of the turbomachine easier when on the
ground by means of a start-up device, for example using compressed air.

25 According to the invention, the pressurization and cut-off valve 20 is
designed to define a second pressurization threshold, higher than the first
threshold, and which must be reached or exceeded as soon as a start-up or a
restarting phase of the turbomachine is completed, such second pressurization
threshold having an approximate value of, for example, 30 bars and being

30  sufficiently high to make adequate fuel pressurization, i.e. the PH-PB pressure
difference between the outlet and the inlet of pump 10, for easily commanding a
group 24 of auxiliary variable geometry equipment, notably comprising variable
pitch vanes.

The diagram in Figure 2 represents the PH-PB pressure difference

35 variation in accordance with the fuel output supplied to the injectors 18, the
curve | representing such variation when the pressurization and cut-off valve
only define one pressurization threshold, and the curve 1l representing such
variation in the case of a valve 20 according to the invention, which defines two
pressurization thresholds as indicated above.



punp 10. Such threshold is determned in order to enable the turbomachi ne
to 20 start-up again when the engine shaft is only driven into rotation by
the air circulating inside the turbonmachine. Such pressurization
threshold, which is relatively low (for exanple, approximtely 19 bars),
makes start-up of the turbonmachi ne easier when on the ground by neans of a
start-up device, for exanple using conpreSsed air. 25 According to the

i nvention, the pressurization and cut-off valve 20 is designed to define a
second pressurization threshold, higher than the first threshold, and
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the vari abl &SR OOPYeliPgheRN a lower position, represented in Figure 3, closing
the injectors’ 18 feed pipe 22, and an upper position into which such feed pipe

20  is opened.

The lower position of the piston 32 is defined by a seat 34 mounted
securely inside the open lower end of the body 30.

The piston 32 is permanently biased to its lower position against the seat
34 by a spring 36 mounted around the piston and bearing on its ends on an

25  external edge 38 of the upper part of the piston 32 and on a seat 40 securely
mounted on the upper tip of the body 30.

The seat 40 carries a central sensor 42, for example of the
electromagnetic type, detecting the axial position of a shaft 44 linked to the
piston 32.

30 In the embodiment shown, the piston 32 is of a tubular cylindrical shape
having a closed lower end and an open upper end, the shaft 44 extending
inside the piston 32 and being pushed against the bottom of the piston by a bias
spring 46 which bears at its lower end on the edge 48 of the lower end of the
shaft 44 and which bears on its upper end on the seat 40 securely mounted on

35  the upper end of the body 30, the spring 46 being used like the spring 36 to bias
the piston 32 to its lower position against the seat 34.

The first pressurization threshold is defined by applying fuel pressure at
the inlet of the pump 10 inside the body 30, such pressure being applied by at

least one orifice 50 formed in the part of the body 30 which is found above the



Referring to Figure 3, the features of the pressurization and cut-off valve
20 which enables to define these two fuel pressurization thresholds, wll
be now disclosed. 15 Such valve, which is shown in a vertical position in
Figures 1 and 3, essentially conprises a cylindrical body 30 whose open

| ower end is connected to the outlet of the flow rate control neans 16,
and a piston 32 sealingly guided inside 6he body 30 between a | ower
position, represented in Figure 3, closing the injectors' 18 feed pipe 22,
and an upper position into which such feed pipe 20 is opened. The | ower
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the internal cylindrical surface of the body 30 at the level of the passage 54, and

20 a hole 58 having a very slight diameter, which is formed in the thickness of the
material separating the passage 54 from the annular groove 56 and which
makes them communicate with each other.

The cylindrical wall of the piston 32 comprises at least one, and
preferably several, radial orifices 60, located in a same {ransversal plane and

25  spaced out around the axis of the piston, which are formed in an annular groove
of the external peripheral surface of the piston and which are adapted to be
brought to the fevel of the annular groove 56 of the body 30 when the piston is
moved upwards by the fuel pressure P applied to the lower end of the body 30,

As seen in Figure 3, when the piston 32 is in its lower injector 18 feed

30 pipe 22 closure position, the annular groove of the piston 32, in which the radial
orifices 60 are formed, is at a small axial distance from the annular groove 56 of
the internal surface of the body 30.

Such axial distance defines the length of the first pressurization
threshold.

