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This invention relates to6 means for actuating a varia-
ble nozzle and more particularly to means for actuating
a variable nozzle of the type used on reaction propulsion
units of aircraft. ’

Such- nozzles generally consist of an anrular series
of longitudinally extending flaps hingedly mounted at
their one ends to supporting structure io define a duct
of generally circular cross=section which terminates at
the other ends of the fiaps in a discharge orifice of vari-
able area.  The flaps are moved about their pivots to
vary the ared of the discharge orifice and, since the flaps
are hinged to curved standing structure, the clearance
between the longitudinal edges of the flaps will vary so

2 .
nozzle having actuating means according t6 ‘a. third em-
bodiment of the invention,

Figure 5 is a detail perspective view -of a pair of
cranked arms shown in the first and second embodiments
of the invention,

Figure 6 is a detail plan view of a second form of a

" pair of cranked levers for use in the invention,
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that sealing’ means- are provided to prevent the escape .

of propulsive gases between the longitudinal edges of ad-
jacent flaps during operation. ‘

Vdrious actuating means have been proposed, but most
of them are complicated and are liable: to faulty opera-
tion as a Tesult of the relatively large deflections of the
nozzle flaps which occur and the differential expansions
which take ‘place between the various parts due to the
heat of the propulsive gases of the reaction propulsion
unit,

An object of the present invention is to provide simple
actuating means which' is applicable to both convergent
and divergent nozzlés ‘and‘is capable of absorbing the
deflections and differential- expansions of the various
parts of the engine and cowling without faulty operation.

A further object of the invention is the provision of

actuating means which have relatively - small operative
parts attached o the nozzle flaps so that the operative
parts may be positioned in restricted spaces which would
not accommodate conventional actuating gear,

A further object of the invention is the provision of
actuating means which may be attached to the flaps neat
the ends thereof remote from the hinges so that the actu-
ating force required to move: the flaps and the bending
moments generated in the flaps are reduced as compared
with conventional constructions, and in which the actu-
ating forees do not impose additional loads on the nozzle
fiap hinges and the jet pipe since the actuating means
provides its own reactions for the actuating forces.

The invention will be described by way of example
with reference to the dccompanying drawings in which
like reference mumerals ‘are used throughout the several
views to indicate like parts and in which:

Figure 1 is a longitudinal section through a convergent-
divergent nozzle applied to the rear end of a reaction

propulsion unit, both the convergent and divergent noz- -

zles being actuated by means according to the invention.

Figure 2.is an enlarged, scrap perspective view of the -

convergent-divergent nozzle shown in" Figure 1,

Figure 3 is a. perspective view, partly broken away,
showing a convergent-divergént nozzle with the divergent
nozzle having actuating means according to a second
embodiment of the invention,

Figure 4 is a perspective view, partly broken’ away,
of a variable convergent-divergent nozzle, the divergent
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Figure 7 is a detail view showing an alternative means
of operation applicable to the embodiment of the in-
vention shown in Figure 4, :

Figure 8 is an enlarged detail section.of the screw
means employed in the embodiment of the invention
shown in Figures 1 and 2, and

Figure 9 is an enlarged detail section of the form of
universal joint used in the embediment of the invention
shown in Figure 3. .

Referring now to Figures 1 and 2, the convergent-
divergent nozzle is shown mounted at the ends of juner
and. outer pipes 16 and 11 réspectively, the convergent
nozzle being mounted on the inner pipe 16 and pro-
viding a duct i2 convergent to a discharge - orifice ‘13.
The divergent nozzle is ‘mounted on the -outer pipe 11
and provides a duct 14 diverging to a discharge orifice ‘15.

The convergent nozzle comprises a plurality of flaps
16 pivoted at their one ends to the -extremity of the inner
pipe 18. The flaps extend longitudinally from the end:
of the inner pipe 18 and define the duct 12: Sealing.
strips 17 are received between adjacent’ flaps 16 in grooves
18 in adjacent longitudinal edges of the flaps and serve-
to ‘prevent leakage of the propulsive gases between the
longitudinal edges of the flaps as they pivot. :

The divergent nozzle is ‘made up of a plurality of "
flaps 19 which are hinged at their one ends at 20 to the
extremity of the outer pipe 11. - A box section ring 21
supports a profiled ring 23 which in turn carries lugs 24
between which the flaps 19 are pivoted. Each flap-19
is provided with a barrel-shaped hinge member. 25 which
conforms to the external curvature of the profiled ring
23. The flaps of the divergent nozzle provide an ex-
tension of the cowling and their outer surfaces 26 are
smooth and unobstructed to provide a continuation of
the outer pipe 11. The inner surfaces 27 of the di-
vergent flaps define the duct 14." Grooves 28 are pro-
vided along the longitudinal edges of the outer surfaces
of the divergent flaps and grooves 29 are provided along
the longitudinal edges of the- internal . surfaces' of the
flaps. Sealing strips -39 are interposed between each -
adjacent pair of grooves 28 and sealing strips 31- are
interposed ‘between each adjacent pair of grooves 28.
The sealing strips 30 between adjacent longitudinal edges
of the outer surfaces of the flaps ensure that a relatively
smooth aerodynamic outer shape is maintained during
variation of the nozzle opening. The sealing strips 31
between adjacent longitudinal edges of the inner surfaces
of the flaps. ensure- that propulsive gases passing through
the duct 14 will not escape between adjacent lengitudinal
edges of the flaps. .

