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This invention relates to waircraft control systems and
more particularly to a control system for an aircraft
having a body structure and an outlet nozzle arranged
to discharge at a multiplicity of positions distributed
around the periphery of the structure.

An example of such an aircraft is disclosed in co-
pending application Serial No. 684,615 (which is a con-
tinuation of patent application Serial No. 502,156, dated
April 18, 1955, now abandoned) dated September 17,
1957, and filed by John Dubbury, John Carver Meadows
Frost and Thomas Desmond Earl. The application de-
scribes a circular aircraft having a body structure of gen-
erally lenticular form which is sheathed by opposed aero-
foil surfaces which provide lift developing surfaces. That
aircraft includes a gas displacement passage in the struc-
ture having an intake and having a substantially annular
outlet adjacent to the periphery of the structure. Means
are provided for impelling gas to flow through the passage
from the intake to the outlet in a plurality of centrifugal
directions relative to the yaw axis of the aircraft and to
eject the gas at high velocity from the outlet generally
radially of the yaw axis and at a multiplicity of positions
distributed around the periphery. Gas directing means
are provided associated with the outlet and adjustable
to selectively alter the directions in which the gas leaves
the outlet. In a preferred form of the aircraft disclosed
in application Serial No. 684,615, the gas directing means
comprises a perimetrical Coanda nozzle which encom-
passes the outlet to alter the direction of flow of the
ejected gas.

It is an object of the present invention to provide, in
an aircraft having an outlet nozzle arranged to discharge
propulsive gas at a multiplicity of positions distributed
around the body structure of the aircraft, a control sys-
tem to reduce the divergence of the aircraft when it
encounters a disturbance resulting in a tilt rate.

The invention will now be described by way of example
with reference to the accompanying drawings, in which
like reference characters indicate similar parts throvghout
the several views and in which:

FIGURE 1 is a side elevation of an aircraft according
to the invention;

FIGURE 2 is a plan of the aircraft of FIGURE 1
with several panels of the upper aerofoil surface removed
to show the locations of the engines.

FIGURE 3 is a partial plan, partly broken away and
partly in section, of the aircraft of FIGURES 1 and 2;

FIGURE 4 is a perspective view of a portion of the
aircraft in partly assembled state and showing the rib
structure of the aircraft;

FIGURE 5 is a perspective view of a portion of the
completed aircraft similar to that shown in FIGURE 4
and is partly broken away to show the internal structure
of the aircraft;

FIGURES 6A and 6B together constitute FIGURE 6
which is a generally longitudinal section of the aircraft
on the line 6—6 of FIGURE 3;

FIGURE 7 is a perspective view, partly in section, of
the rotor shaft and bearing and also shows part of the
aircraft control means;

FIGURE 8 is a detail showing the turbine blades on
the outer periphery of the rotor;

10

15

20

25

30

35

40

45

50

&5

60

65

70

2

FIGURE 9 is a section of the outboard portions of the
aircraft taken on the lines 2—% of FIGURE 3;

FIGURE 10 is a detail showing the means for sup-
porting a baffle on the outboard body structure;

FIGURE 11 shows, in diagrammatic form, the control
system of the aircraft;

FIGURE 12 is a perspective view, partly in section, of
the pilot’s control column which forms part of the control
system of FIGURE ‘11;

FIGURE 13 is a transverse section of the control
column of FIGURE 12 taken on the line 13—13 of
FIGURE 12;

FIGURE 13A is a diagram showing the correlation
between two parts of the control system of FIGURE 11;

FIGURES 14A and 14B together constitute FIGURE
14 which is a generally longitudinal section of an aircraft
forming a second embodiment of the invention;

FIGURE 15 is a transverse section, similar to FIGURE
9, of the outboard portions of the aircraft of FIGURE

14;

FIGURE 16 shows in diagrammatic form the control
system of the aircraft of FIGURES 14 and 15;

FIGURE 17 shows in diagrammatic form a modified
control! system for the aircraft of FIGURES 1 to 13;

FIGURE 17A is a perspective view, partly in section,
of the rotor shaft and bearing shown in FIGURE 17;

FIGURE 18 is a view similar to FIGURE 17 of a fur-
ther modified control system for the aircraft of FIG-
URES 1 to 13;

FIGURE 18A is a detail plan, on a larger scale, of
linkage shown in FIGURE 18;

FIGURE 19 is a side elevation of an aircraft con-
stituting a further embodiment of the invention;

FIGURE 20 is an underneath plan of the aircraft of
FIGURE 19 partly broken away;

FIGURE 21 is a transverse section, on a larger scale,
on the lines 21—21 of FIGURE 20;

FIGURE 22 shows, in diagrammatic form, the gas
flow from the aircraft of FIGURES 1 to 13 during take-
off;

FIGURE 23 shows, in diagrammatic form, the gas
flow from the aircraft of FIGURES 1 to 13 when the air-
craft is sufficiently high above the ground to be clear of
the “ground cushion” effect;

FIGURE 24 shows, in diagrammatic form, the gas flow
from the aircraft of FIGURES 1 to 13 when the aircraft is
traveling in forward flight;

FIGURE 25 shows, in diagrammatic form, the gas flow
from the aircraft of FIGURES 1 to 13 to produce a “nose-
up” couple on the aircraft;

FIGURE 26 shows, in diagrammatic form, the gas flow
from the aircraft of FIGURES 14 to 16 during take-off;

FIGURE 27 shows, in diagrammatic form, the gas flow
from the aircraft of FIGURES 14 to 16 during forward
flight;

FIGURE 28 is a diagram indicating the phase angle
relationship between the rotor and the primary gas de-
flecting means;

FIGURE 29 is a diagram showing the operation of the
primary gas deflecting means in response to tilt of the
Totor;

FIGURES 30 to 34 are graphs showing the response of
the aircraft of FIGURES 1 to 13 to certain control con-
ditions;

FIGURE 35 is a group of graphs showing the response
of an aircraft having the control system of FIGURES 17
and 17A to a control condition; and

FIGURE 36 is a group of graphs showing the response
of an aircraft having the modified control system shown
in FIGURES 18 and 18A.

Referring now to FIGURES 1, 2 and 3, the aircraft
there shown comprises an inboard body structure 49,
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which is generally lentiform and is sheathed by upper and
lower skins which provide opposed aerofoil surfaces. The
skin providing the upper aerofoil surface is indicated at
41 and the skin providing the lower aerofoil surface is
indicated at 42. The upper and lower aerofoil surfaces
provide lift developing surfaces. Encompassing the in-
board body structure is an outboard body structure 43
generally in the form of a ring or torus. The outboard
body structure 43 is supported in juxtaposed spaced rela-
tion to the periphery of the inboard body structure 49
by a plurality of spokes 44, Mounted within the in-
board body structure is a rotor, indicated generally at 45
in FIGURE 3, which is arranged to rotate about a spin
axis which is normal to the chord plane of the aircraft
when the rotor is in its “neutral” position parallel to the
chord plane of the aircraft. The neutral position of the
rotor is a position relative to the body structure of the air-
craft; for example, the rotor of the aircrafi hereinafter
described, when the aircraft is horizontal, is in iis neutral
position when the rotor is horizontal. Rotation of the
rotor impels gas to flow within the aircraft and the gas is
discharged from nozzles provided between the inboard
and outboard body structures as will hereinafter be de-
scribed.

Throughout the description, and in the claims, certain
terms of positional relationship are used for convenience.
The terms “outboard” (or “cutboardly”) and “inboard”
(or “inboardly”) denote, respectively, greater and lesser
distances from the spin axis of the rotor. The terms
“vertical,” “upwardly” and “downwardly” denote direc-
tions approximately substantially normal to the medial, or
Eho-rd, plane between the upper and lower aerofoil sur-
aces.

* A system of body axes for the aircraft is also used; in
the aircraft shown the yaw axis is the axis of symmeiry
and is coincident with the spin axis of the rotor when the
Jatter is in its neutral position. The longitudinal axis is
the intersection of the plane of symmetry and the chord
plane; the lateral axis intersects the longitudinal and yaw
axes at right angles.

Referring now to FIGURES 1 to 6, but more particu-
larly to FIGURES 4 to 6, the aircraft is built up over a
skeleton consisting of a multiplicity of ribs disposed ra-
dially of the yaw axis; in the embodiment to be described
there are fifty-four ribs which are attached at their in-
board ends to a frusto-conical center post generally in-
dicated at 46. The center post 46 is hollow and has a
frusto-conical outer wall 47; the post is strengthened in-
ternally by radial and horizontal webs 48 and 49. TFur-
ther radial webs 50 of channel section reinforce the cen-
ter post above the horizontal webs 49 but do not extend
to the upper edge of the wall 47.

A rib 51 (see FIGURE 4) has an inboard end 52 which
extends up the wall 47 to be approximately level with the
top of the webs 50; ribs similar to the rib 51 are herein-
after called main ribs. Counting around the aircraft in
a clockwise direction from the rib 51, every third rib is
a main rib; thus, for example, the rib 53 having an in-
board end 54, and the rib 55 having an inboard end 56
are main ribs. Between the ribs 53 and 55 are two
short ribs 57 and 58 having inboard ends 59 and 69 re-
spectively which extend to positions similar tc that in-
dicated at 61 in FIGURE 6B for the inboard end of a
similar short rib in anothér portion of the aircraft. Ex-
cept for the ribs adjacent three of the main ribs, there
are two short ribs between each pair of main ribs.

One of said three main ribs is rib 51 and on either
side of this rib are intermediate ribs 62 and 63 having
jnboard ends 64 and 65 respectively which extend, as
shown in FIGURES 4 and 5, to positions located part
way up the frusto-comical wall 47 and intermediate the
location of the inboard ends of the short ribs and the
location of the inboard ends of the main ribs. The upper
edge of each of the ribs 62, 63 is relieved as shown at
66 in FIGURE 4 for the rib 63. This relief extends along
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the inboard portion of the upper edge of each rib 62, 63
and lowers the inboard portions of the upper edges of
these ribs below the upper edge of the rib §1. Between
each of the intermediate ribs 62, 63 and the next main
ribs on either side of the rib 51 is a short rib similar to
the ribs 57, 58 and the relief 66 on the upper edges of
the intermediate ribs 62, 63 lowers the inboard portions
of said upper edges below the upper edges of the short
ribs adjacent to the intermediate ribs. Extending between
the relieved portions of the upper edges of the interme-
diate ribs and the rib 51 there are generally horizontal
dividing walls 67. Generally vertical gas deflecting walls
68, see FIGURE 4, are arranged on the upper surfaces
of the dividing walls 67 to deflect gas flowing outboardly
above the dividing walls 67 into the radial spaces between
the intermediate ribs 62, 63 and their adjacent short ribs
for a purpose hereinafter to be described. At the out-
board termination of the dividing walls 67, is arranged
a series of three deflecting vanes 69, 7¢ and 71 to deflect
air from beneath the dividing walls 67 in an upward di-
rection. The deflecting vanes extend on either side of
the rib 5% and extend between the ribs 62 and 63. More-
over, the vanes 69 and 78 extend above the upper edges
of the ribs 51, 62 and 63 while the vane 71 terminates
at the upper edges of the ribs 51, 62, and 63, see FIGURE
4. The ribs 62, 63, the dividing walls 67, the lower aero-
foil skin 42 and the vanes 69, 7¢ and 71 define an air
intake for a gas turbine engine as will hereinafter be de-
scribed.

Referring to FIGURE 2, the aircraft has three gas tur-
bine engines 72, 73 and 74 arranged within the inboard
body structure to supply high velocity gas to rotate the
rotor 45.° The engines are arranged generally tangenti-
ally to the periphery of the rotor and are spaced at 120°
intervals about the axis of rotation of the rotor. There
is an air intake similar to that previously described for
each of the engines 72, 73 and 74, The air intake for
the engine 73 is indicated generally at 75 in FIGURE 3,
the air intake for the engine 74 is indicated generally at
76 in FIGURE 3 and the air intake for the engine 72 is
the one shown in FIGURES 4 and 5 and is arranged to
the left of the longitudinal axis of the aircraft as a mirror
image, as it were, of the air intake 76. The air intake 75
for the engine 73 extends on either side of 2 main rib
51q lying on the longitudinal axis of the aircraft. If this
rib is considered to be the first of the fifty-four ribs form-
ing the skeletal structure of the aircraft then, counting
clockwise in FIGURE 3, the air intake 76 extends on
either side of the nineteenth rib 515 and the air intake
for the gas turbine engine 72 extends on either side of
the thirty-seventh rib, i.e. rib 51. Thus the first, the
nineteenth and the thirty-seventh ribs, i.e. the ribs 5ia,
5ib and 51, are the three main ribs referred to above
as those about which the rib structure differs from the
norm of two short ribs between each main rib.

The air intakes 75 and 76 are similar to the air intake
described with reference to FIGURES 4 and 5. The air
intakes 75, 76 are arranged about the main ribs 51a and
531bh and extend between intermediate ribs 62a, 63a and
62b and 63b respectively. The air intake 75 has dividing
walls 67a and deflecting walls 68a similar to the corre-
sponding parts 67 and 68 of the air intake of FIGURES
4 and 5. Similarly the air intake 76 has dividing walls
675 and deflecting walls 68b similar to the corresponding
parts 67 and 68 of the air intake of FIGURES 4 and 5.

