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4- Claims:
v 1 . . - .

This: invention: relateés to° iraprovements M
variable jet-nozzles for jét- propulsion units and
has for its object to provide imiproved means for
effecting control of the arear of & variable jet,
to-ensure that the thriist is reduced to a-midimunm
when the throttle-valve- of the unit is closed: ‘to
the idling position: The inveéntion mady be ap-
plied to- control systems in which the area of the
nozzle is adjusted by means of & hydiaulic ram
controlled by a relay or servo=rnotor arrangement;
o to- 4 systemi in- which! the-area-of the nozzle is
adjistéd by a8 slectric hotor:

Aceordine to this irivéntion; there is provided
a4 control meémber Wwhieh, when operated; over-
ridés any otlier' cont¥él and eauses the movable
pa#ts of @ varidable jef fiozzle to beiset to the posi~
tion: 6f maximum riozFle-dred. Preferably the
said’ contiol miember is- constituted: by or’ iFter-
confected with- the throttle~lever of tHe power

unit and is afranged to be operative whef: the

thrgttle-levér is moved t6 a-predeterinined: low-
power setting. )

The inventicii fay be applied: to- a- power~
operated: varighle: jet-houdzle; and accordifig’ to
another fegtirs; the: said control member is’ ar-
rangéd to operate by cutting off: the power-supply
to the dormally: controlling: means and to- supply

diveéctly or indi¥ecily power to- adjiist- the jet-

nozzle: to: its rraximiuim aréa.

When  the: inveiition- is- applied: to a»hydraulié‘
cally operated - nezzle: of the kind- abovesmen-

tioned, there is provided in' combination' there=

with. & two~position- valve which-in one- position
supplies fluid under pressure to tHe hydraulic

system, afid-in' the' othér position- shuts' off sueh

subply snd: gelivers' fluid under pressure’ to- the

hydraulic ram to-move it-in- the direction to-open

the nozzle. ]
According to another feature of the invention,

the two-position -valve-is- operated-by an electric

solenoid- controlled by a-switeh which is' con-

stituted by, or operated by, the throttle-lever of
the: power unit- and-is-arranged to be’ closed to
energise:the solenoid- when the throttle-levet is
moved: {o: 8- predetermined- closed” positioh:
Two-embodinients of the present invention- will
now: be: deseribed;- by way of- example, with- ref—
ererice-to- the- accompanying drawings of’ which
Figure 1 shows in- disgrammatic’ form  one' cohx
trol means ini- decordance with ' the present -in='
ventior:for varying the-area-of-a jet nozzle; and"
Figure: 2'shows- atiether’ control means according

to the’ invention. Figures-3-5-show the control’
means: of Figliré: 2-operative' to-decredse the ares’
of the' jet, incredse: the:-drea of the jet, and it

neutral position:respectively:-
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Referrmg to Figure 1 the variable jét nozzle
{80 is pr eferably constructed as descrlbed in the
specification to’Patent No: 2, 523,842 and ig oper-
ated by motor means, which in this émbodiment;
is as deseribed in said specification” and is & hHy=
draulic ram { which is controlled manusily orau=
tomatically in any convenierit manner as for ex«
ample in themanner set forth in the speclﬁcatlbn
to Patenu No 2, 514 248 or Patent No 2 575’8’79

but is generally indicated by the* 1eferen
meral 2 in the accompanying drawmg The eons
trol teang 2’ is provideéd to regulatn the passage
of pressure ﬂuld from' the punip 3 t0 the hydrdu=
lic ram by way of the pipés 4 or 5 and dls¢ to
regulate the escape of fluid from' thé ram’ t6-a
reservoir & by mieans of pipe T. )

The eontrol provided by the présént invention
is effected by means of a two-~position valve which
is generally indicated by the referenide Hurnéral
8. This valve conveniently takes the forin’ of a
piston-valve arranged in the hydraulic system
between the delivery pipe 9 from’ the punmp Fand
the' control means 2 to which the valve 8 is con~
neCued by means of p1pes lﬂ and I I The' valve 8’
one end by a gpring (8 and carries dt its othier
end a stop 14§ to engage theé cylinder barrel the'
arrangement bemg that the sprxng 13 urgés the
piston (2 so that the stop (4 engages the barrel
in’ which position the piston valve is i its 1n0p-
erative position. This position is shown i the
dgccompanying' drawing and it will' be éleéar that
thete is then provided a connection fromi the
hydrauhc pump § to pipe 18 and thends to” fhe
control & so that all normial control nioVeriients’
of the nozzle' can be effected by the cortisl:
means' 2.