Each flap of the divergent nozzle is of generally I-sec-
tion having a double web 32 separating double flanges
33 and double flanges 34, the space between the double
flanges 33 providing the grooves 28 and the space be-

- tween- the double flanges 34 providing .the grooves 29.
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The outer surface of each outer flange 33 provides the
outer surface 26 of a -divergent flap and the inner sur- -
face of each inner flange 34 provides the inner surface -
27 of a divergent: flap. - o
Mounted between each pair of adjacent divergent
flaps 18 is a pivotally connected pair of cranked levers
indicated at 35, and mounted between each adjacent pair
of flaps 16 of the convergent nozzle is a pair of pivotally
connected cranked levers indicated generally at 36. The
pairs- of cranked levers 35 and 36 are identical and will
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be described in greater detail with reference to Figure
5. Each pair of levers comprises a first cranked lever
37 and a second cranked lever 38. Each lever consists
of a pair of parallel members, the lever 37 consisting of
the members 39 and the lever 38 consisting of the mem-
bers 40. The members 39 are received between the
members 46 and the levers are pivotally interconnected
by a pivot pin 41. Aligned apertures 42 are provided
in one end of the lever 37 and similar aligned apertures
43 are provided at one end of the lever 38. The other
end of the lever 38 is pivotally secured by lugs 44 to
an outer member 45 and the other end of the lever 37
is' pivotally secured by lugs 46 to the end of an inner
member 47 slidable in the outer member 45.

Returning now to Figure 2, and to the pair of levers
35, a pin 48 upstanding from a boss 49 on one of two
adjacent flaps 19 is received within the apertures 42;
similarly, a pin 50 upstanding from a boss 51 on the
other adjacent flap 19 is received in the aperturcs 43.
Referring to a pair of levers 36, a pin 52 upstanding
from one of an adjacent two flaps 16 is received in the
apertures 42 of the one lever and a pin 53 is received
in the apertures 43 of the other lever, the pin 53 up-
standing from the other of the adjacent two flaps 16.
The pins 52-and 53 are supported from the flaps 16 by
swivel ball joints indicated at 54 and S5 respectively.

It will be noticed that the pins 48 and 50 lie substan-
tially in a plane extending generally transversely of the
longitudinal axis of the duct; similarly, the pins 52 and
53 lie substantially in a plane extending generally trans-
versely of the longitudinal axis of the duct.

Both in the case of the flaps 19 and the flaps 16, the
cranked-levers of the pivotally connected pairs are caused
to pivot relatively to onme another by axial movement
between an inner member 47 and an outer member 45
as indicated in Figure 5. This axial movement is ob-
tained by means of complementary nut and screw mecha-
nisms indicated generally at 56 and illustrated in-greater
detail in Figure 8.

Referring now to Figure 8, the outer member 45 termi-
nates in a flange 57 which is grooved on both sides at
58 and 59 to receive ball bearings 60 and 61. The
flange is embraced with clearance by a housing 62 at
one end of an internally threaded tube 63. The hous-
ing is externally threaded at 64 and receives a cap. 65
which retains a pad 66 in contact with the ball bearings
61. The housing 62 is grooved-at 67 to accommodate
the ball bearings and the pad 66 is grooved at 68 to receive
the ball bearings.

The inner member 47 is provided with a screw thread

- 69 which mates with a screw thread 70 in the interior
of the tube 63. The end of the inner member 47 is
provided with a’stop washer 71 retained in position by
a nut 72 on a reduced threaded portion 73. It will be
apparent that if the threaded tube 63 is rotated and the
inner member 47 is prevented from rotating, the free
ends of the inner and outer members 47 and 45 will
approach or recede from one another depending upon
the direction of rotation of the tube 63. As the ends of
the inner and outer members approach one another, the
ends of the levers 37 and 38 which are not attached to
the inner and outer members will also move toward one
another; while if the ends of the inner and outer members
recede from one another so will the remote ends of the
levers 37, 38 recede from one another. The tube 63
of each screw means is rotated through rods and universal
joints as will now be described. :

Referring again to Figure 2, the tube 63 of each of

" the screw means 56 associated with a pair of cranked
levers 35 is rotated through a rod 74. The rod 74 is pro-
vided with a splined joint 75 to allow the rod to expand
longitudinally to allow for differential expansion of the
parts under the extreme heat encountered in the engine.
One end of the rod 74 is connected by a universal joint
76 to the tube 63 of the screw means 56 and the other
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end of the rod 74 is connected through a universal joint
77 to a shaft 78 supported in a bearing housing 79. The
shaft extends through the bearing housing and is pro-
vided at its other end with a pinion 8¢ which is flanked
by washers 81 of larger diameter than the pinion. Mat-
ing with the pinion is a ring gear 82 which, as shown in
Figure 1, surrounds the inmer pipe 10. The ring gear
is maintained in position by engagement with the plu-
rality of pinions 80 which are arranged around the inner
pipe, one to each pair of flaps, and is prevented from
moving axially by the washers 81 which flank each pinion
80. The ring gear 82 is driven by a motor 83 through
a pinion 84 which is also flanked with washers 85 of
greater diameter than the pinion.