The air intakes 785 and 7¢ have deflecting vanes 6%a,
7¢a and 7ia, and 68b, 785 and 71b, respectively, similar
to the vanes 69, 70 and 71 of the air intake of FIGURES
4 and 5. )

The outboard end of each of the fifty-four ribs is
similar and is bifurcated to provide upper and lower
radiused webs 77 and 78 respectively (see FIGURE
6A). It will be seen that at their outboard ends the ribs
increase in depth so that the upper radiused web 77 is
above the level of the remainder of the rib. The upper
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radiused web 77 is provided with a slot 79 in its lower sur-
face and the lower radiused web 78 is provided with a
slot 80 in its upper surface opposed to the slot 7. The
central portion of the rib terminates in an outboard edge
81 extending between the inboard walls of the slots 79
and 89.

The free edges of the ribs, except for their inboard
edges, are furnished with flanges extending normal to
the ribs on both sides thereof. These flanges are pro-
vided by L-section strips riveted to the ribs adjacent to
their edges. Referring to the rib 63 in FIGURE 4 by way
of example, one of these L-section strips is indicated at
82. In addition to being provided with these L.-section
strips round their edges, each 1ib is provided with two
further strips of L-section on each side thereof. Referring
again to the rib 63 in FIGURE 4 by way of example,
each rib has a flange provided by a strip 83 extending
from the lower inboard edge of the slot 79 to the upper
edge of the rib as it sweeps upwardly to provide the
upper radiused web 77. A strip similar to the strip 83
is provided on each side of each rib. The second further
strip 84 is downwardly inclined and extends from the
upper inboard edge of the slot 3@ to the lower edge of
the rib. A strip similar to the strip 84 is provided on
each side of each rib. A circumferential strip 85 of
L-cross section extends around the aircraft and is con-
nected to the uppermost corners of the ribs.

The structure shown in FIGURE 4 is sheathed as
shown in FIGURE 5. The lower aerofoil surface skin
42 is secured to the lower edges of the ribs and is con-
tinued upwardly and inboardly around the lower radiused
webs 78 to terminate at the outboard edges of the slots
80. The upward and inboard extension of the skin 42
forms the lower surface of an outboardly diverging out-
let nozzle indicated generally at 86. In a similar manner
a peripheral portion of the upper aerofoil surface skin
41 is connected to the upper surfaces of the upper ra-
diused webs 77 and is continued downwardly and in-
boardly around the webs 77 to terminate at the outboard
edges of the slots 79. The downward and inboard ex-
tensions of the skin 41 form the upper surface of the
outlet nozzle 86.

The upper edges of the ribs, inboardly of the strip
85, are attached to a sheet metal skin 87. The inboard
edge 88 of this skin 87 extends to be level with the in-
board edges of the main ribs, to be level, for example,
with the inboard edges 52, 54, 56 of the main ribs 51,
53 and 55 mentioned above. The inboard peripheral
portion of the skin 87 is provided with a series of cir-
cumferentially spaced breather holes 89%.

Further sheet metal skins 834 and 84a are secured be-
tween the strips 83 and 84 respectively of each adjacent
pair of ribs (see FIGURE 5) and define part of the gas
displacement passage which terminates in the nozzle 86.

The skin 87 defines a dished space within which are
arranged the three gas turbine engines 72, 73, 74, means
to lead air from the air intakes to the gas turbine en-
gines, and means to conduct the exhaust gases from the
engines to drive the rotor. The dished space is divided
into compartments by a series of bulkheads as shown in
FIGURE 2. There are three substantially chordal main
bulkheads 90, 61 and 92 which define a central, substan-
tially triangular space within which are arranged the
engines, the rotor and the fuel tanks. The space to the
left of bulkhead 91 is sub-divided by bulkheads 93 and
94 between which is arranged the pilot’s cockpit 95.
The space to the right of the main bulkhead 92 is sub-
divided by bulkheads 96 and 97 between which is ar-
ranged the observer’s cockpit 98. The space aft of the
main bulkbead 99 is subdivided by bulkheads %9 and
160. The compartments between the bulkheads not used
for the pilot’s and cbserver’s cockpits may be used for
cargo or parts of the aircraft control system.

Referring to FIGURE 2 the central, generally tri-
angular space is itself subdivided by three straight divid-
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ing walls and three curved dividing walls, There is a
straight dividing wall 101 parallel to the bulkhead 90
and a curved dividing wall 182 extending from the in-
board end of the wall 101 to the bulkhead 92. Similarly
there is a straight dividing wall 183 parallel to the bulk-
head 92, and a curved dividing wall 184 extending from
the inboard end of the wall 163 to the bulkhead 91.
Finally there is a straight dividing wall 185 parallel to the
bulkhead 21 and a curved dividing wall 186 extending
from the inboard end of the dividing wall 105 to the
bulkhead 29.

Each of the engines is mounted in a similar manner
which will be described with reference to FIGURES 5
and 6. Referring now to FIGURES 5 and 6A, each en-
gine is supported at its intake end by a yoke 167 which
embraces the upper part of the engine and which receives
pins 108 secured to the engine frame. The yoke itself
is supported from a U-frame 199 forming part of the
aircraft structure and extending (in FIGURE 5) between
the bulkhesd 91 and the dividing wall 185. For the other
engines, similar U-frames extend between the bulkhead
92 and the wall 103 and between the bulkhead 90 and
the wall 1¢1. The U-frames 189 are of channel section
as is clearly shown in FIGURE 6A, and the yokes 187
are supported in the channels of the U-frames by fittings
116. A firewall 111 divides the engine compartment into
two parts, and the engine projects through the firewall.

Fach engine is supported at its outlet end by means
similar to those shown in FIGURE 6B for the engine 74.
A pyramidal column 112 is secured to the upper surface
of the skin 87 and carries at its upper end a forked lug
113. The engine includes a tailpipe 114 which carries
a single lug 118 received in the forked lug 113. The
forked lug 113 and the Iug 115 have apertures to receive
a pin 1154 which may be inserted from the compartment
which lies to the rear of the bulkhead 86 and to the right of
the bulkhead 99. FEach engine is mounted in a similar
fashion in the positions shown in FIGURE 2. The engines
are supplied with fuel from removable fuel tanks 116
located in the spaces between the dividing walls 101, 102;
193, 104; and 105, 106.

Air is fed to the engines from the air intakes previously
described and two of which are shown at 75 and 76 in
FIGURE 3. Between the intake end of each engine and
the skin 87 on the upper edges of the ribs is an elbow 117,
the lower end of which is connected to a fitting 118 which
in turn is connected to the skin 87. The elbow 117 and the
fitting 118 are provided with mating flanges which are
bolted together; each pair of vanes 69 and 79, as shown
in FIGURE 6A, projects to the top of the fitting 118.

The exhaust gases of the engines are fed into a common
ring manifold and are arranged to drive the rotor. Asso-
ciated with each engine, and connected to the outlet end
thereof, is a curved converging manifold somewhat in the
shape of a tusk (see FIGURES 2 and 4). The manifold
for the engine 72 is indicated at 119, the manifold for the
engine 73 is indicated at 120 and the manifold for the
engine 74 is indicated at 121. The manifolds are con-
nected to the upper edge of a box-section ring member 122
against the lower edge of which abuts the inboard edge 88
of the skin 87. The relative orientation of the narrow end
of one tusk manifold and the wide end of an adjacent
manifold is shown clearly for the manifolds 119 and 121
in FIGURE 4. The manifolds have a downwardly open-
ing circumferential slot 123 through which the propulsive
gases generated by the gas turbine engines are discharged
downwardly adjacent to the inboard surface of the ring
member 122. Spacer rods 124 and 125 are arranged with-~
in the manifclds to preserve their shape. The inboard
peripheries of the manifolds are flanged as indicated at
126 in FIGURE 4 and secured to the underside of this
flange 126 is a further ring member 127. Guide vanes
128 are interposed between the ring members 122 and 127
and serve as inlet guide vanes for the tip turbine of the
rotor hereinafter to be described.
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Supported from the inboard junctions of the dividing
walls 161, 162; 193, 164; and 165, 106, is an inlet guide
ring 129 for the rotor. This guide ring is clearly showa in
FIGURES 5 and 6A and comprises inboard and outboard
curved metal skins 138 and 131 joined and spaced at their
upper ends by a channel member 132. The channel mem-
ber has secured to its ocutboard periphery three lugs 133
spaced at 120° intervals; the lugs are secured between
spaced double Tugs 134 which are in turn secured to the
dividing walls 162, 184, and 186 at the inboard ends there-
of. The lower edge of the outboard skin 131 is flanged
inboardly and is spaced above the flange 126 of the tusk
manifolds while the inboard skin 138 extends downwardly
towards the ring member 127 and is secured to a flange
provided at the lower edge of the outboard skin 131. The
guide ring 128 is spaced from the “tusk” manifolds so that
cooling air may flow over the manifolds and between
the ring member 127 and the lower edges of the skins 139,
131,

"The outer skin 130 of the guide ring is faired into the
upper aerofoil surface skin 41 of the aircraft which is
divided into panels, the joints between the panels being
arranged to lie over the bulkheads, and the panels being
removable for access to the engines and to the compari-
ments between the bulkheads. The guide ring 129 carries
a cellular grating 135 positioned above the rotor 45 while
the panels over the engine compartments are provided with
breather louvres 136 which admit air to cool the engine
compartments.

After the exhaust gases from the gas turbine engines
have passed into the tusk manifolds and downwardly
through the guide vanes 128 they drive a tip turbine that
constitutes part of the rotor, as will hereinafter be de-
scribed, and after passing through the tip turbine the gases
enter exhaust boxes and are discharged into the gas dis-
placement passage; the exhaust boxes are designed to pro-
vide a uniform pressure gradient in the exhaust gases as
they drop in pressure upon entering the gas displacement
passage. Except over the air intakes to the engines, the
arrangement of the exhaust boxes is as follows and will be
described with reference io FIGURE 6B. FEach exhaust
box extends between an adjacent pair of main ribs and has
an inboard guide vane 137, a curved outboard wall 138,
and side walls 139, The guide vane 137 is continued
downwardly by corrugated strips 148 which are arranged
partially to overlap one another. The corrugated strips
are arranged so that gas may pass from between the guide
vane 137 and the wall 138, then between the corrugations
in the strips 14¢ and out of the exhaust box. The out-
board edges of the wall 138 and of the outboard corrugated
strip 140 are slotted to accommodate the inboard edges
61 of the short ribs between each adjacent pair of main
ribs. Each main rib is provided at its inboard edge with
a curved aerofoil section guide vane 141 extending between
the upper end of the frusto-conical wall 47 and the upper
end of an adjacent guide vane 137 on an exhaust box.
The upper end of the curved wall 138 of each exhaust box
abuts against the lower edge of the ring member 122. The
flow of air through the sectors of the gas displacement
passage induces air to flow from the engine compartments
through the holes 89 in the skin 87 and over the curved
walls 138, thereby serving partially to cool the exhaust
boxes.

The arrangement of the exhaust boxes over the air in-
takes of the engines is slightly different and will be de-
scribed with reference to FIGURES 5 and 6A. All the
exhaust boxes are similar to that previously described
with reference to FIGURE 6B but it will be seen by
reference to FIGURES 5 and 6A that the exhaust boxes
over the air intakes discharge between the dividing walls
67 and the metal skin 87. The exhaust gas passing be-
tween the walls 67 and the skin 87 is deflected by the
aas deflecting walls 68 into the sectors of the gas displace-
ment passage lying between the intermediate ribs, such
as 62, 63, and their adjacent short ribs.
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The construction of the rotor and rotor shaft will now
be described with reference to FIGURES 4 to 8. Cen-
trally located in the center post siructure 46 is a base cast-
ing 142 having radial flanges 143, to which the radial webs
48 are secured, and having an upper horizontal flange 144
to which the horizontal webs 49 are secured. Referring
now to FIGURE. 7, the base casting 142 is provided with
an internal flange 145 and telescoped within the base
casting and resting on, and secured to, the flange 145 is a
hollow vertical shaft 146 which extends upwardly beyond
the base casting 142. Surrounding the upper portion of
the vertical shaft 146 is a sleeve 147; a part spherical bear-
ing 148 is interposed between the shaft 146 and the lower
portion of the sieeve 147,

The rotor 45 is rotatably mounted at the upper porticn
of the sleeve 147 by opposed thrust races 149 and rotates
about a spin axis which, when the rotor is in ifs neutral
position, is paraliel to the yaw axis or axis of symmetry,
of the aircraft. The rotor includes an inner ring 150 of
E-section, the arms of the E facing outboardly and the
center arm being bifurcated. Impeller blades 151 are
secured at their roots or inner ends to blocks 152, also of
E-seciion, which face inboardly, the central arms of the
blocks 152 being received between the arms of the bi-
furcated central arm of the member 158. The blades 151
are secured to the blocks I52 by being welded to plates
153 forming part of the blocks 15Z. The rotor also in-
cludes a segmented inner shroud 154, the inboard ends of
which lie against the upper and lower surfaces of the inner
ring i8¢ of the rotor. The members i5%, 152 and the
shroud 154 are connected together by bolts 155, each bolt
having enlarged shouiders extending through the arms of
the E-section members to provide bearing surfaces. The
outboard ends of the impeller blades 151 are secured to
an outer segmental ring member 156, see FIGURE 8, and
secured to the outboard surface of the ring 156 is a plural-
ity of turbine blades 157. Secured to the upper surface
of the ring 456 is an element 158 of a labyrinth seal which
co-operates with an opposed labyrinth element 159 on the
inboard surface of the ring member 127.