The bairel of the valve 8 is provided with a
port 1% which is normially closed by the pistori-
12 dnd communicatés by pibes 16, 4 With tHé right’
hand end of the hydraulic ram I, this bemg the
end to- which' préssure’ i§ applied to oVe the
ram to increase thé area of the riozzle. The other
end of the  hydraulic’ ram is conriédted by p1pe
5 to the control means 2° but an addltlonal pipe”
connection {7 is made fromi this end of the vaive
8; and the port- opemng 18 for this pipe connec-
tion is closed in the inoperative position of ths”
piston=valve.

The piston 12 ig connected to the armature 19
of an electric solenoid 20" s¢ &5 to be moved By it
from its:inoperative position toits operative posi-
tion-when the solenoid is energised’ and’ the sole=
noid-is-controlled by a switeh 2 which'is rovftitéd’
on the throttle-lever 22 of the‘ power wnit atid’
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is arranged so ag to be closed when said lever
is moved to a position in which the fuel supply to
the unit is reduced to a minimum so that the
unit is in its idling condition, Current for the
operation of the solenoid 20 is obtained from a
battery 23 although it is to be understood that
some other convenient source may be provided.
As is clear from the drawing, the switch 21 is
constituted by a contact carried on the throttle
lever 22 co-operating with a fixed contact.

In the operation of this device the valve means
8 is retained in its normal or inoperative posi-
tion as shown in the manner described above for
all positions of the throttle-lever 22 other than
its closed position and the pressure fluid from the
pump 8 is supplied to the control means 2 which
automatically regulates the nozzle area. When,

however, the throttle lever is moved to the idling.

position, switch 2[ is closed and solenocid 2§
energised so that the piston 12 of valve 8 is
moved towards the right. As a consequence the
piston 12 stops the supply of pressure fiuid to
pipe [0 and simultaneously ports 15 and 8 are
cpened. As a result the supply of hydraulic fluid
to the control means 2 is cut off and a supply
directed along pipes {6 and & to the right hand
end of the hydraulic ram | so that the latter
adjusts the variable nozzle to increase the area
thereof. The consequent movement of the ram
displaces pressure fluid from the other end of
the cylinder which is delivered through pipes §
and 17 to valve 8 and thence by pipe 11 to the
reservoir 8 so that there is no possibility of the
ram being located by the setting which the control
means 2 may happen to occupy at the time the
throttle 22 is moved to the idling position.

A master switch 24 is provided in the circuit
of the solenoid 28 so that the valve 8 may be ren-
dered inoperative in any particular circumstances.

In another embodiment of this invention, shown
in Figure 2, the motor means for effecting vari-
ation in area of the jet-nozzle is a reversible
electric motor 10f. This motor 181 may be con-
trolled by a control switch or switches 102 which
may be controlled manually or automatically ac-
cording to predetermined operating conditions of
the power-unit. There may be provided in the
supply lines 107, 109 from the battery 183 to
the normal controlling switch or switches 102, a
two-position switch 108 which in one position
(to the left in the figure) gives a supply to the
normal controlling switch or switches 182, and in
its other position (to the right in the figure)
gives a supply direct to the electric motor 181 to
adjust the area of the jet nozzle towards its
maximum value. Switch 188 is set manually or
by common means well known in the art to the

position of Fig. 3 for operation of the nozzle.

members by control switch 162, This switch 168
is operated in any convenient manner by the
closure of the throttle controlled switch 21’, Fig-
ure 3 of the drawings shows the connection when
the switch 21’ is not closed but the normal con-
trol switch 402 is set to decrease the area of
the jet. Figure 4 illustrates a similar arrange-
ment when the control switch 102 is set to in-
crease the area of the jet. Iigure b illustrates
the connections of Figure 2 when the switch 21’
is closed so that the control switch 102 is dis-
connected by the battery 103, but so that the
electric motor {0f operates to increase the jet
area. As before a master switch 24’ may be pro-
vided in the circuit of the throftle-controlled
switch to render it inoperative if desired in any
particular circumstances.
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I claim:

1. Control means for a jet-propulsion unit hav-
ing a variable jet comprising hydraulically-oper-
ating servo-motor means to vary the opening of
the jet nozzle between a maximum opening posi-
tion and a minimum opening position; hydrau-
lically-operating normal control means arranged
to control said servo-motor means; a manual
power control lever operable between a maximum
power position and a minimum power position;
a two-position hydraulic control valve such that
in a first position hydraulic fluid is passed to said
normal control means, and in the second position
hydraulic fluid by-passes said normal control
means to operate said servo-motor means to move
the jet nozzle to its maximum opening position;
and solenoid circuit means, including a solenoid,
interconnecting said manual power control lever
and said two-position valve, whereby said valve
is moved by the solenoid to the second position
when the circuit is closed by the control lever
in its fully closed position.