The screw members 56 associated with the pairs of
levers 36 are driven in a similar manner to that described
with reference to pairs of levers 35. Each tube 63 of the
screw means is attached to a rod 86 having a splined
connection 87 to allow the rod to expand axially. The
rod is connected through a universal joint 88 with a shaft
89 which carries a pinion 90 and is supported by bearings
in a housing 91. The pinion 90 is flanked by washers 92
of greater diameter than the pinion and which serve
axially to locate a ring gear 93 supported in the same
manner as the ring gear 82. The ring gear 93 is driven
by a motor 94 to a shaft on which is secured a pinion
93 having flanking washers 96.

The operation of the embodiment of the invention

" shown in Figures ! and 2 is as follows: considering first
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the divergent nozzle, rotation of the ring gear 82 by the
motor 83 will rotate simultaneously all the shafts 74
which will drive all the screw means 56 associated with
the pairs of cranked levers 35 pivotally attached to each
adjacent two flaps 19. Upon the screw members being
driven, the ends of the inner and outer members which
are attached to the ends of the levers of each pair will
approach or recede from one another so that the other
ends of the levers, which are pivotally attached to an
adjacent two flaps, will be caused to move towards one
another or to move apart. If the longitudinal edges of
the flaps are caused to move together then the nozzle
will close, whereas if the longitudinal edges of the flaps
are caused to move apart, the nozzle will open. :

Considering now the convergent nozzle, if it is desired
to alter the setting of this nozzle, the ring gear 93 is

driven from the motor 94 by the pinion 95 so that all

the pinions 90 are rotated simultaneously. Upon rota-
tion of the pinions 99, the shafts 86 revolve and there-
fore operate the screw gears 56 associated with the pairs
of levers 36. Operation of the screw gears causes the
ends of the inner and outer members associated with
each pair 36 to approach one another or to recede from
one another with consequent movement of the other ends
of the cranked levers which are pivotally attached
through- ball joints to the flaps of the nozzle. If the
points at which the levers are attached to the nozzle are
caused to move away from one another then the longi-
tudinal edges of the flaps will move away from one an-
other and -the nozzle will open. Conversely, if the points
at which the levers are attached to the flaps are caused
to move together then the longitudinal edges of the flaps
will approach each other and the nozzle will close.
Referring now to Figure 3, there is shown a second
embodiment of the invention in which only the divergent
nozzle is shown as being actuated by means according
to the invention. No means is shown for actuating the
flaps of the convergent nozzle and any convenient means;
or the means shown in Figures 1 and 2, may be used.
In the second embodiment of the invention, instead of
using screw means, rigid rods are used to actuate the
eranked levers. The construction of the divergent flaps
is précisely the same as in Figures 1 and 2 and will not
therefore be further described. Also, the construction of
thie pairs of cranked levers 35 is identical to-that de-
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8cribed: with: referenice to Figurs 5 and will riot. thérefors
Be further described. : )

-One: end of one of. the cranked levers of each pair is
pivotally secured to-an inneér rod 97 and the: correspond-
ing end of the other lever is ‘pivotally secured. to an outer
hollow rod- 98. ‘Each pair of. concentric rods 97, 98,
which forms a set, extends longitudinally. upstream
through two universal joiats, indicated: generally at- 99,
to-a pair of unison rings- 100, 101. The outer rod 98
of each: set is secured to the-unison ring' 100, while the
inner rod 97 passes:through the unison ring 196 and is
secured. to- the unison ring 161, The unison rings are
aligned. by means of channel-shaped shoes 102 carried
by each unison ring, the shoes sliding in channel-shaped
tracks: 103 secured: to- the' inner pipe 10. - Hydraulic or
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pneumatic. actuators: 104 are interposed between the -

unison rings; the cylinder of each actuator. being attached
to- the unison ring 101 and the piston rod 105 being at-
tached. to the unison ring 100.. Each actuator is supplied
with-operating fluid through pipes'165a; - '

It will be apparent that, as the unison rings are moved
relatively to one another,. the: inner rod 97 .of each set
will move within its hoHow outer rod 98 and will pivot
the levers of the pairs: of levers 35 relatively to one an-
other. In order to accommodate the deflections which
occur as the nozzle opens and. closes the universal joints
99 are constructed in a manner shown in Figure 9; .