Returning now io FIGURE 7, the upper end of the
vertical shaft 146 is closed by a flexible diaphragm 160
and the top of the sleeve 147 is closed by a flexible dia-
phragm 161. A sleeve 162 is held between central por-
tions of the diaphragms 168 and 161; passing through the
sleeve and central apertures in both diaphragms is a hol-
low control shaft 163 which extends downwardly to ad-
jacent to the lower end of the base casting 142. The
sleeve 162 and the central portions of the diaphragms are
clamped between a shoulder 163« on the control shaft and
a flanged ring nut 165 threaded to the upper end of the
confrol shaft 163. Secured to the diaphragm 161 is a
plate 164, to which a- domed intake cone 2644 is secured,
see FIGURE 6.

Secured to the flanged nut 165 is an electric linear
actuator 166. The actuator is provided with a depending
shaft 167 extending within the control shaft 163 and the
lower end of the shaft 167 is provided with a forked end
168. A rod 169 is connected at its upper end to the
forked end 168 by a pin 17¢ and the lower end of the rod
169 is provided with a detachable mushroom head 171.
The lower end 16% of the rod passes through an aperture
in an otherwise solid end piece 172 of the shaft 163.

Spaced at 120° intervals around the circumference of
the lower portion of the control shaft 163 are three bi-
furcated ugs, two of which are shown at 173 and 174,
Pivotally attached to each bifurcated lug is the ram of a
pneumatic bellows actuator fixed to the base casting 142,
Thus the ram 175 of an actuator 176 is attached to the lug
173. Similarly, the ram 177 of a bellows actuator 178 is
attached to the lug 174 and a third bellows actuator 172
is connected by its ram to the third lug on the control
shaft. Each of the actuators contains a bellows similar to
that indicated at 180 for the actuator 176 and is operated
by pneumatic pressure as will hereinafier be described.
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Due to the resilience of the material of which they are
made, the bellows act as springs and the combined effect
of the springiness of the bellows is to tend to hold the con-
trol shaft 163 central within the vertical shaft 146 and
thereby hold the rotor in its neutral position.

The lower end of the control shaft 163 is provided with
an outboardly direcied flange 181 which carries, equally
spaced around its outboard periphery, six bifurcated lugs,
one of which is indicated at 182. Pivotally mounted be-
tween each lug 1832 is a bell-crank lever, two of said levers
being indicated at 183; each lever has an inboard end
which bears on the upper surface of the mushroom head
171 of the control rod 169. It will be seen that vertical
movement of the control rod will pivot the bell-cranks
in their supporting lugs. Pivotally secured to the other
end of each bell crank 183 is a hinged link 184, and the
outboard ends of the links 184 are pivotally attached to
further links 185 intermediate the ends of the links 185.
One end of each of the links 185 is pivotally attached
to a lug 186 carried by a radial web 48 as is best shown
in FIGURES 3 and 7. Pivotally connected to the other
end of each of the links 185 is a T-piece 187 to which the
inboard ends of three cables 188 are attached, the points
of attachment of the cables being equally spaced along the
outboard edge of the T-piece. Where necessary, the
radial nibs 48 are slotted as indicated at 189 to permit
passage of the T-pieces. The outboard ends cf the cables
188 are connected to primary gas deflecting means here-
imafter to be described. It-will be seen that opposed cables
are interconnected by being connected to the control
shaft 163.

Referring to FIGURES 4, 5, 6 and 9, the outboard body
structure will now be described. It will be recalled that
the outboard body structure 43 is supported from the in-
board body structure 40 by means of spokes 44 and that
it is in the form of a ring or torus made up of a plurality
of sections. The outboard body is fabricated in a manner
similar to the manner of fabrication of the inboard body,
i.e. it consists of formers covered with sheet metal. The
formers of the outboard body are of two types, namely
a plurality of outboard formers 19¢ and a plurality of
inboard formers 191. FEach of the ountboard formers 199
is generally triangular with a rounded apex and has a
central aperture 192, The base of each former 190 is cut
away and is provided with flanges 193 (see FIGURE 4)
to which are secured an annular channel member 194 to
the inboard periphery of which the formers 3181 are se-
cured. :

The spokes 44 are secured at their inboard ends to
the outboard ends of each alternate rib of the inboard
body structure. At their outboard ends the spokes are
secured between two formers 121 arranged close together
with a block between them to receive the outboard end
of the spoke. Such a pair of formers is indicated at
195 in FIGURE 4.

The edges of each former 198 are flanged and to these
flanges is secured a sheet metal covering 196 which ex-
tends inboardly to terminate at the edges of the channel
member 194 as is best shown in FIGURES 6 and 9. The
inboard peripheries of the formers 181 are each provided
with a pair of inclined flanges 197, and secured to these
flanges is a sheet metal covering 188 which provides the
inboard periphery of the outboard body structure.

An upper circumferential guide vane 189 is supported
on the spokes 44 which extend between the upper periph-
ery of the outboard body and the inboard body; a lower
circumferential guide vane 280 is supported on the spokes
44 which extend between the lower periphery of the out-
!)oard body and the inboard body. The guide vane 199
is located in an upper peripheral nozzle provided between
the outboard body and the inboard body, and the guide
vane 200 is located in a lower peripheral nozzle provided
between the outboard body and the inboard body. The
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divergent outlet nozzle 86 communicates with both upper
and lower peripheral nozzles.

As is clearly shown in FIGURES 9 and 10, slots are
provided between the inboard ends of the covering 196
of the formers 198 and the outboard ends of the cover-
ing 198 of the formers 191, There is thus provided an
upper peripheral slot 281 and a lower peripheral slot 262
in which are mounted secondary gas deflecting means in
the form of baffles which may be operated to control the
direction in which the propulsive gas leaves the upper and
lower petipheral mozzles. The baffle in the upper slot
304 is indicated at 203 and the baffle in the lower slot
at 204. The baffles are formed of strip metal fashioned
into the shape of frusta of a circular cone and are
mounted in the outboard body by the arrangement shown
in FIGURES 9 and 10. Secured to the base portion of
suitably spaced formers 199 are flanged fittings 205 having
spring anchoring flanges 266 and 287 which are, respec-
tively, generally perpendicular to the baffles 203, 204.
A tension spring 208 extends between the flange 206 and
the baffle 293 and a tension spring 289 extends between
the baffle 2864 and the flange 207. The baffles are mounted
to slide on the outboard body as better shown in FIG-
URE 10 for the baffle 283. The baffle is slotted as indi-
cated at 229 and the slot embraces a sleeve 211 secured
to a flange 212 by means of a nut and bolt assembly 213;
the baffle is guided on the sleeve by spacers 214 and 215.

Referring to FIGURES 3, 4 and 11, the baflles are op-
erated by actuators 216 at opposite ends of the lateral axis
of the aircraft, From FIGURE 11 it will be seen that
the slots 21¢ of the baffles 263, 204 are arranged to be
parallel to the longitudinal axis of the aircraft and there-
fore lie at different angles to the vertical at differing points
round the periphery of the aircraft. Thus, adjacent to
the lateral axis of the aircraft and in the vicinity of the
actuators 216, the slots are substantially horizontal while
adjacent to the longitudinal axis of the aircraft the slots
are viewed in elevation. substantially vertical.

The resulting support of the baffles is analogous to the
support of the base of a hollow cone on a sphere of a
diameter somewhat larger than the base of the cone. If
the apex of the cone is moved in two directions in a
given vertical plane then the base of the cone in that
plane will move vertically relative to the sphere while
the portions of the base of the cone in a vertical plane
containing the apex of the cone and normal to the plane
of movement of the apex of the cone will not be ver-
tically displaced relative to the sphere. By moving points
on the baffles 283, 204 backwardly and forwardly adja-
cent to the ends of the lateral axis of the aircraft it is
possible to control the extent of projection of the baffles
into the upper and the lower peripheral nozzles. Re-
ferring now to FIGURE 4, adjacent to the actuators 216,
the baffles 203, 204 are secured together by a strap 217,
One end of the actuator 216 is pivotally secured at 218
to a pair of formers 191 and the ram of the actuator is
secured at 219 to the strap 217. The other actuator is
arranged in a similar fashion and operation of the actua-
tors will rock the baffles as described above. The baf-
fles 263, 264 constitute secondary gas deflecting means.

Primary gas deflecting means are arranged in the slots
7% and 89 in the upper and lower radiused webs 77 and
78 at the outboard ends of the ribs of the inboard body
and include an upper baffle 228 and a lower baffle 221,
each baffle being formed as a frustum of a hollow cylin-
der. The edges of the baffles which project into the gas
displacement passage have sharp edges as indicated at
222. At spaced intervals around the periphery of the
aircraft the upper baffle 229 is supported by resilient
strips 223 which are secured to the sheet metal skin 87
at their inboard ends by flanges 224 (see FIGURES 9
and 11). At spaced positions in register with the resilient
strips 223, the baffles 229, 221 are connected together by
straps 225. The lower end of each strap 225 is secured
to the upper arm 226z of a bell-crank 226 having a sec-
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ond arm 2265 and which is pivoted at 227 between a
pair of supporting ribs 228. The location of the support-
ing ribs is clear from FIGURE 3; they are interposed
between the outboard ends of two adjacent ribs of the in-
board body structure. The outboard ends of the cables
188, which were described with reference to FIGURE 7,
are connected to the lower ends of the arms 2266 of
the bell-cranks. A bracket 229 is secured between the
lower portions of the supporting ribs 228 and a tension
spring 230 is interposed between the lower end of each
strap 225 and a lug 231 on each bracket 22%. It will
be seen that the springs 230 tend to pull the baffles 220,
221 into their lowermost positions so that the baffle 220
projects into the gas displacement passage and the baffie
221 is retracted into the slot 88. Guide vanes 232 are
provided at the outboard end of the displacement pas-
sage to guide the outboardly flowing propulsive gas inio
the outboardly divergent outlet nozzle 88.

Referring now to FIGURES 3, 4, 5 and 11, the air-
craft is provided with two sets of pivotally mounted
rudder vanes in the gas displacement passage adjacent
to the outlet nozzle. Each set of vanes comprises ecight
individual vanes indicated at 233, the vanes being ar-
ranged in two groups of four, each group being arranged
between two adjacent ribs of the inbeard body structure.
The upper ends of each group of vanes are connected
by short links to a main link 234 which is in turn con-
nected to the ram 235 of an actuator 236. The actuaiors
are pivotally mounted on ribs of the inboard bedy struc-
ture and include springs tending to center the rudder
vanes in radial positions. Operation of the actuators 236
pivots the vanes 233 to control the directions in which
the propulsive gas leaves the two sectors of the gas dis-
placement passage in which the vanes are mounted. The
rudder vanes are mounted on corresponding positions on
each side of the longitudinal axis of the aircraft, the
vanes being arranged just aft of the lateral axis of the
aircraft.

The baffles in the outboard body structure (the sec-
ondary gas deflecting means), the baffles in the inboard
body structure (the primary gas deflecting means) and
the rudder vanes are all controlled from a control col-
umn indicated generally at 237 in FIGURE 11 and
shown in detail in FIGURES 12 and 13 to which refer-
ence is now made. The control column is, of course,
under the control of the pilot and is situated in the pilot’s
cockpit 95. The floor of the cockpit is indicated at 238
and the control column is partly encased in a shroud
23% upstanding from the floor 238. The control colurnn
1tself comprises an upper sleeve 248 which extends above
the shroud 239 and is secured at its lower end to a lower
sleeve 241, the lower end of the lower sleeve being se-
cured to the floor 238. Mounted within the upper sleeve
249 is an outer gimbal ring 242 and an inner gimbal ring
243, these gimbal rings being shown clearly in FIGURE
13. The inner gimbal ring is supported from the outer
gimbal ring on axes 244; supported within the inner gim-
bal ring by axes 245 is a double-walled sleeve 246. The
space between the double walls of the sleeve 246 provides
a plenum chamber 247 which is supplied with high pres-
sure air through a conduit Z48 which is conmnected to a
union in the outer wall of the double sieeve and passes
through a slot 249 in the upper sleeve 248. Secured
in a disc 250 closing the lower end of the double slecve are
three Venturi nozzles 251a, 258h and 251c. The three
nozzles are spaced around the axis of the sleeve at 120°
intervals and each nozzle has an inner stack pipe 252
which opens at its upper end into the plenum chamber
247, The outer casing of the nozzle surrounds the inner
stack pipe 252 and is of greater cross sectional area than
the inner stack pipe. Conduits 253 are connected at their
one ends to the outer casings of the nozzies above the
lower ends of the inner stack pipes. The other ends of
the conduits are connected to the actuators 176, 178 and
179 as shown in FIGURES 11 and 13A.
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Reverting to FIGURE 12, the lower sleeve 241 carries
a bearing 254 adjacent its upper end, the bearing being
supported by webs 285.. Rotatably mounted in the bear-
ing is a resilient rod 256 which projects both upwardly
and downwardly from the bearing. The rod is sur-
mounted by a handle 257, and a flexible bellows 258
connects the upper end of the upper sleeve 248 {o the
lower end of the handle 257. At its lower end the rod
carries a cam 259 which co-acts with a tongue 26¢ which
is pivoted at 261 to a base plate 262. Adjustable spring
plungers 263, 264 and 265 act on the tongue and cam to
bias the former in a central position and an adjustable stop
266 is provided to limit movement of the plunger 265 in
one direction and to provide an adjustable datum for the
cam. Mounted in upstanding lugs 267 on the base plate
262 are opposed Venturi nozzies 268. The construction
of each of these nozzles is similar to the nozzles 251
described above. Thus high pressure air is fed into the
nozzles through conduits 269 and the pressures in the
outer casings of the nozzles are communicated through
the conduits 27¢ which are connected to the rudder actua-
tors 236 as shown in FIGURE 11.