2. Control means for a jet propulsion unit hav-
ing a variable jet nozzle comprising motor means
actuating said nozzle between a maximum open-
ing position and a minimum opening position,
power supply means, a first connection between
said power supply means and said motor means
to supply power for actuating said nozzle, normal
control means for said motor means in said first
connection, first shut-off means in said first con-
nection movable between an inoperative position
and an operative position in- which it shuts off

" said power supply means from said motor means,
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a second connection between said power supply
means and said motor means to supply power for
moving said nozzle to its maximum opening posi-
tion, second shut-off means in said second con-
nection movable between an operative position in
which it shuts off said power supply means from
said motor means and an inoperative position,
a manual power-control lever movable between a
minimum power position and a maximum power
position, first operating means between said man-
ual power-control lever and said first shut-off
means and actuated on movement of said manual
power-control lever to its minimum power posi-
tion to move said first shut-off means to its opera-
tive position, and actuated on movement of said
manual power-control lever from its minimum
power position to move said first shut-off means
to its inoperative position, and second operating
means between said manual power-control lever
and said second shut-off means and actuated on
movement of said manual power~-control lever to
its minimum power position to move said second
shut-off means to its inoperative position, and
actuated on movement of said manual power-
control lever from its minimum power position
to move said second shut-off means to its oper-
ative position.

3. Control means for a jet propulsion unit hav-
ing a variable jet nozzle comprising motor means
actuating said nozzle between a maximum open-
ing position and a minimum opening position,
power supply means, a first connection between
said power supply means and said motor means
to supply power for actuating said nozzle, normal
control means for said motor means in sald first
connection, first shut-off means in said first con-
nection movable between an inoperative position
and an operative position in which it shuts off
sald power supply means from said motor means,
first biasing means biasing said first shut-off
means to ifs inoperative position, a manua]l
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power-control lever movable between a minimum
power position and maximum power position,
first operating means between said manual power-
control lever and said first shut-off means, and
actuated on movement of said manual power-
control lever to its minimum power position to
move said first shut-off means against its bias-
ing means to its operative position, and actuated
on movement of said manual power~-control lever
from its minimum power position to allow said
first shut-off means to move under the action of
its biasing means to its inoperative position, a
second connection between said power supply
means and said motor means to supply power for
moving said nozzle to its maximum opening posi-
tion, second shut-off means in said second con-
nection movable between an operative position in
which it shuts off said power supply means from
said motor means and an inoperative position,
second biasing means biasing second shut-off
means to its operative position, and second op-
erating means between said manual power-con-
trol lever and said second shut-off means and
actuated on movement of said manual power-
control lever to its minimum power position to
move said second shut-off means against its
biasing means to its inoperative position, and
actuated on movement of said manual power-

control lever from its minimum power position to

allow said second shut-off means to move under
the action of its biasing means to its operative
position.

4. Control means for a jet propulsion unit hav-
ing a variable jet nozzle comprising motor means
actuating said nodzle between a maximum open-
ing position and a minimum opening position,
power supply means, a first connection between
said power supply means and said motor means
to supply power for actuating said nozzle, nor-
mal control means for said motor means in said
first connection, first shut-off means in said first
connection movable between an inoperative posi-
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tion and an operative position in which it shuts
off said power supply means from said motor
means, a second connection between said power
supply means and said motor means to supply
power for moving said nozzle to its maximum
opening position, second shut-off means in said
second connection movable between an operative
position in which it shufs off said power supply
means from said motor means and an inoperative
position, said two shut-off means being con-
nected for movement together so that when said
first shut-off means moves to its operative posi-
tion said second shut-off means moves to its in-
operative position and vice versa, biasing means
biasing said two shut-off means the first to its in-
operative position and the second to its operative
position, a manual power-control lever movable
between s minimum power position and a maxi-
mum power position, a solenoid operative when
energized to move said two shut-off means
against the biasing means the first to its operative
position and the second to its inoperative posi-
tion, an electric power supply for the solenoid,
and a control switeh in circuit with said electric
power supply and said solenoid closing of which
energizes said solenoid, said control switch being
operatively associated with said manual power-
control lever to be closed on movement of said
lever to its minimum power position and to be
opened on movement of said lever from its mini-
mum power position,
ADRIAN ALBERT LOMBARD.
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