Referring now to Figure 9, the end of the. outer: rod
98 is pivotally mounted by lugs 106 between the mem-
bers 40 of the lever 38 and the end of the inner rod 97
is: pivotally mounted by a pivot pin 107 in a boss 108
which. is- received between the members 39 of the lever
37;.the.levers 37, 38 are pivotally interconnected by a
pivot pin 41, The other end- of the outer rod 98 is screw:
threaded and-is received within a collar 199 which: is in-
ternally - screw-threaded and. receives the threaded . end
of a.tubular extension 116 of a socket member indicated
generally at 111. Slidable within the tubular extension
110 is a block 112 into- which is screwed a. collar 113
into which, in turn, is screwed the other end of the inner
rod 97. A part sphérical seating 114 is formed in the
block 112 and on the seating is received the spherical
end: 115 of a short rod 116.." The spherical end 115 is
kept in. contact with the seating 114 by a pad 117, Re-
ceived. in a part spherical seating 118 in the socket mem-
ber 111 is a hollow ball member 119 which is retained
in position in the socket member by a ring 120 having a
part spherical' seat 121 {o mate with the ball member

119. The ball member 119 has a. tubular extension 122

in which is received a. slidable block. 123. The block
has a. part: spherical seating 124 formed in the interior
thereof and on this part spherical seating is received: the
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125 of the composife rod 116; 126-ir the pait spherical
sedtings in'the blocks 112, 123,
. The operation of the embodiment shown in Figure 3
is similar to the operation of the: embodiment described
with reference to Figures 1 and 2. If the unison: rings
100, 101 are spread apart by the actiators 104, the ends
of the inner and outer rods: remote’ from the unison rings
approach one -dnother so that the longitudinal edges. of
the' flaps are brought towards one another by the pivot-
ing of the cranked levers;. the nozzle closes. If, on the
other hand, the unison-rings 160, 101 are moved towards
one another by the actuators, the ends of thé inner and
outer rods remote from the unison rings will move away
from:one another and the longitudinal edges of the flaps
will -be moved apart by the pivoting of the levers con-
nected to the flaps so that the nozzle will open.

The unison rings 100, 161 are free to slide axially
in.their guides 163 and will therefore slide: without chang
ing their distance apart to: take up and axial expansion of
the nozzle and will also move, if required, as the nozzle
deflects. The relative positions of the cranked levers of.
each: pair are deterimined: solely by the distaince between
the unison rings 160 and and 191 and are not affected by
the axial position of. the imison rings relatively. to the
inner pipe if the distance between ‘thé- rings Temains
constant, :

Referring now to Figure 4, there is shown a third
embodiment of the invention which is very. similar to the
embodiment. shown: in' Figure 3 except that instead of
rigid inner and outer rods being: used: flexible cableg are
used. -The: arrangenient. of the flaps’ of the divergent
nozzle are the same as the arrangement shown and de-
scribed with reference to Figures 1 and 2 and- will not be
further described, Similarly, the pairs of cranked levers
35 are identical and, referring to Figure 4, are edch oper-
ated by a flexible cable consisting of an outer- cable’ 131
and-an inner cable 132. The inner cable is attached at
one end to a pin 133 which is received between the: ends
of the members 40 of the lever-38; and one end of the
outer cable abuts against the pin 134 received between
the members 39 of the lever 37, The fiexible cables -
are operated by a pair. of unison rings 135, 136 which
are mounted on the inner pipe 16 by shoes 137, which
run in channel-shaped guides 138. Interposed between
the unison rings 135, 136 are hydraulic or pneumatic
actuators 139 which are supplied with hydraulic or pneu-
matic operating fluid through pipes 140, 141. The cylin-

- der of each actuator is connected to the unison ring

50

spherical end 125 of a short rod 126, The spherical end

125 is kept in position. on. the- spherical seating 124 by

a pad. 127 which in turn is kept in position in the block’
123 by a screw-threaded collar 128. - Received in. the

bore of the collar 128 is. an
97 and secured to the tubular

extension of the inner rod
extension. 122 by the screw-

threaded collar. 129 is an extension. of ‘the external rod

98. The short rods 116, 126 are threadably intercon-
nected at 130 for assembly purposes;

~ The purpose of the universal joints shown in Figure o'
is to enable the inner and outer rods to accommodate
themselves to the deflection. of the nozzle flaps.as the
nozzle opens and closes. Since it is also essential that
the relative axial Positions of the inner and cuter mem-
bers do not change except
100, 181, it is necessary to use the type of joint shown
which allows- the inner and cuter members to absorb
the. imposed deflections without changing their. relative
axial positions.

socket. joint constituted by. the ball 119 and socket mem-

ber: 111, and that the deflection: of the: inner rod 97 is.
accommodated by movement of the spherical ends 115;; 75

as controlled by unison rings

It will be apparent that the deflection.
of.the outer rods 98. is-accommodated by the ball and
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135 and the piston rod 142 of each actuator is connected
to- the unison ring 136. The outer cables 131 abut
against the unison ring 135 while the inner: cables 132
pass through apertures in- the unison: ring 135 and are se-
cured to the unison ring 136,

It will' be apparent that if the unison rings 135, 136
are-moved relatively to one another then the inner and
outer: cables of each flexible cable will move relatively
to one another and will thus pivot the cranked: levers
of the pairs of levers 35 relatively to one another.  If
the unison rings 135,.136 are moved away from - one
another, then the ends of the. cranked levers attached. to
the. flexible cable will move together and -so' will the
other ends of the cranked: lever. attached' to-the flaps:
The- nozzle will therefore- ciose” since the * longitudinal
edges of adjacent flaps will be moved towards one an-
other. If, howevér, the unison rings 135, 136, move
towards one another, then: the ends of the cables -con-
nected to the cranked levers will move away from one
another so that the ends of the cranked levers attached.
to the flaps will also move--away from one another and
the nozzle will open. The opening: of ' the nozzle "will
be assisted by the fluid pressure in-the duct 14-constituted
by the divergent nozzle, : .