Above the bearing 254, the rod 256 carries a circular
plate 27%; a compression spring 272 is interposed be-
tween the disc 238, which seals the bottom of the double-
walled sleeve 246, and the plate 271, The double-walled
sleeve 246 is continued upwardly by a hollow sleeve
273 which co-acts with eccentric cam wheels 274 and 275.
The cam wheel 274 is housed in a bearing 27§ supported
on the outer surface of the upper sleeve 240, and the
cam wheel 275 is supported in a similar bearing 277. The
cam wheels project through slots 278 in the upper sleeve
249, and the sleeve 273 is kept in contact with the cam
wheels by leaf springs 279.

The cam wheels are operated by remote control from
hand wheels 286 and 283, which are arranged at right
angles to one another in the pilot’s cockpit and within
convenient reach of the pilot. A flexible cable control
connects the hand wheels to the cams and is similar for
each hand wheel and cam. The hand wheel 280 is pro-
vided with a sleeve bearing 282 which is supported by a
flange 283. The hand wheel also carries a threaded shaft
234 which is received within an internally threaded bore
of a slidable block 285. The slidable block is connected
to one end of an inner flexible cable 286, the outer part
of the cable, indicated at 287, being anchored at 288, The
other end of the outer cable 287 is anchored to the sleeve
24¢ by a fitting 28% which is slotted at 296 to expose the
inner cable 286. The inner cable is wire wound to pro-
duce the effect of a worm and it meshes with a worm
wheel 291 carried in the bearing 276, the worm wheel
being connected to the cam wheel 274, Rotation of the
hand wheel 28¢ moves the inner cable 286 within the
outer cable 287 thereby rotating the worm wheel 291 and
the cam wheel 274. In a similar manner, rotation of the
hand wheel 281 rotates the cam wheel 275. By rotating
the hand wheels 286 and 282 fine adjustment of the posi-
tion of the double-walled sleeve 246 in its gimbal mount-
ing can be obtained since the wheels 274 and 275 are at
right angles to each other..

The control column includes two spring loaded push
switches 292 and 293 which are connected by leads 294
to the actuator 166 situated at the top of the rotor shaft.
As long as pressure is applied to the button 292 the actua-
tor 166 will be caused to lift the rod 16%. Conversely,
pressure on the button 293 will cause the actuator to
lower the rod 6% but, as soon as the pressure is released
from the button, the rod will cease to move. The
contrsl column alse carries a switch 295 connected to
the actuators 216 by leads 296. Operation of the switch
295 operates the actuators 216 to move the baffles 203,
284 in the outboard body.

Referring to FIGURES 1 and 6, the aircraft is pro-
vided with a tricycle undercarriage consisting of castors



3,051,417

13
297 supported by legs 298. Each leg has a lower flange
2984 secured to the lower skin 42 and a cylindrical casing
298b secured to a main rib by an upper mounting 299.
Transparent canopies 300 extend over the pilot’s and
observer’s cockpits and a pilot head boom 381 extends
from the forward part of the aircraft.

FIGURES 14, 15 and 16 show a modification of the
aircraft described with reference to FIGURES 1 to 13.
The construction of the inboard body structure of the
modified form of aircraft is identical, except in one re-
spect, to that described with reference to FIGURES 1
to 13. One of the modifications incorporated in the second
aircraft concerns the secondary gas deflecting means in-
corporated in the outboard body structure.

Basically the main structure of the outboard body struc-
ture shown in FIGURES 14 and 15 is the same as has
heretofore been described. Thus there is a series of out-
board formers 199 of the same shape as hereinbefore
described, and the formers are covered with sheet metal
196 which extends inboardly to the inboard edges of the
channel member 194. Also, there is a plurality of in-
board formers 191, which are covered with sheet metal
197. The outboard edges of the covering 197 are spaced
from the inboard edges of the covering 196 as before to
provide upper and lower slots 201 and 202. However, in
this modified construction, there are no baffles mounted
in the slots 201, 202 and no actuators for the baffles.
Instead of the bafiles, the inboard periphery of the out-
board body structure is provided with a plurality of gas
entry ports 302 equally spaced around the whole of the
inboard periphery. There is a circumferential space 303
between the inboard portion of the covering 197 and the
inboard edges of the formers 191 which are cut away at
384, Movable in the space 383 in a portion of the out-
board body structure adjacent to the rear of the aircraft
is obturator means comprising a slide 365 operated by
actuators 306.

As shown in FIGURE 16, there are three actuators
306 which are pivotally mounted to the outboard body
structure and are spaced along the slide 305 which is
curved to conform with the curvature of the outboard
body structure. Each actuator 366 has a ram 347 which
is pivotally mounted between a pair of links 388 which
in turn are pivotally mounted about an axis 36% on the
outboard body structure. The inboard ends of the links
308 are secured to the slide 365 which is provided with
a plurality of apertures 319 which are spaced apart by
distances equal to the distances between the gas entry
ports 302 in the covering 197. The slide 305 may be
moved by the actuators 386 so that the apertures 310
in the slide register with the gas entry ports 302 in the
covering 197 or the slide may be moved to a position
in which it closes the gas entry ports in the rear portion
of the outboard body structure. When the apertures 310
are in register with the gas eniry ports 362 propulsive
gas enters the gas entry ports, is redirected by the channel
member 194, and is ejected through the slots 2831 and
202. The actuators 306 are operated from the pilot’s
control column 237 through the switch 295, described
with reference to FIGURE 12, and which is connected
to the actuators by leads 311. The control system of
the modified aircraft is otherwise identical with the con-
trol system described for the first embodiment of the
aircraft.

The modification to the inboard body structure com-
prises a downwardly directed, annularly arranged, stabiliz-
ing nozzle in the lower aerofoil skin 42 of the aircraft.
Referring to FIGURE 14B, an inner lip 312 is provided
to deflect some of the gas flowing through the gas dis-
placement passage to a nozzle slot 313 in the skin 42.
The lip extends between each pair of adjacent ribs of
the inboard body structure, however, the lip 312 and the
slot 313 are interrupted between the ribs which define
the air intake passages for the engines. Thus reference
to FIGURE 14A will show that there is no slot 313 or
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jnner lip 312 in the air intakes for the engine 73. An
outer lip 314 is provided to direct gas passing through
the slot 313 slightly inboardly. The lip 314 is continuous
and is not interrupted under the air intakes. Some of
the propulsive gas flowing through the gas displacement
passage ‘will be deflected by the lip 312 to pass through
the downwardly directed stabilizing nozzle 313 for a
purpose which will hereinafter ‘be described.

FIGURES 17 and 17A show a somewhat modified con-
trol system for the aircraft shown in FIGURES 1 to 13.
Structurally, the modification amounts to the omission
of the links 184, 185 described with reference to FIG-
URE 7. In FIGURES 17 and 17A, the inboard ends of
the cables 188 are connected in groups of three to T-
pieces 315 and the imboard ends of the T-pieces.are
connected directly through clevises 316 to the lower ends
of the bell-cranks 183. The effect of this modified con-
struction on the response of the aircraft will be described
hereinafter but it will be seen that if the lower end of the
control shaft moves in a given direction the cables 188
lying in that direction will be moved outboardly and
opposed cables will be moved inboardly. In all other
respects the control system shown in FIGURES 17 and
17A is the same as that described with reference to the
aircraft of FIGURES 1 to 13.

FIGURES 18 and 18A show a modified form of con-
trol system in which right angled pivoted links, or bell-
cranks 359, are interposed between the links 184 and the
T-pieces 187 to which the inboard ends of the cables
188 are connected. Each bell-crank has two arms, one
arm 351 being pivotally attached at its free end to a
link 184 and the other arm 352 being cranked upwardly
at 353 to clear the arm 351 of an adjacent bell-crank 350.
Fach of the bell-cranks 358¢ is pivotally mounted in a
lug 354 secured to ome of the radial webs 48 which ex-
tends between the inner surface of the wall 47 and the
base casting 142, .

It will be apparent that the arrangement is such that
if the control shaft ¥63 moves in a given direction, in-
stead of the cables 188 lying in that direction being moved
outboardly, cables 188 lying at 90° clockwise from that
direction will be moved outboardly and opposed cables
will be moved inboardly. The effect of this arrangement
on the response of the aircraft will be described herein-
after but in all other respects the control system shown
in FIGURES 18 and 18A is the same as that described
with teference to the aircraft of FIGURES 1 to 13.

Referring now to FIGURES 19, 20 and 21, the em-
bodiment of the invention there shown differs from the
gmbodiment of the invention shown in FIGURES 1 to 13
in the construction of the outboard body structure and
in the arrangement of the secondary gas deflecting means.

Referring to FIGURE 21, the outboard body structure
is fabricated from a series of radially arranged formers
covered with sheet metal covering in a manner similar
to that described in the other embodiments of the in-
vention although the formers providing the skeleton of
the outer body structure are somewhat different in shape
from those previously described. The formers providing
the skeleton of the forward portion of the outer body
are of the shape indicated at 317 while the formers pro-
viding the skeleton of the rear portion of the outer body
are of the shape indicated at 318. The formers 317 have
a comparatively wide central portion which tapers both
upwardly and downwardly to upper and lower edges.
The formers 318 are similar in their upper parts to the
formers 317 but terminate above the lower edges of the
formers 317 in a lower edge 319.

Th_e forward portion of the outer body extends mround
a major portion of the periphery of the aircraft and sub-
te:nds an angle of approximately 253° at the center of the
aircraft whereas the rear portion extends around an arc
which subtends an angle of 107° at the center of the air-
craft (see FIGURE 20).

The outboard edges of the formers 317 are covered
with a sheet metal covering 320 and their inboard edges
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are covered with a sheet metal covering 321. The out-
board edges of the formers 318 are covered with a sheet
metal covering 322 and their inboard edges are covered
with a sheet metal covering 323. The inboard surfaces
of the upper portions of the coverings 321, 323 provide
fixed guide means which directs propulsive gas passing
through the upper peripheral nozzle in directions gener-
ally upwardly and inboardly. In a similar manner the
lower portion of the covering 321 provides fixed guide
means which directs gas flowing through the forward
portion of the lower peripheral nczzle generally down-
wardly and inboardly. Pivotally aitached to the lower
edge 319 of the rear portion of the outboard body struc-
ture is a series of flaps 324 arranged in end-to-end rela-
tion. It will be seen from FIGURE 20 that there are
eight flaps each extending a circumferential Iength equal
to the distance between ihree ribs on the inboard body
structure. Each flap is of double-walled construction
and is dished at 325. The flaps are movable between
first positions, shown in full lines in FIGURE 21, and
second positions, shown in phantom lines in FIGURE 21,
by being rocked about their pivotal mountings on the
lower edge 319 of the rear portion of the outboard body
structure. The flaps are rocked by a series of actuators,
one actuator being provided for each flap. An actuator
is indicated at 326 and is pivotally connected at its upper
end at 327 to the inboard body structure. Each actuator
is. provided with a ram 328 which extends across the
lower peripheral nozzle and is pivotally attached to a flap
324 between spaced lugs 329 arranged substantially cen-
trally of the lower edge of the flap. The rams 328 pass
through apertures 330 in the covering of the inboard
body structure. It will be appreciated that, as the actu-
ators 3246 are operated, the flaps are rocked between their
first and second positions and that during movement of
the flaps the actuators will pivot about the pivot points
327. The apertures 330 are made of larger diameter
than the rams 328 since the rams will move transversely
of the apertures during movement of the flaps, The ac-
tuators are provided with compressed air bled from the
compressors of the engines and are operated by an
electro-pneumatic valve (not shown) controlled by the
switch 285 on the pilot’s control column.

The outboard body structure is held in juxtaposed
spaced relationship with the outlet nozzle 8¢ by means
of spokes 44 in a manner similar to that hereinbefore
described for the other embodiments of the invention,
however it will be noted that the guide vanes 199 and
200 are omitted in this embodiment of the invention.
The primary gas deflecting means consisting of the baffles
220, 221 with their associated operaiing mechanism is
identical to that previously disclosed.

The functions of the various components of the air-
craft of FIGURES 1 to 13 will now be described. When
the gas turbine engines 72, 73 and 74 are put into opera-
tion they will discharge their products of combustion into
the “tusk” manifolds 219, 126, 121. The gases flowing
at high velocity through these manifolds will be directed
downwardly through the slots 123 in the manifolds and
will then pass through the guide vanes 128 into the tip
turbine constituted by the blades 157 on the outer periph-
ery of the rotor. After leaving the turbine, the gases will
pass through the exhaust boxes between the guide vanes
137 and the walls 138 and, except for the exhaust boxes
adjacent to the air intake passages for the engines, will
be discharged into the gas displacement passage as shown
in FIGURE 6B and will flow outboardly along the pas-
sage. In positions where the exhaust boxes overlie the
air intake passages for the engines, such as in FIGURE
6A, the exhaust gases are deflected by the deflecting walls
68, 68a.and 68b so that the exhaust gases pass into sec-
tors of the gas displacement passage radially adjacent to
the air intake passages for the engines.