35 The level of the second pressurization threshold is defined by the
diameter of the hole 58 and the injected fuel flow rate value, for which the
transition is produced between the two pressurization thresholds, is determined
by the axial position of the hole 58 in the body 30.



position of the latter, in order to push it downwards. The second
pressurization threshold is defined by applying fuel pressure PH at the
outlet of the punp 10 on the piston 32, by neans of an orifice 52 forned
in the body 30 at a level lower than that of the orifice 50, in order that
10 such orifice 52 may be sealed off by the piston 32 when the latter is in
its lower position, and open again when The piston 32 is noved upwards by
the fuel pressure P at the outlet of the flowrate control nmeans 16, the
fuel pressure PH thus acting on the piston 32 in order to push it

downwar ds, such presgiledtibn Seibs 4SURIAL ARG Rl HRESINIOaHH ShicdhbrIR, bhe
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body 30 and se length is lower than the thickness of the body 30 at
this point, ﬁ annul ar groove 56, which is forned in the internal
cylindrical surface of the body 30 at the | evel of the passage 54, and 20 a
hol e 58,having a very slight dianmeter, which is formed in the thickness of
the material separating the passage 54 fromthe annul ar groove 56 and
whi ch makes them communi cate with each other. The cylindrical wall of the
pi ston 32 conprises at |east one, and preferably several, radial orifices
60, located in a sanme transversal plane and 25 spaced out around the axis
of the piston, which are fornmed in an annul ar groove of the external
peri pheral surface of the piston and which are adapted to be brought to
the | evel of the annular groove 56 of the body 30 when the piston is noved
upwards by the fuel pressure P applied to the | ower end of the body 30. As
seen in Figure 3, when the piston 32 is inits lower injector 18 feed 30
pi pe 22 cl osure position, the annul ar groove of the piston 32, in which the
radial orifices 60 are fornmed, is at a small axial distance fromthe
annul ar groove 56 of the internal surface of the body 30. Such axial
di stance defines the length of the first pressurization threshold. 35 The
| evel of the second pressurization threshold is defined by the



di aneter of the hole 58 and the injected fuel flow rate value, for which
the transition is produced between the two pressurization thresholds, is
determ ned by the axial position of the hole 58 in the body 30. 7 5 The
i nvention enables to define two fuel pressurization thresholds, one for
start-up and restarting, the other as fromthe engine's idle speed upon
maki ng a sinple and | ow cost nodificati on8of the pressurization and cut-off
valve. 10 8 5 CLAIMS 1. A fuel injection device in a turbomachi ne,
conprising at |east one punp connecting a fuel tank to flow rate control
means supgplying fuel injectors 10 thregygimae internediary of a

pressuri zation and cut-off valve, such valve conprising a piston that can
be noved inside a cylindrical body between a closed position and an open
position for feeding the injectors the piston being sensitive to the
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the first threshold and a minimal value for controlling equipment with variable
geometry of the turbomachine.

20 2. A device according to claim 1, wherein the means for applying
counter-pressure comprise an orifice formed in the cylindrical body of the valve
and through which passes pressure from the outlet of the pump, this orifice
being sealed off by the piston in its closed injector-feeding position and being
open again by moving the piston as from the idle speed of the turbomachine.

25 3. A device according fo claim 2, wherein the course of the piston
between its closed injector feeding position and the opening of the orifice of the
cylindrical body determines the flow rate of the injected fuel for which is
performed the transition from the first pressurization threshold to the second
threshold.

30 4. A device according to claim 2, wherein the diameter of the admission
orifice of the counter-pressure inside the body determines the value of the
second pressurization threshold.

5. A device according to claim 2, wherein the shape of the means for
applying the counter-pressure on the piston determines the transition speed

35 between the first and the second pressurization threshold.

6. A device according to claim 2, wherein the orifice formed in the
cylindrical body comprises a hole of a determined diameter, which opens into
an annular groove of the internal cylindrical surface of the body.



cylindrical body determnes the flowrate of the injected fuel for which is
performed the transition fromthe first pressurization threshold to the
second threshold. 30 4. A device according to claim2, wherein the

di aneter of the admi ssion orifice of the counter-pressure inside the body
determ nes the value of the second pressurization threshold. 5. A device
according to claim2, wherein the shape o8 the neans for applying the
counter-pressure on the piston deternmnes the transition speed 35 between
the first and the second pressurization threshold. 6. A device according to
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devi ce accordi ng 9.0 &l durbclmachine, such as an aeroplane turboreactor or
15 turbopropeller, comprising a fuel-injection device according to claim 1.