Referring now to Figure 6, there is shown an alternative
type-of: cranked. lever which-may be used-in place of: those:
described: in relation- to Figure. 5. .The arrangement.
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shown in Figure 6 is shown as being used for flexible
cables but it may also be used with either of the other
types of actuation described with reference to Figures
1 and 2 and with reference to Figure 3. The cranked
levers shown in Figure 6 each comprise three arms, two
arms generally in line and the third arm at right angles
thereto. One of the levers.is indicated generally at 143
and the other lever is indicated generally at 144, The
lever 143 consists of an arm 145 more or less in line
with a second arm 146. A third arm 147 projects from
the arms 145, 146 so that the arms make more or less
a T-shaped configuration. - The lever 144 comprises an
arm 148, a second arm 149 generally in line with the arm
144 and a third arm 150 generally at right angles to the
arms 148, 149. The arms 147, 150 are pivotally at-
tached by pins 151, 152 to adjacent flaps 153 of a nozzle
and the arms 145, 149 are attached to inner cables 154,
155 whereas the arms 146, 148 are attached to. outer
cables 156, 157. The levers 143, 146 are pivotally in-
terconnected by a pivot pin 158.

“~ Tt will be apparent that if the inner and outer cables
of each flexible cable are moved relatively to one another
so that the arms 146, 149 approach one another and the
arms -145, 148 approach. one another, the pivot pins
151, 152 will also approach one another and the longi-
tudinal edges of the flaps 153 will be moved towards one
another so that the nozzle will close. Conversely, if the
inner and outer members of the cables are moved in the
opposite direction, the longitudinal edges of the flaps 153
will be moved away from one another and the nozzles will
open, assisted by fluid pressure within the nozzle.

The advantage of the type of cranked arm shown in
Figure 6 over the type shown in Figure 5 is that torsional
stresses on the levers are eliminated. On the other hand
two cables are needed to pivot each pair of levers.

Referring now to. Figure 7 there is shown a unison
ring assembly applicable to the embodiment of the in-
vention described with reference to Fig. 4. In Figure 7
are shown three unison rings 159, 160, and 161. The
outer cables 162 of some of the composite flexible
cables terminate at the unison ring 159 and the inner
cables associated with the outer cables 162 pass through
the unison ring 159 and are secured to the unison ring
160; these inner cables are indicated at 163. The outer
cables 164 of the other composite flexible cables indicated
terminate at the unison ring 160 and the inner cables
165 associated with said outer members 164, pass through
the unison ring 160 and are secured to the unison ring
161. Hydraulic or pneumatic actuators indicated at 166
extend between the unison rings 159 and 161 and may
be operated to move the unison rings together or move
them apart. Each of the unison rings is provided with
a shoe 167 which runs in- a channel-shaped guide 168
in the inner pipe. The method of operation of the em-
bodiment shown in Figure 7 is the same as in the em-
bodiment shown in Figure 4. The advantage of the
construction shown in Figure 7 is that it enables lighter
actuators having a longer stroke to be used in place of
the actuators used in the embodiment shown in Figure 4.

It will be seen that the invention provides means
for actuating a variable nozzle in which the radial, axial
or angular deflections of the nozzle flaps relatively to the
fixed pipes is absorbed. by universally jointed rods or
cables.

- A further advantage is that the cranked arms which
are mounted on the nozzle flaps may be placed in re-
stricted spaces where it would be impracticable to place
conventional types of operating gear such as screw jacks
and unison rings. A yet further advantage of the in-
vention is that the cranked levers may be placed on the
rear or downstream ends of the flaps whereby the beam
stresses and bending moments in the flaps are reduced.
Moreover, since the cranked levers are towards the down-
stream end of the flaps the actuating force required to
close the nozzle is lower than that which would be re-
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quired further upstream which would be where conven-
tional actuating means would be situated if it were used.

It will be understood that the form of the invention
herewith shown and described is a preferred example and
various modifications can be carried out without depart-
ing from the spirit of the invention or the scope of the
appended claims.

What I claim as my invention is:

1. Means for actuating a variable nozzle having an an-
nular series of longitudinally extending flaps hingedly
mounted at their one ends to supporting structure to de-
fine a duct of generally circular cross-section terminating
at the other ends of the flaps in a discharge orifice of
variable area, said means comprising a plurality of pairs
of levers spaced apart around the exterior of the duct,
each pair consisting of a first lever and a second lever
pivotally interconnected only to each other, each pair
being associated with an adjacent two flaps distinct from
the flaps associated with other pairs, pivotal mountings
interposed between the first levers and flaps of the series,
further pivotal mountings interposed between the second
levers and other flaps of the series, said pivotal mount-
ings constituting the sole means supporting said levers on
said flaps, the pivotal mounting of the first lever of each
pair being on one of the flaps associated with the pair
and the pivotal mounting of the second lever of the pair
being on the other of the flaps associated with the pair,
the pivotal mountings of the levers of each pair lying in 2
plane extending generally transversely of the longitudinal
axis of the duct, and’ operating means to pivot the
first and second levers of all the pairs relatively to one
another in synchronism to vary the circumferential
spacing of the pivotal mountings to pivot the flaps and
hence to vary the area of the discharge orifice.