The flow of the high velocity gases through the turbine
constituted by the blades 157 causes rotation of the rotor
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45 thus to impel air to flow within the structure and along
the gas displacement passage provided between the radial
ribs so that the air is forced out of the outboardly diver-
gent outlet nozzle 86. Thus, except for positions adja-
cent to the air intakes of the engines, air flows outboardly
along the sectors of the gas displacement passage, is
guided by the vanes '232 into the outboardly divergent
outlet nozzle 86 and then passes through one or both
of the upper and lower peripheral nozzles provided be-
tween the outboard body structure and the inboard body
siructure. Where spaces between adjacent ribs lead to
the air intakes of the engine, as shown in FIGURE 6A,
air passes outboardly between the ribs and is directed by
the vanes 6%a, 78a, 71a, into the elbows 117 and thence
into the engines. Therefore, once the rotor has started to
rotate, air will be forced into the engines by the impelling
action of the rotor.

Movement of the baffles 220, 221 in the slots 79 and
89 of the upper and lower radiused webs at the outboard
ends of the ribs of the inboard body structure will control
the direction in which the gas passing through the gas
displacement passage leaves the outlet nozzle 86. If the
baffles 22¢, 221 project into the gas displacement passage
by equal amounts then the gas will tend to pass radially
ocutboardly until it is deflected by the outboard body
structure. If the baffle 226 projects into the gas displace-
ment passage more than does the baffle 221, then the pro-
pulsive gas will tend to be deflected downwardly to pass
through the lower peripheral nozzle between the inboard
and outboard bedy structures and more gas will pass
through the lower peripheral nozzle than through the
upper peripheral nozzle. Conversely, if the baffle 221
projects into the gas displacement passage more than does
the baffle 22¢ the propulsive gases will tend to pass through
the upper peripheral nozzle between the inboard and out-
board body structures and more gas will pass through
the upper nozzle than through the lower nozzle. It will
be appreciated that the baffles 220, 221 move together
by virtue of the straps 225 and are controlled by move-
ment of the cables 188 through the agency of the bell-
cranks 226 to the arms of which the straps 225 and the
cables 188 are connected. The baffles 220, 221 may
therefore be operated to apportion the flow of propulsive
gas between the upper and lower peripheral nozzles.

The deflection of the propulsive gas is attributable to
the Coanda effect. (See aforementioned application
Serial No. 684,615 for explanation and discussion of
Coanda effect.) Thus, supposing that the baffle 220 pro-
jects into the gas displacement passage and the baffle
221 is retracted from the passage, gas flowing through the
passage will be caused to “break away” from the skin
87 constituting the upper wall of the passage, by the pro-
jection of the baffle 220. However, the major portion
of the gas will flow smoothly over the lower wall of
the gas displacement passage and will follow the contour
of the skin attached to the lower radiused webs 78 by
virtue of the Coanda effect, and will flow outboardly
and downwardly to pass through the lower peripheral
nozzle. The effect of the bafite 228 is assisted by a direct-
ing stream of gas which issues from the slot 79. Some
of the propulsive gas impinging on the inboard surface
of the baffle 226 is directed by the baffle into the cham-
bers between the upper radiused webs 77 of the adjacent
ribs. These chambers are completely closed excepti for
the slots 79 and therefore gas is forced from the chambers
through the slots 72 along the outboard surfaces of the
baffles 226 since the pressure in the gas displacement
passage is less at positions outboardly of the baffle than
at positions inboardly thereof.

Conversely, if the baffle 221 is caused to project into
the gas displacement passage and the baffle 226 is re-
tracted, then the major portion of the gas is caused to
break away from the lower wall of the gas displacement
passage and tends to pass upwardly and outboardly arcund
the skin attached to the upper radiused webs 78 of the
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ribs by virtue of the Coanda effect and therefore passes
through the upper peripheral nozzle. Some of the pro-
pulsive gas is deflected by the inboard surface of the
baffle 221, enters the spaces between the lower radiused
webs 78 of the ribs, and is ejected adjacent to the out-
board surfaces of the baffle 221 to assist in directing the
remainder of the propulsive gas.

It will be seen that by operation of the baffles 226, 221
the quantities of air and exhaust gases from the turbines
which flow through the upper and lower peripheral nozzles
can be controlled. That is to say, operation of the baffles
220, 221 apportions the flow of propulsive gases between
the uppéer and lower peripberal nozzles.

The baffles 283, 204 in the outboard body may be
operated to assist in the deflection of the gases passing
through the upper and lower peripheral nozzles. Where
the baffles 283, 284 project from the surface of the ocut-
board body they will cause the gas flow to break away
from the outboard body surface and will assist the gas
to follow the curvature of the upper and lower radiused
webs 77 and 78. It will be seen in FIGURE 9 that the
baffles 203, 204 at the forward portion of the aircraft
project fully into the upper and lower peripheral nozzles,
whereas at the rear of the aircraft the baffles are fully
retracted. If the actuators 216 are operated to move the
baffles 263, 204 forwardly then the baffies in the forward
part of the outer body will be retracted and those in the
rear portion of the outer body will be projected and, if
the actuators are moved sufficiently, the baffles will as-
sume a position in which they project equally around the
whole periphery of the aircraft. As mentioned above,
the actuators 216 are controlled directly from the pilot’s
contro! column through the switch 295.

Returning now to the baffles 228, 221, which con-
stitute the primary gas deflecting means, these can be op-
erated in unison, ie. to an equal extent at all points
around the aircraft periphery, by means of the actuator
166. If the actuator is operated to raise the rod 169
then the bell-cranks 183 are caused to pivoet by the co-
action of their inboard ends with the mushroom head
171 of the rod 169. The bell-cranks all rock to an equal
extent and will draw the links 185 inboardly to an equal
extent. The links 185 will, in turn, move the T-pieces
187 inboardly to egual extents which will move the lower
arms 2265 of the bell-cranks 226 inboardly. Movement
of the lower arms of the bell-cranks 226 inboardly will
taise the upper arms 226a and will cause the upper bafile
220 to retract into the slots 79 and the lower baffle
221 to project from the slots 89. Conversely, if the
actuator 166 is operated to lower the rod 169, the springs
230 will pull the cables 188 outboardly and the bafile
229 will project from the slots 79 whereas the baffle 221
will refract into the slots 80. Movement of the baffles
226, 221 under the influence of the actuator 166 is equal
throughout the periphery of the aircraft and is to be
distiriguished from the swashing movement of the baffles
which will hereinafter be described.

Referring now to FIGURE 7, the control shaft 163
is secured in the diaphragm 160 at the upper end of the
vertical shaft 146, and the upper end of the control shaft
is connected through diaphragm 161 to the upper end of
the sleeve 147 on which the rotor is mounted. If the
rotor now tilts about the spherical bearing 148 it will
apply a force to the upper end of the control shaft 163
which will pivot about the fulcrum provided by the dia-
phragm 166, and the control shaft will be deflected from
its central position which is shown in FIGURE 7.

Thus, if the rotor tips to the rear from its neitral posi-
tion the lower end of the control shaft 163 will move
forwardly and in so moving will affect the cables 138 and
the primary gas deflecting means, which includes the
baffles 226, 221 connected thereto. All the cables will
be moved to some extent but the cables affected most will
be those attached to the links 184 lying in, or nearest to,
the plane of movement of the control shaft,
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For reference purposes let it be considered that the
longitudinal axis of the aircraft lies north and south and
that the aircraft is facing north (see FIGURES 28 and
29). Using these axes of references, as the rotor tips to
the rear from its neutral position the lower end of the
control shaft will move from its central position to the
north and the rotor has tipped towards the south. The
plane containing the positions of the rotor spin  axis
corresponding to both the neutral and tilted positions of
the rotor is the north-south plane. The cables 188 which
are most affected by the northerly movement of the
lower end of the control shaft are those connected, via
the links 185 and T-pieces 187, to the links 184 lying
in, or nearest to, the north-south plane. The links 184 to
the north of the lower end of the control shaft 163 will
be moved outboardly and the links 184 to the south of
the lower end of the control shaft will be moved in-
boardly.

The links 185 are dimensioned and arranged so that
the cables 188 most affected by the movement in any
given direction of the control shaft will be advanced, in a
clockwise sense, i.e. in the direction of rotation of the
rotor, by a phase angle of 20° relative to the plane con-
taining both positions of the spin axis corresponding to
the neutral and tilted positions of the rotor, in the present
case, the vertical plane containing the morth-south axis as
mentioned above. Thus the portions of the baffles 220,
221 affected most by the northerly movement of the lower
end of the control shaft will lie adjacent to a vertical
plane 20° east of north and 20° west of south, ie. a
plane advanced 20° from the north-south plane contain-
ing both said positions of the spin axis. This advanced
plane is referred to for convenience as the control plane
(see FIGURE 28).

All the cables 188 will be moved to varying extents
by movement of the control shaft. The cables moved to
the greatest extent will be adjacent to the control plane
and the cables moved to the least extent will be adjacent
to a plane normal to the control plane.

The cables 188 in the sector indicated by the line 496
in FIGURE 28, will be moved outboardly and the cables
moving most will be those adjacent to the control plane.
As the cables move outboardly the baffles in the sector
will move downwardly (see FIGURE 29), so that pro-
pulsive gas will tend to flow through the lower peripheral
nozzle in preference to the upper peripheral mozzle and
will therefore provide an upward reaction on the associ-
ated sector of the aircraft.

All the cables in the sector indicated by the line 401 in
FIGURE 28 will be moved inboardly so that the baffies
220, 221 in this sector will be moved upwardly (see
FIGURE 29), and propulsive gas will flow through the
upper peripheral nozzle in preference to the lower periph-
eral nozzle. The greatest movement of the baffles will
be in the control plane. The general gas flow pattern
for a nose-up moment applied by the gas deflecting means
is shown in FIGURE 25.

As the result of moving the lower end of the control
shaft forwardly, the aircraft is subjected to a moment
which may be considered to be a couple acting in the
control plane. This couple may be resolved into two
components, namely a component in the north-south
plane applying a pitching moment to the aircraft and a
component in the east-west plane applying a rolling
moment to the aircraft. If the phase angle is desig-
nated “a,” then the first component will be proportional
to cosine « and the second component will be propor-
tional to sine «.

Moreover, the first component will amplify the gyro-
couple applied to the aircraft by the rotor as the latter
tilts within the aircraft and the second component would
oppose a rotational velocity acquired by the aircraft and
which would cause the rotor to tilt from its neutral posi-

tion. This is explained in more detail hereinafter with

reference to FIGURES 17, 17A, 18 and 18A.
The movement of the contirol shaft 163 may be



3,051,417

19
initiated by operation cof the actuators 176, 178 and 179
which are controlled from the pilot’s control colummn.

As described above, each of the actuators 176, 178 and
179, is attached by a conduit 253 to one of the nozzles
251. The relative positions of the associated nozzles and
actuators are 90° out of phase as will now be described.
Thus referring to FIGURES 13 and 13A it will be scen
that the nozzle 251a lies on the longitudinal axis of the
aircraft which is indicated by the arrows. The nozzle
251q is connected to the actuator 176 which, as will be
seen from FIGURE 3, is on the lateral axis of the aircraft
and, in a clockwise direction, is 90° in advance of the
nozzle 251a. Similarly, the nozzle 251b is connected
to the actuator 178 which, as will be seen from FIGURE
13A, is 90° in advance of the nozzle in a clockwise direc-
tion. Finally, the nozzle 251¢ is connected to the actu-
ator 179 which is 90° in advance of the nozzle in a
clockwise sense.

The actuators 176, 178 and 179 are caused to operate
by variations in pressure in the conduits 253. As men-
tioned above, the plenum chamber 247 in the double-
walled sleeve 246, is provided with high pressure air
bled from the compressors of the gas turbine engines.
This high pressure air flows through the inner stack pipes
252 of each of the nozzles 251 and, due to the presence
of the plate 271, maintains a pressure in each of the con-
duits 253. If the plate 271 (see FIGURE 12) is spaced
by an equal distance from each nozzle then the pressure
produced in each of the conduits 253 is equal. Suppose
now that the plate 271 is equally spaced from the nozzles
251 when the plate is horizontal and that the pilot pulls
the handle 257 in a rearward direction. The rod 256 will
flex above the bearing 254 and the plate 271 will tilt
so that it will move away from the nozzle 251¢ and wiil
move towards the nozzles 2515 and 251c. As a result,
the pressure in the conduit 253 connected to the nozzle
251a will decrease and the pressure in the other two con-
duits will increase. Asa result of the decrease in the pres-
sure in the nozzle 251a, the pressure in the actuator 176
will be reduced and the pressure in the other two actu-
ators 178, 179 will be increased due to the increase of
pressure in their associated nozzles 2515 and 25%¢. Due
to the changes in pressure the actuators will apply a force
to the control shaft tending to move its lower end towards
the actuator 176, i.e. in a direction at 90° to the: direction
at which the pilot first moved the handle 257. Similarly,
any force applied to the control shaft by the actuators
176, 178 and 179 acts in a direction advanced 90° in a
clockwise sense from the direction in which the pilot
moves his handle 257 so that if the pilot moves the handie
257 to his left the force applied to the control shaft
by the actuators 176, 178 and 17% will tend to move it
forwardly.

The hand wheels 288, 281 may be used to trim the air-
craft by providing a fine adjustment for the positions of
the nozzles 251 relative to the plate 271. By rotation of
the cam wheels 274 and 275, the sleeve 273 together with
the associated double-walled sleeve 246 and the nozzles
251 may be adjusted about two axes at right angles. Thus
fine adjustment of the distance between the outlets of
the nozzles 251 and the plate 271 may be obtained with
correspondingly fine adjustment of the position of the
control shaft 163 by means of the actuators 176, 178 and
179.

As mentioned above, the rudder actuators 236 are con-
nected to conduits 27¢ which lead to nozzles 268 associ-
ated with the tongue 260 at the base of the control
column. If the pilot rotates the handle 257 the tongue 268
is moved by the cam 259 so that it moves closer to one
of the nozzles 268 and further away from the other nozzle.
By moving the tongue 268, therefore, the relative pressures
in the conduits 270 may be varied and, as will be seen
from FIGURE 11, each conduit 279 is connected to each
of the actuators 235 but between the actuators the con-
duits are crossed so that the rudder vanes in both groups
will move in the same clockwise or anticlockwise sense.
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It will thus be seen that the pilot can control the air-
craft in yaw by rotation of the handle 257.

The aircraft may be considered to have a body struc-
ture and engine means within the structure to provide
propulsive gas, the engine means including the rotor 45
and the gas turbine engines 72, 73, 74. The aircraft has
an outlet nozzle 86 which is arranged to discharge the
propulsive gas at a multiplicity of positions distributed
around the periphery of the body structure. The primary
gas deflecting means are associated with the nozzle and
are operable to variably control the flow characteristics
of the propulsive gas discharged from the nozzle 86 at
any selected position of the multiplicity of positions at
which the outlet nozzle discharges the propulsive gas.
The rotor 45 comprises a gyroscope which is rotatable
about a spin axis and the gyroscope has a neutral posi-
tion relative to the body structure, the neutral position
being with the rotor horizontal when the aircraft is hori-
zontal and with the spin axis vertical and parallel, in
this particular aircraft coincident, with the yaw axis of
the aircraft. In all the drawings, except FIGURE 29,
the rotor is shown dn its neutral position.

The springs 238¢ acting through the bell-cranks 226
and the cables 188 provide means which bias the rotor
to its meutral position within the body structure although
they allow the rotor to move relatively to the body
structure. The springs 230 and the cables 188 also cause
the rotor to tilt from an original steady state position
when the aircraft acquires a rotational velocity about a
turn axis lying normal to the spin axis when the rotor
is in said original position. Thus, to take an example,
suppose that the rotor is rotating in its neutral position,
which may be considered as an original steady state posi-
tion, with its spin axis vertical then, if the aircraft acquires
a rotational velocity about a turn axis normal to said spin
axis, in this example about a horizontal axis, the rotor
will be caused to tilt from its original position by virtue of
the springs 23¢ and the cables 188,

The cables 188 with their associated links 184, 185 at
the inboard ends thereof and with the bell-cranks 226 at
the outboard ends therecof constitute a link system inter-
posed between the gyroscope, constituted by the rotor,
and the primary gas deflecting means, constituted by the
baffles 220, 221. Morecver, the link system operates
the baffles as described with reference to FIGURE 28 in
a manner determined by the tilted position of the rotor.
The cables 188 radiate from the control shaft 163 and
constitute individual links of the link system and it will
be seen that the individual links may be considered to be
operatively coupled to correlated portions of the gas de-
flecting means spaced around the periphery. RMoreover,
links of the system which are operatively coupled to
peripherally opposite porticns of the gas deflecting means
are interconnected by being connected at their inboard
ends to the control shaft 163.

Referring to FIGURES 28 and 29, for any given tilt
of the rotor, opposite peripheral portions of the gas de-
flecting means lying adjacent to a control plane are op-
erated. The control plane contains the position of the
spin axis corresponding to the neutral position of the
rotor and is advanced in the direction of rotation of the
rotor by a phase angle «, in this case, 20°, relative to
the plane containing the positions of the spin axis cor-
responding to the neutral and tilted positions of the rotor.
Thus in FIGURE 28 the plane containing the positions
of the spin axis corresponding to the neutral and tiited
positions of the rotor is the north-south plane and the con-
trol plane is advanced 20° clockwise, i.e. in the direc-
tion of rotation of the rotor, relative to the north-south
plane. The opposite peripheral portions of the gas de-
flecting means operated by tilt of the rotor are indicated
by the sectors 490 and 401 in FIGURE 28.

Referring now to FIGURES 14, 15 and 16, the func-
tioning of the control system of the aircraft there shown
is the same as the functioning of the aircraft shown in
FIGURES 1 to 13 with the exception that operation of
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the slide 385 replaces operation of the baffles 263 and 204
of the first embodiment. When the slide 385 is in a posi-
tion such that its apertures 318 are in register with the
gas entry ports 382 in the outboard body structure, pro-
pulsive gas enters the gas eniry ports 302 and is deflected
by the channel member 194 so that the gas issues from
the slots 281 and 262 all around the periphery of the air-
craft in the form of directing streams. It will be seen
from FIGURE 15 that the gas will issue in streams hav-
ing inboardly directed components of velocity and that
these streams will assist the propulsive gas discharged
from the outlet nozzle 86 to flow around the upper and
lower radiused webs 77, 78 and the guide vanes 199 and
208. The proportion of the total propulsive gas which
fiows through each of the upper or lower peripheral noz-
zles will be controlled by the primary gas deflecting
means, Le. by the baffles 228 and 221, in a manner sim-
flar to that described for the aircraft shown in FIGURES
1 to 13.

If the slide 395 is moved so that the gas entry ports
302 in the rear portion of the outer body are closed by
the slide, then propulsive gas around the rear portion of
the aireraft will be prevented from entering the gas eniry
ports 382. Under these circumsiances, gas moving ua-
dizlly outboardly from the outlet nozzle 86 around the
rear portion of the aircraft will impinge upon the rear
poriion of the outboard body structure, will divide and
will flow over both the upper and lower surfaces of the
outboard body structure.

The functions of the varicus controls in the embodi-
ment of the invention as shown in FIGURES 17 and 17A
are the same as the similar controls with refereace to
the aircraft shown in FIGURES 1 to 13. However, due
to the omission of the links 185, the phase angle of the
control system is 0°, i.e. the control plane adjacent to
which the portions of the baffles 228, 221 are most af-
fected for a given tilt of the rotor will be coincident with
the plane containing the positions of the spin axis cor-
responding to the neutral and tilted positions of the rotor.

Thus, referring to FIGURE 28 and assuming that the
rotor tilts in a southerly direction from its neutral posi-
tion, the lower end of the control shaft will move north-
erly. As before, the north-south plane will contain the
positions of the spin axis corresponding to the neutral and
tilted positions of the rotor. Since, however, the inboard
ends of the cables are connected directly to the links 184
the conirol plane will also be the north-south plame, ie.
the plane containing the positions of the spin axis for
the neutral and tilted positions of the rotor.

The aircraft will be subjected to a moment which, as
before, may be resolved into two components, a first
component in the north-south plane applying a pitching
moment to the aircraft and a second component in the
east-west plane applying a rolling moment to the aircraft.
However, since the phase angle in this case is 0° and
since the first component is proportionl to the cosine of
the phase angle and the second component is propor-
tional to the sine of the phase angle, it follows that the
second component will be zero so that the resulting mo-
ment will be in the control plane. This moment ampli-
fies the gyro-couple applied to the aircraft by the tilting
of the rotor within the aircraft. Thus as the rotor tilts
in a southerly direction it wiil apply a moment to the air-
craft tending to pitch the aircraft nose up. ‘The resulting
movement of the baffles 229, 222 will be to retract the
baffle 221 and advance the baffle 22¢ at the forward por-
tion of the aircraft and retract the baffle 220 and advance
the baffle 221 at the rear portion of the aircraft. The
aircraft will therefore be given a nose-up pitching mo-
ment which, as will be seen, amplifies the nose-up pitch-
ing moment imparted to the aircraft due to pitching of
the rotor within the aircraft. The gyro-couple applied to
the aircraft by pitching of the rotor is applied to the air-
craft through the springs 23@.

The functions of the various conirols in the embodi-
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ments shown in FIGURES 18 and 18A are the same as§
the similar controls described with reference to the air-
craft shown in FIGURES 1 to 13. However, in FIG-
URES 18, 18A, the phase angle of the control system
is 90° so that the control plane for the system is ad-
vanced 90° in the direction of rotation of the rotor.
Thus, due to the interposition of the right-angled links
358, if the rotor tilts in a southerly directjon and the
lower end of the control shaft moves in a northerly di-
rection the cables 188 to the East will be moved out-
boardly and the cables 188 to the West will be moved
inboardly. As a result the baffles 226, 221 will be
operated to apply a rolling moment to the aircrait about
its longitudinal axis tending to rofl the aircraft in an
anti-clockwise direction when viewed from the rear. The
rotor may be caused to pitch in a southerly direction if
the aircraft attains a rotational velocity tending to turn
it to a clockwise direction upon its longitudinal axis when
viewed from the rear. It will therefore be seen that the
moment applied to the aircraft is such as to directly
oppose the rotatiomal velocity which the aircraft has
acquired, The general statement that the couple applied
to the aircraft may be resolved into two components
proportional to the cosine of the phase angle and the
sine of the phase angle still holds good. However, since
the phase angle is 90° the component proportional to
the cosine of the angle, i.e. the component which tends
to amplify the gyro-couple applied to the aircraft, is zero
and only the component tending to roll the aircraft and
to directly oppose the rotational velocity acquired by
the aircraft is actually applied to the aircraft,

The functioning of the control system of the aircraft
shown in FIGURES 19, 20 and 21 is the same as that
of the control system of the aircraft shown in FIG-
URES 1 to 13, with the exception that operation of the
flaps 324 replaces operation of the baffles 283, 204 of the
aircraft of FIGURES 1 to 13.

When the flaps 324 are in their first position (shown
in full lines in FIGURE 21), gas issuing through the
lower peripheral nozzle due to the operation of the pri-
mary gas deflecting means will be directed substantially
inboardly and downwardly. Conversely, gas issuing
through the upper peripheral nozzle due to operation of
the primary gas deflecting means will be deflected gen-
erally inboardly and upwardly. If now the flaps 324
are moved to their second positions (shown in phantom
lines in FIGURE 21), propulsive gas issuing from the
forward portion of the lower peripheral nozzle will still
be directed generally inboardly and downwardly. How-
ever, gas issuing from the rear portion of the lower pe-
ripheral nozzle will pass generally downwardly and out-
boardly and will give to the aircraft a forward and up-
ward thrust.

The operation of the embodiment of the aircraft de-
scribed in FIGURES 1 to 13 will now be described. The
aircraft is capable of taking off and landing vertically and
of assuming forward flight after it has risen to a desired
height. The aircraft is provided with a control system
which is under the control of the pilot and also with
an automatic control system to reduce the divergence of
the aircraft incident upon a disturbance which imparts
to the aircraft a rotational velocity about a turn axis lying
normal to the spin axis of the rotor. The control sys-
tem reduces the divergence of the aircraft incident upon
rolling or pitching moments, i.e, moments tending to
impart a tiit rate to the aircraft.

When the gas turbine engines 72, 73, 74 are started,
air and-exhaust gas flow outboardly along the gas dis-
placement passage, through the outlet nozzle and, de-
pending on the positions of the primary gas deflecting
means, through either or both of the upper and lower
peripheral nozzles. For take-off, the conirols are set in
such a position that the secondary gas deflecting means,
i.e. the bafiles 203, 204, project into the upper and lower
peripheral nozzles equally around the whole periphery
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of the aircraft. The primary gas deflecting means is
operated to divert substantially the whole of the pro-
pulsive gas through the lower peripheral nozzle and to
this end the actuator 166 is operated to retract the baffie
221 into the slots 8@ and to project the baffle 226 from
the slots 79. Propulsive gas therefore flows outboardly
along the gas displacement passage, but its flow along the
upper wall of the passage is interrupted by projection of
the baffle 220 and the gas passes downwardly and in-
boardly through the lower peripheral nozzle. The gas
tends to flow along the guide vanes Z00 and along the
covering of the lower radiused webs 78 of the ribs of the
inboard body structure by virtue of the Coanda effect.
This downward and inboard flow is assisted by the pro-
jection of the baffle 204 which interrupts flow of gas
along the lower surface of the outboard body structure.
Air is induced to flow through the upper peripheral
nozzle by the flow of propulsive gas through the lower
peripheral nozzle and this induced air flow is indicated
by the arrows in FIGURES 22 and 23 and joins the
main flow of gas to increase its thrust slightly.

The general pattern of flow is shown in FIGURE 22
from which it will be seen that the gas flows inboardly
and downwardly until it is adjacent to the ground when it
curls outboardly. With this setting of the controis it
has been found that, when the aircraft is adjacent to the
ground, the gas ejected from the aircraft forms a down-
wardly moving tubular curtain which provides thrust
augmentation for landing and take-off. This thrust aug-
mentation when the aircraft is adjacent to the ground is
known as the “ground cushion effect” and is obtained
with a downwardly moving tubular curtain of gas as
described.