2. Means for actuating a variable nozzle having an
annular series of longitudinally extending flaps hingedly
mounted at their one ends to supporting structure to de-
fine a duct of generally circular- cross-section terminat-
ing at the other ends of the flaps in a discharge orifice
of variable area, said means comprising a plurality of
pairs of cranked levers spaced apart around the exterior
of the duct, each pair consisting of a first lever and a
second lever pivotally interconnected intermediate their
ends only to each other, each pair being associated with
an adjacent two flaps distinct from the flaps associated
with other pairs, pivotal mountings interposed between
the one ends of the first levers and flaps of the series,
further pivotal mountings interposed between the one
ends of the second levers and other flaps of the series,
said pivotal mountings constituting the sole means sup-
porting said levers on said flaps, the pivotal mounting
of the first lever of each pair being on one of the flaps
associated with the pair and the pivotal mounting of the
second lever of the pair being on the other of the flaps
associated with the pair, the pivotal mountings of the
levers of each pair lying in a plane extending generally
transversely of the longitudinal axis of the duct, and
means connected to the other ends of the levers to pivot
the first and second levers of all the pairs relatively to one
another in synchronism to vary the circumferential
spacing of the pivotal mountings to pivot the flaps and
hence to vary the area of the discharge orifice. i

3. Means for actuating a variable nozzle having an
annular series of longitudinally extending flaps hingedly
mounted at their one ends to supporting structure to de-
fine a duct of gemerally circular cross-section terminat-
ing at the other ends of the flaps in a discharge orifice of
variable area, said means comprising a plurality of pairs
of levers spaced apart around the exterior of the duct,
each pair consisting of a first lever and a second lever
pivotally interconnected only to each other, each pair
being associated with an adjacent two flaps distinct from
the flaps associated with other pairs, each lever having
three arms radiating from the pivotal interconnection, two

of ‘the arms being in line and the third arm being at’
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tight angles to the first two arms, pivofal mountings in:
terposed. between' the third arms of the first’ levers: and
flaps of the series, further rivotal mountings: interposed
between the third arms of the second levers and other
flaps of the series, said pivotal mountings constituting
the 'sole means supporting said levers and' said flaps, the
pivotal. mounting of the first lever of each: pair being on
one of the flaps associated with the pair and the pivotal
mounting of the. second lever of the pair being on ‘the
other of the flaps associated with the pair, the pivotal
mountings of the levers of each pair lying in a plane ex-
tending: generally transversely of the longitudinal axis of
the duct, and operating means connected to the first and
second arms of the levers of each pair to pivot the: first
and second levers of all the pairs relatively to one another
in synchronism to vary the circumferential spacing of
the: pivotal mountings to pivot the segments and hence
to vary the area of discharge. orifice.

4. Means for actuating a variable nozzle having: an
annular series of nozzle flaps hingedly mounted at their
one ends to supporting structure to define a duct of: gen-
erally circular cross-section terminating at the other ends
of the flaps:in a- discharge orifice of variable area, said
means. comprising a plurality of pairs of levers spaced
apart around the exterior of the duct, each pair consist-
ing ofa first lever and a second lever pivotally intercon-
nected only to each other, each pair being associated
with an adjacent two flaps distinct from the flaps associated
with: other pairs, pivotal mountings interposed: between
the first levers and flaps of. the series, further pivotal
mountings “interposed - between. the -second levers and
other flaps. of the ‘series, said pivotal mountings constitut=
ing the. sole means suporting said levers on. said. flaps;
the: pivotal mounting of the first lever of each pair being
on one of the flaps associated with the pair and the pivotal
mounting’ of the second lever.of the pair being on the
other of the flaps associated with the pair, the pivotal
mountings of the levers of each pair lying in a plane: ex-
tending generally transversely of the longitudinal axis. of
the duct, a plurality of longitudinally extending hollow
outer members, inner. members extending through the
outer members and being movable relatively thereto; an
inner member and its associated outer member constituts

ing a set, a first unison member to which one énds of

the inner members are secured; a second unison. member
to ‘which one ends of the outer members are secured, and
means to move the unison members relatively to one
another, the other ends of the inner and outer members
being secured to the levers, the inner member of: each
set being secured to the first lever of a pair-and the outer
member of the set being secured to the second lever: of
‘the pair, movement of ‘the first and second unison mem=
bers relatively to one another varying the area of the dis-
charge orifice by pivoting the first. and second levers: of
the pairs relatively to one another thus pivoting the flaps:

5. Means for actuating a variable nozzle having an
annular series of longitudinally extending flaps pivotally.
mounted at their-one ends to supporting structure to de-
fine a duct of generally circular cross-section terminat-
ing at' the other ends of the flaps in a discharge orifice of
variable area, said means comprising a plurality of pairs
of levers:spaced apart around the exterior of the: duct,

each pair consisting of a first lever and a second lever:

pivotally interconnected only to each other, each pair
“being associated with an adjacent two flaps distinet from
the flaps associated  with other’ pairs; pivotal mountings
interposed between the-first. levers and flaps of the series,

further pivotal mountings interposed between the second -

levers and other-flaps-of the series; said pivotal mounting
coustituting” the- sole means supporting- said levers on
said flaps; the pivotal mounting-of the first levér of each
pair being on one of the.flaps associated with the pair and
the pivotal mounting of the second lever of the pair be-
ing-on thelother of the flaps associated: with the:pair; the
pivotal mountings of the- levers of each: pair lying in a
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plane exteirding: generally. transversely of: the longitudina
axis of the duct, a plurality. of flexible longitudinally- ex-
tending - hollow outer members; flexible inner members
extending through the outer members and being mavable
relatively thereto, an inner member and its associated
outer member constituting a set, a. first unison: member
to-which: the inner members are secured at their one ends;
azsecond unison member to which the outer members are

-secured at.their one ends, and means to move the unison

members: relatively to one another, the other ends of the
inner and outer members. being secured: to the levers; the
inner member: of each set being secured to the first. lever
of a pair and the outer member of the set being secured
to the second lever of ‘the pair, movement of the first
and second unison members relatively to one another vary-
ing the-area of the discharge orifice by pivoting the first
and second levers of  the pairs relatively to one another
thus. pivoting the flaps.

6. Means for actuating a variable nozzle having an
anmular series of longitudinally extending flaps hingedly
mounted at. their one ends to supporting structure . to
define a duct of generally circular cross-section: terminat-
ing at the other ends: of the fiaps in a discharge orifice
of variable area, said means comprising a plurality of
pairs. of levers spaced apart around the exterior of the
duct,. each pair consisting of a first lever and a second
lever pivotally interconnected only to each other, each
pair being associated with an adjacent two flaps distinct
from the flaps associated. with the other pairs, pivotal
mountings interposed between the first levers and flaps
of the series, further pivotal mountings interposed between
the second .levers and other flaps. of the series, said piv-
otal mountings constituting the sole means supperting
said levers on. said flaps, the pivotal mounting of the first
lever of each pair being on one of the fiaps associated
with the pair and the pivotal mounting of the second
lever of the pair being on the other of the flaps asso:
ciated with. the pair,.the pivotal mcuntings of the levers
of each pair.lying in a plane éxtending generally trans-
versely of the longitudinal axis of the duct, a plurality
of longitudinally extending hollow cuter members, inner
meimbers extending through the outer members and being
movable: relatively thereto, an innér member: and . its
associated outer member constituting a set, screw means
associated. with each set for moving the inner and outer
members relatively to one ancther, the inner member
of each set being secured. to the first lever of a pair and
the outer member of the set being secured to the second
lever of the: pair,. and means to. operate all said screw
means in unison:to vary the area of the discharge orifice
by moving the inner members of all the sets relatively to

. the- outer’ ‘members thus pivoting the first and second
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_the flaps.

levers. of the pairs: relatively to-one another and

pivoting

7. Means for actuating a variable nozzle having an
annular- series’ of longitudinally extending flaps hingedly’
mounted. at. their one ends to supporting structure to
define a duct of generally circular cross-secticn terminat-
ing at the other ends of the flaps in a discharge orifice
of: variable area; said means comprising a plurality of.
pairsof levers: spaced apart arcund the exterior of the
duct, each pair consisting of a first lever and a second
lever: pivoially interconnected, each pair being associated:
with' an adjacent two flaps distinct. from the flaps asso-
ciated” with other pairs, "pivotal mountings interposed -
between the first levers-and flaps of the series, further
pivotal mountings interposed between the second levers
and other flaps of the series, the pivotal mounting of the
first. lever of each' pair being on-one of the flaps asso-
ciated with the pair and the -pivotal ‘mounting of: the
second: lever ‘of the pair being on ths-other of the flaps
associated with:the pair, the pivotal mountings of the:
levers of each: pair ‘lying in a plane extending: generaily
transversely of the longitudinal axis: of the duct; ‘a plu:

-rality: of. flexible longitudinally extending hollow: outes;
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members, flexible inner members extending through the
outer members and being movable relatively thereto, an
inner member and its associated outer member constitut-
ing a set, a first unison member to which some of the
inner members are secured at their one ends, a second
unison member to which the. outer members associated
with said inner members are secured at their one ends
and to which the inner members, other than those secured
to the first unison member, are also secured at their
one ends, a third unison member to which the outer
members associated with the inner members secured to
the second unison member are secured at their one ends,
means to move the unison members relatively to one
another, the other ends of the inner and outer members
being secured to the levers, the inner member of each
set being secured to the first lever of a pair and the
outer member of the set being secured to the second
lever of the pair, movement of the unison members
relatively to one another varying the area of the dis-
charge orifice by pivoting the first and second levers of
the pairs relatively to one another thus pivoting the flaps.