As the aircraft rises, the tubular curtain of gas becomes
substantially solid as shown in FIGURE 23. When the
aircraft is at a substantial height above the ground the
propulsive gas leaving the lower peripheral nozzle is able
to move inboardly to a greater extent than when the air-
craft is adjacent to the ground, and the streams from the
various portions of the periphery of the aircraft merge
to form a solid jet of downwardly moving gas which
propels the aircraft upwardly.

When hovering in free air as shown in FIGURE 23,
the upward thrust on the aircraft is greater than the
static thrust of the engines. It is believed that the thrust
augmentation in free air is due to the following facts:

(1) The gas discharged from the lower peripheral
nozzle has a large surface area and entrains a substantial
quantity of the ambient air. This entrainment increases
the mass flow and reduces the speed of the gas flow.

(2) The propulsive gas issuing from the lower periph-
eral nozzle and the entrained ambient air is caused to tra-
verse the lower aerofoil surface and is deflected down-
wardly away from the surface with components of veloc-
ity generally normal thereto. This downward deflection
causes an upward reaction on the surface which provides
a lift force for the aircraft.

The propulsive gas is caused to traverse the lower aero-
foil surface by means of the primary and secondary gas
deflecting means; the baffles 220, 221 and 293, 264 respec-
tively as hereinbefore explained. The gas discharged from
the nozzle is “bent” inboardly, and the flows of gas coming
towards the center of the surface from opposing directions
meet adjacent to the center and, since the gas cannot move
upwardly due to the presence of the lower aerofoil sur-
face, the gas is deflected. downwardly thus providing the
upward reaction on said lower surface.

When the aircraft has reached the desired height, the
pilot operates the controls to transfer the aircraft from
hovering to forward flight. This is accomplished by mov-
ing the secondary gas deflecting means, i.e. the baffles 203,
204, so that they are fully retracted at the rear portion
of the aircraft and project fully at the forward portion of
the aircraft, while at the same time operating the actuator
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166 to raise the bafiles 220, 221 until they both project to
approximately an equal extent into the gas displacement
passage. In this position of the controls the gas flow
through the upper and lower peripheral nozzles will be
substantially equal all around the aircraft as shown in
FIGURE 24. Since the secondary gas deflecting means,
j.e. the baffles 203, 284, at the forepart of the aircraft
project from the outer body structure, the propulsive gas
leaving the forward portion of the cutlet nozzle is caused
to flow around the guide vanes 129 and 246 as may be
seen from FIGURE 24. Since the baffles 228, 221 each
project from the upper and lower walls of the gas dis-
placement passage the flow of gas is interrupted on both
walls but the gas is caused to fiow around the guide vanes
199, 200 by the Coanda effect. The Coanda effect is
assisted by the fact that the gas is not permitted to flow
smoothly around the forward portion of the skin of the
outer body structure due to the projection of the baffles
283, 204 at the forward portion of the aircraft.

At the rear portion of the aircraft, however, where
the baffles 283, 284 are retracted, the gas is able to pass
substantially radially outboardly and is caused to follow
the outer surface of the outboard body structure due to
the Coanda effect. This results, as will be seen from
FIGURE 24, in a generally backwardly and downwardly
deflected stream of propulsive gas. The gas flowing
through the lower peripheral nozzle in the forward por-
tion of the aircraft is constrained to flow along the under-
side of the aircraft as shown, and meets the gas ejected
from the upper and lower peripheral nozzles at the rear
of the aircraft. As a result the aircraft is propelled for-
wardly and also obtains some lift from the downward
direction of the rearwardly discharged propulsive gas.
Moreover, since the aircraft cross section is an acrofoil, as
the aircraft moves forwardly it experiences aerodynamic
lift in a manner similar to the wings of a conventional
aircraft.

The response of the aircraft to the automatic stabiliza-
tion system and to the pilot’s control system will now be
considered. However, before considering the response
in detail it is necessary to mention several points. As
has been pointed out above, the aircraft can hover above
the ground and it can also move in forward flight; in for-
ward flight, the response of the aircraft is affected by a
de-stabilizing moment which does not affect it when hover-
ing. The aircraft which have been described are gener-
ally disc-shaped and the centers of gravity of these aircraft
are approximately at the centers of the discs. On the
other hand, since the sheathing of the aircraft causes the
aircraft to act as an aercfoil, the center of pressure is
approximately one-third of the chord length behind the
leading edge. Thus the center of pressure is in front of
the center of gravity during forward flight. It follows
that, if the aircraft hits an up-gust in forward flight the
angle of attack of the aircraft will increase which will
increase the lift which, in turn, will increase the pitching
moment since the center of pressure is in front of the
center of gravity. A converse effect will occur with a
nose dewn pitching moment: as the aircraft pitches nose
down the angle of attack decreases, which decreases the
lift which decreases the angle of attack, and so on.

With the aircraft described, since there are no tail
surfaces, the destabilizing moment causes a divergence in
pitch which is extremely rapid so that, in forward flight
if there were no correction, the aircraft would be over-
turned in a matter of one or two second after hitting a
gust. This rate of divergence is so rapid that the pilot
cannot control it manually.

In hovering, there is no destabilizing moment since the
center of pressure and the center of gravity are in line.
Tf the aircraft hits a gust while hovering the gust will tend
to tip the aircraft but, since @ gust may be considered to
be :an impulse and since there is no destabilizing moment,
there will be no steady divergence; the divergence will be
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transient but will still be so rapid as to normally be be-
yond the manual control of the pilot.

1t follows that both in forward flight, and in hovering,
an automatic stabilization system is required to reduce the
rate of divergence. The automatic stabilization system
provided by the invention is so interconnected with the
pilot’s control system that the pilot controls the aircraft
through the operation of the automatic stabilization sys-
tem. The automatic stabilization system is brought into
operation when the aircraft acquires a rotation velocity
about a turn axis normal to the spin axis when the latter
is in a steady state position; in other words the system
operates if the aircraft acquires a tilt rate (be it a pitch
rate or a roll rate). The aircraft may acquire a rate
from an outside disturbance, e.g. a gust, or by a pilot input
to the control system.

Another point which should be considered is that the
aircraft will respond more readily to low frequency forces
than to high frequency forces. The forces applied to the
aircraft by the control system are, at least in part, a com-
bination of high frequency and low frequency forces;
for example the characteristic frequencies of the control
system may be 3 cps., 15 cps. and 40 cps. However,
the aircraft will respond more or Iess oaly to the low
frequency forces, the high frequency movements of the
control system being confined almost entirely to the con-
trol system.

The response of the aircraft will be described with
reference to FIGURES 30 to 34 which show a series of
graphs; each response is described by six graphs. The
graphs show the following displacements and velocities:

(A) The roll angle of the aircraft in radians,

(B) The roll rate or roll velocity of the aircraft in radians
per second

(C) The pitch angle of the aircraft in radians,

(D) The pitch rate or pitch velocity of the aircraft in

radians per second,

(E) The amount of roll of the rotor within the aircraft
measured as a percentage of its maximum roll which
is set by structural limitations and may, for example,
be +14° from the neutral position, and

(F) The pitch of the rotor within the aircraft measured
as a fraction of its maximum pitch which is limited
s is the maximum roll.

The response of the aircraft will depend on the phase
angle between movement of the control shaft 163 and
movement of the primary gas deflecting means which
includes the baffles 220, 221. The damping of the system
increases, up to a point, with an increase in phase angle.
A system with zero phase angle has no built-in damping
while a system with a 90° phase angle has considerable
built-in damping as will be apparent from the following
discussion. As described above with reference to FIG-
URE 28, the phase angle of the embodiment of FIG-
URES 1 to 13 is 20° clockwise, i.e. in the direction of ro-
tation of the rotor.

Referring to FIGURE 30, this shows the response of the
aircraft of FIGURES 1 to 13 if, when it is hovering, the
pilot moves his stick to the right. The amount which the
stick is moved to the right is measured in terms of the re-
sulting movement of the rotor, which is expressed as a
percentage of the total permitted movement of the rotor
in any direction, the various movements being considered
as if the aircraft were on the ground with the rotor sta-
tionary. Thus, as mentioned above, the total movement
of the rotor in any direction from its neutral position
might be ¥4°, therefore if the pilot moves his stick 10%
to the right this will mean that he has moved his stick
sufficiently so that, with the aircraft on the ground and
the rotor stationary, the rotor would move from its neu-
tral position by 10% of ¥4°. As explained above, move-
ment of the control column is 90° out of phase with the
resulting force applied to the control shaft so that as the
pilot moves his stick to the right the actuators will apply a
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pitching moment to the rotor by rocking the control shaft
163. Morcover the graphs have been prepared on the
assumption that the pilot’s input is a step input, ie. a
sudden input and not a slow movement in the desired di-
rection.

Returning to FIGURE 30, as a result of the pilot’s move-
ment of the stick to the right he applies, through the con-
trol shaft 163, a pitching moment to the rotor which, as
a result, acquires a pitch velocity, or pitch rate; as soon
as it acquires this rate it is affected by the gyroscopic
laws of motion and precession. By reference to graphs B
and F of FIGURE 30 it will be seen that the rotor initially
oscillates both in roll and in pitch and then acquires a
steady state with a deflection in pitch and rather less of a
deflection in roll. As the rotor oscillates, it operates the
control system through the control shaft but the oscilla-
tions are of too high frequency to have much effect on the
aircraft. In the final steady state, the deflection of the
totor is transmitted through the control shaft to operate
the primary gas deflecting means to apply a moment to
the aircraft which can be resolved into two components
about the lateral and longitudinal axes of the aircraft.
The component about the longitudinal axis of the aircraft
overcomes the aerodynamic damping of the aircraft due to
the internal flow of the propulsive gas through the gas
displacement passage. Thus on one side of the longit-
tudinal mxis of the body of the aircraft tries to move the
radially flowing gas downwardly whereas on the other
side of the axis the body will tend to move the gas up-
wardly. The gas will oppose this movement with a force
proportional to its mass, its radial velocity and the angular
velocity of the aircraft. The component about the lateral
axis of the aircraft is employed in overcoming the gyro-
scopic moment and causes the aircraft to roll.

Graphs A and B of FIGURE 30 show that, after initial
oscillation in its roll rate, the aircraft acquires a substan-
tially steady roll rate and a steadily increasing roll angle.
Graphs C and D of FIGURE 30 show that the aircraft is
substantially undisturbed in pitch but has initially an
oscillating pitch rate which is damped out. The graphs
show that the aircraft responds substantially only to the
low frequency components of the rotor oscillations shown
in graphs E and F.

FIGURE 31 shows the response of the aircraft of
FIGURES 1 to 13 if, when it is hovering, it encounters a
steady rolling moment which is the approximate situa-
tion which might arise if the aircraft encountered a sudden
side gust. The rolling moment imparts an increasing roll
rate to the aircraft (graph B) and it will be seen that the
rotor lags slightly behind the movement of the aircraft.
The rotor then begins to catch up with the aircraft in
roll and acquires a roll rate. Once the rotor acguires a
roll rate it will follow the gyroscopic laws and its move-
ment will be as shown in graphs E and F of FIGURE
31. It will be seen that after initial oscillation the rotor
reaches a comparatively steady state with a deflection in
roll and rather less of a deflection in pitch. The deflec-
ticn of the rotor is transmitted through the control shaft
163 to operate gas deflecting means to reduce the diver-
gence of the aircraft.

Graphs A and B of FIGURE 31 show that, after an
initial sharp increase in roll rate, the roll rate decreases
to a substantially steady value and the roll angle steadily
increases. Graphs C and D show that the pitch velocity
increases rapidly and settles down to a comparatively
steady value and the pitch angle increases steadily. The
divergence in pitch and roll is sufficiently slow for the
pilot to be able to correct it.

FIGURES 32, 33 and 34 show the response of the air-
craft of FIGURES 1 to 13 when in forward flight.
FIGURE 32 shows the response of the aircraft to the
pilot moving his control column 10% to the right, the
10% movement being defined as above. The pilot in-
put applies a pitching moment to the rotor which thus
acquires a pitch rate and then follows the gyroscopic
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laws. The initial portions of the graphs of FIGURE 32
are substantially similar to the graphs of FIGURE 30,
that is to say, the disturbance induced by the pilot pro-
duces, after ihe initial transient oscillations, a substan-
tially constant roll rate with virtually zero pitch rate.
However, since the aircraft has been caused to pitch to
some slight extent, as will be seen from graph C of
FIGURE 32, the de-stabilizing moment described above
affects the performance of the aircraft. As a result the
roll rate and the pitch rate diverge from their substantial-
ly steady states.. The gemeral overall effect of the de-
stabilizing moment is to roll the aircraft, thus increasing
the roll rate, which in turn increases the gyro-couple in
pitch and causes an increase in pitch rate, which in turn
increases the de-stabilizing moment and so on. How-
ever, the divergence is sufficiently slow to be controlled
by the pilot.