8. Means for actuating a variable nozzle having an
annular series of longitudinally extending flaps hingedly
mounted at their one ends to supporting structure to
define a duct of generally circular cross-section converg-
ing to terminate at the other ends of the flaps in a dis-
charge orifice of variable area, said means comprising
a plurality of pairs of levers spaced apart around the
exterior of the duct, each pair consisting of a first lever
and a second lever pivotally interconnected only to each
other, each pair being associated with an adjacent two
flaps distinct from the flaps associated with the other
pairs, pivotal mountings interposed between the first
levers and flaps of the series, further pivotal mountings
interposed between the second levers and other flaps of
the series, said pivotal mountings constituting the sole
means supporting said levers on said flaps, the pivotal
mounting of the first lever of each pair being on one
of the flaps associated with the pair and the pivotal mount-
ing of the second lever of the pair being on the other
of the flaps associated with the pair, the pivotal mount-
ings of the levers of each pair lying in a plane extending
generally transversely of the longitudinal axis of the
duct, a plurality of longitudinally extending outer mem-
bers, inner members extending through the outer members
and being movable relatively thereto, an inner member
and an associated outer member constituting a set, com-
plementary screw and nut means associated with each
set for moving the inner and outer members relatively
to one another, the screw means being secured to the
inner member and the nut means being secured to the
outer member, a shaft extending from each of said
nut means to a pinion, a ring gear in engagement with
all said pinions and means to rotate said ring gear to
operate all said screw and nut means in unison thereby
to vary the area of the discharge orifice by moving the
inner members of all the sets relatively to the outer
members thus pivoting the first and second levers of the
pairs relatively to one another and pivoting the flaps.

9. Means for actuating a variable nozzle having an
annular series of longitudinally extending flaps hingedly
mounted at their one ends to supporting structure to de-
fine a duct of generally circular cross-section diverging
to terminate at the other ends of the flaps in a discharge
orifice of variable area, said means comprising a plurality
of pairs of levers. spaced apart around the exterior of
the duct, each pair consisting of a first lever and a second
lever pivotally interconnected only to each other, each
pair being associated with an adjacent two flaps distinct
from the flaps associated with the other pairs, pivotal
mountings interposed between the first levers and the
flaps of the series, further pivotal mountings interposed
between the second levers and other flaps of the series,
said pivotal mountings constituting the sole means sup-
porting said levers on said flaps, the pivotal mounting of
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the first lever of each pair being on cne of the flaps as-
sociated with the pair and the pivotal mounting of the
second lever of the pair being on the other of the flaps
associated with the pair, the pivotal mountings of the
levers of each pair lying in a plane extending generally
transversely of the longitudinal axis of the duct, a plural-
ity of longitudinally extending hollow members; inmer
members extending through the outer members and be-
ing movable relatively thereto, an inner member and its
associated outer member constituting a set, complemen-
tary nut and screw means associated with the members
of each set, the inner members of the set being secured to
the screw and the outer member of the set being secured
to the nut, a shaft extending longitudinally from each
nut, a pinion on the end of each shaft remote from said
nut, a ring gear engaging all said pinions, and means to
drive the ring gear to operate all said screw means
in unison whereby the area of the discharge orifice is
varied by moving the inner members of all the sets
relatively to the outer members thus pivoting the first
and second levers of the pairs relatively to one another
and pivoting the flaps. ‘

10. Means for actuating a variable nozzle having an
annular series of nozzle flaps hingedly mounted at their
one ends to supporting structure to define a duct diverging
to terminate at the other ends of the flaps in a discharge
orifice of variable area, said means comprising a plurality
of pairs of levers spaced apart around the exterior of
the duct, each pair consisting of a first lever and a
second lever pivotally interconnected, each pair being as-
sociated with an adjacent two flaps distinct from the
flaps associated with the other pairs, pivotal mountings
interposed between the first levers and flaps of the series,
further pivotal mountings interposed between the sec-
ond levers and other flaps of the series, said pivotal
mountings constituting the sole means supporting said
levers on said flaps, the pivotal mounting of the first
lever of each pair being on one of the flaps associated
with the pair and the pivotal mounting of the second
lever of the pair being on the other of the flaps as-
sociated with the pair, the pivotal mounting of the levers
of each pair lying in a plane extending generally trans-
versely of the longitudinal axis of the duct, a plurality
of rigid longitudinally extending hollow outer members,
rigid inner members extending through the outer mem-
bers and being movable longitudinally relatively thereto,
universal joints, adapted to transmit both tension and
compression, in the inner and outer members and con-
necting the adjacent ends thereof, a first unison member
to which one end of each of the inner members is
secured through a universal joint, a second unison mem-
ber to which cne end of each outer member is secured
through .a universal joint, the other ends of the inner
and outer members being secured to the levers: through
universal joints, the inner member of each set being
secured to the first lever of a pair and the outer member
of the set being secured to the second lever of the pair,
and means to move the unison members relative to one
another, movement of the first and second unison mem-
bers relatively to one ancther varying the area of the
discharge orifice by pivoting the first and second levers
of the pairs relatively to one another thus pivoting the
flaps.
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