FIGURE 33 shows the response of the aircraft to the
pilot moving the stick 10% forward. Whereas in the
response shown in FIGURE 32 the effect of the de-
stabilizing moment was of secondary importance, since
the main output was in roll, in FIGURE 33 the de-
stabilizing moment is of primary importance and produces
much more rapid divergence in roll rate and pitch rate.
The pilet input applies a rolling moment to the rotor
which acquires a roll rate and thereafter follows the
gyroscopic laws of motion. . The effect is essentially simi-
lar to that of FIGURE 32 except for the effect of the
de-stabilizing moment which preveats the acquisition of
steady roll and pitch rates. Thus as the aircraft begins
to pitch nose down, the lift decreases, which in turn in-
creasss the nose-down pitch, which decreases the lift and
so on as explained above. Graphs B and D of FIGURE
32 show the diverging roll rate and pitch rate but the
divergence is sufficiently slow to be corrected by the pilot.

FIGURE 34 shows the response of the aircraft when it
encounters a sharp edged gust having a speed of 10 fi.
per second. In a gust in forward flight the disturbing
moment on the aircraft varies due to the movement of
the aircraft and should be distinguished from the situa-
tion in FIGURE 31 where it is assumed that a steady
moment is applied to the aircraft while it is hovering.
Referring to FIGURE 34, the gust applies a pitching
moment to the aircraft which therefore acquires a pitch
rate. The rotor lags slightly and then it also acquires a
pitch rate and consequently starts to roll. In rolling,
the rotor applies a rolling moment to the confrol system
which staris to roll the aircraft. The resulting motions
of the aircraft and the rotor are as shown in the graphs
of FIGURE 34. The initial, comparatively high transient
values of roil rate and pitch rate are reduced to compara-
tively small values but diverge due to the de-stabilizing
moment as described above. It will be secen that the air-
craft is displaced in both roll and pitch but more in roll
than in pitch. As before, the divergence is sufficiently
slow for the pilot to be able to control the aircraft.

When the aircraft is in forward flight, in addition to
there being aerodynamic damping due io the internal air
flow as described above, there is also external aerody-
namic damping of the aircraft due to the flow of air over
the external skin of the aircraft.

It will be seen that the control system operates to re-
duce the divergence of the aircraft following a disturbance
to values which can be corrected by the pilot. Without
the automatic stabilization system the aircraft could be
overturned in a pitching gust too quickly for the pilot to
be able to control the movement.

The operation of the aircraft shown in FIGURES 14,
15 and 16 is the same as the operation of the aircraft
described with reference to FIGURES 1 to 13 with the
exception of the operations required to change from
hovering to forward flight, and vice versa.

As explained above, when the slide 395 is in such a
position that the apertures 316 therein are in register
with the gas entry ports 302 in the outboard body struc-
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ture, then propulsive gas enters the gas entry ports and
is deflected by the channel member 1924 to produce di-
recting streams of gas, For take-off, the slide 365 is ar-
ranged so that the apertures 310 are in register with the
gas entry ports 302 and the primary gas deflecting means
is arranged so that substantially the whole of the pro-
pulsive gas is discharged through the lower peripheral
nozzle. The general flow of propulsive gas for take-off
is indicated in FIGURE 26.

The flow of propulsive gas through the lower peripheral
nozzle induces air to flow through the upper peripheral
nozzle and also through the gas entry ports 302 and the
lower slot 2¢2. This induced flow of air helps to break
away the flow of propulsive gases from the outboard
body structure and, due to the Coanda effect, the pro-
pulsive gas passes downwardly and inboardly round the
lower skin of the aircraft. It is found that with the con-
ircls in this position the gas ejected from the aircraft
forms a downwardly moving tubular curtain of gas which
curls outboardly adjacent to the ground as shown in FIG-
URE 26. Comparing FIGURE 26 with FIGURE 22
it will be seen that the inboard deflection of the gas is
less in FIGURE 26 than in FIGURE 22, this is because
the baffles on the outer body structure in the embodi-
ment of FIGURE 22 are more efficient in breaking away
the flow from the outboard body stiructure than is the
flow of air induced through the cutboard body structure
in the embodiment of FIGURE 26. It is found that, with
an arrangement similar to that shown in FIGURE 26 but
without the central stabilizing nozzle, an annular zcne of
negative pressure occurs under the aircraft adjacent to
the center thereof. To relieve this zone of negative pres-
sure the central stabilizing nozzle 313 is provided and
some propulsive gas is ejected from this nozzle: this
eliminates the zone of negative pressure and increases the
upthrust of the aircraft.

To change from hovering to forward flight, the pilot
operates the switch 295 on his control column to move
the slide 385 so that the apertures 316 in the slide move
cut of register with the gas entry ports in the rear portion
of the outer body structure. At the same time the pilot
operates his controls to move the primary gas deflecting
means so that gas will flow radially outboardly through
the outlet nozzle, i.e. so that the upper and lower baffles
228, 221 project into the gas displacement passage by
equal amounts. With this setting of the controls, pro-
pulsive gas ejected from the rear portion of the outlet
nozzle will flow over the upper and lower surfaces of
the outboard body structure as indicated in FIGURE 27,
since the gases are prevented from flowing round the
upper and lower skins of the aircraft by virtue of the
projection of the baffles of the primary gas deflection
means.

Around the forward portion of the aircraft, propulsive
gas enters the gas entry ports 392 and is deflected both
upwardly and downwardly by the channel member 194
so that it appears as directing streams of gas directly up-
wardly and inboardly, and downwardly and inboardly,
respectively. These directing streams of gas assist the
remainder of the propulsive gas to flow upwardly and
downwardly around the guide vanes 199 and 200, and
rearwardly along the upper and lower surfaces of the
aircraft. Gas ejected from the central stabilizing nozzle
313 joins the gas moving along the lower surface of the
aircraft and passes rearwardly until it meets the gas
ejected from the rear portion of the aircraft. It will be
seen from FIGURE 27 that the resultant rearward flow
is directed somewhat downwardly, and therefore the air-
craft is propelled both upwardly and forwardly.

In all flight regimes, the control and stabilization of
the aircraft of FIGURES 14, 15 and 16 in pitch, roll and
yaw is precisely the same as for the aircraft described
with reference to FIGURES 1 to 13.

Referring now to FIGURES 17 and 17A, these illus-
trate g contro] system having a zero phase angle between
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fnovement of the control shaft and resulting movement
of the primary gas deflecting means. The system has no
built-in damping, and the couple applied to the aircraft
as a result of a disturbing force, either external or pilot
induced, will amplify the gyro-couple applied to the air-
craft by tilt of the rotor axis.

Using the directional convention set out above, if the
aircraft is hovering and the pilot pushes his stick 10%
to the right, the actuators 176, 178 and 179 will apply
a pitching moment to the rotor through the control shaft.
The rotor will acquire a pitch rate and will follow the
gyroscopic laws.

FIGURE 35 shows the response of the aircraft of
FIGURES 17 and 17A to a pilot moving his stick 10%
to the right while the aircraft is hovering. The response
is similar to the response shown in FIGURE 30 of the
aircraft of FIGURES 1 to 13 for a similar input, except
that the motion is undamped save by the aerodynamic
damping due to the internal flow of gas through the gas
displacement passage. Comparison of the graphs of FIG-
URE 35 with those of FIGURE 30 will show how the
oscillations of the system are damped out by increasing
the phase angle to 20°. That is to say, the response of
FIGURE 35 differs essentially from the response of FIG-
URE 30 by the superimposition of an oscillation on the
steady roll rate and the steady pitch rate of FIGURE 30
and also on the roll and pitch of the aircraft and of the
rotor. While it would be possible to fly an aircraft hav-
ing such control system it would be rather less com-

fortable for the pilot than the aircraft of FIGURES 1
to 13.

FIGURE 36 shows the response of an aircraft having
the control system of FIGURES 18 and 18A which has
a phase angle of 90°. Comparison of FIGURE 36 with
FIGURES 35 and 30 shows that the response is similar
to the responses in FIGURES 30 and 35 but is more
damped than in either of said systems. Thus as the pilot
applies a pitching moment to the rotor, the rotor acquires a
pitch rate and follows the gyroscopic laws as shown in
the graphs. In the final steady state the rotor has a dis-
placement in roll and rather less a displacement in pitch.
The tilted rotor operates the gas deflecting means to apply
a couple to the aircraft which is similar to the couple
applied to the aircraft in the response of FIGURE 30 but,
due to the different phasing, the position of the rotor
to apply the couple is different from FIGURE 30.

_will be seen that the system is extremely well damped
and therefore would be more comfortable to fly than the
aircraft shown in FIGURES 1 to 13. However, a dis-
advantage of such a system is that the time required to pro-
duce a given rate would be unnecessarily large and there-
fore it is desirable to compromise between a zero phase
angle and a 90° phase angle, to provide a system which is
partially damped but yet has rapid response. Such a com-
promise can be obtained with a phase angle of 20° as
described with reference to FIGURES 1 to 13 and to the
responses shown in FIGURES 30 to 34.

Referring now to FIGURES 19, 20 and 21, the control
and stabilization of the aircraft there shown in pitch, roll
and yaw is, in all flight regimes, similar to the control
of the aircraft of FIGURES 1 to 13. The only difference
is in the operations required to change from hovering to
forward flight.

For hovering, the primary gas deflecting means are ar-
ranged so that substantially the whole of the propulsive
gas passes downwardly and inboardly through the lower
peripheral nozzle. When the aircraft has risen to the
desired height the pilot operates his controls to move the
flaps 324 to their second position, but he retains the pri-
mary gas deflecting means in their original position so that
substantially the whole of the propulsive gas is discharged
through the lower peripheral nozzle. In forward flight,
therefore, propulsive gas issues from the forward por-
.tion of the lower peripheral nozzle and passes inboardly
.and downwardly, whereas the gas which issues through the
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rear portion of the lower peripheral nozzle passes out-
boardly and downwardly. The aircraft is propelled for-
wardly and upwardly in a manner similar to the aircraft
previously described. The upper peripheral nozzle is only
employed for control purposes and the operation of the
control system is the same as that of the control system
described with reference to FIGURES 1 to 13.

The term “aircraft” is used in the specification and
claims in its broadest connotation of a craft which is
propelled through the air but is not necessarily sustained
thereby. The term is intended to include, where appro-
priate, vehicles which do not fly in the generally accepted
sense of the word but “skim” over the surface of land or
water sustained by generally downwardly directed streams
of propulsive gas.

Jt will be understood that the forms of the invention
herewith shown and described are preferred examples
and that various modifications ¢an be carried out without
departing from the spirit of the invention or the scope of
the appended claims.

What we claim as our invention is:

1. A control system for an aircraft having a body struc-
ture; engine means within the structure to provide propul-
sive gas; and an outlet nozzle to discharge the propulsive
gas at a multiplicity of positions distributed around the
periphery of the structure; the control system comprising
gas deflecting means associated with the nozzle and op-
erable to variably control the flow characteristics of the
propulsive gas discharged from the nozzle at any selected
position of said multiplicity of positions; a rotor rotatable
about a spin axis and having a neutral position relative to
the body structure, the rotor being mounted within the
structure to have a limited degree of universal movement;
biasing means associated with the rotor to bias it to its
neutral position and to allow relative movement between
the rotor and the body structure with consequent tilting
of the rotor from its neutral position when the aircraft
acquires a rotational velocity about a turn axis lying nor-
mal to the spin axis; and a link system interposed between
the rotor and the gas deflecting means 1o operate the lat-
ter in response to tilting of the rotor from its neutral po-
sition and in a manner determined by the tilted position of
the rotor; individual links of the system being operatively
coupled to correlated portions of the gas deflecting means
spaced around the periphery; operation of the gas deflect-
ing means as a result of a disturbance which imparts a
rotational velocity to the aircraft about a turn axis con-
trolling the flow characteristics of the propulsive gas dis-
charged from the outlet nozzle to reduce the divergence
of the aircraft incident upon said disturbance.

2. A control system for an aircraft having a body
structure; engine means within the sfructure to provide
propulsive gas; and an outlet nozzle to discharge the pro-
pulsive gas at a multiplicity of positions distributed arcund
the periphery of the structure; the control system com-
prising gas deflecting means associated with the nozzle
and operable to variably control the flow characteristics
of the propulsive gas discharged from the nozzle at any
selected position of said multiplicity of positions; a rotor
rotatable about a spin axis and having a neutral position
relative to the body structure, the rotor being mounted
within the structure to have limited degree of universal
movement; biasing means -associated with the rotor to
bias it to its neutral position and to allow relative move-
ment between the rotor and the body structure with
consequent tilting of the rotor from its neutral position
when the aircraft acquires a rotational velocity about a
turn -axis lying normal to the spin axis; and a link sys-
tem interposed between the rotor and the gas deflecting
means to operate the latter in response to tilt of the rotor
from its neutral position and in a manner determined by
the tilted position of the rotor; individual links of the
system being operatively coupled to correlated portions
of the gas deflecting means spaced around the periphery
and links operatively coupled to peripherally opposite
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portions of the gas deflecting means being interconnected;
the response of the link system to tilt of the rotor caus-
ing operation of opposite peripheral portions of the gas
deflecting means; operation of the gas deflecting means
as a result of a disturbance which imparts a rotational
velocity to the amircraft about a turn axis controlling the
flow characteristics of the propulsive gas discharged from
peripherally opposite portions of the outlet nozzle to
apply a couple fo the aircraft to reduce the divergence of
the aircraft incident upon said disturbance.

3. A control system for an aircraft having a body
structure; engine means within the structure to provide
propulsive gas; and an outlet nozzle to discharge the
propulsive gas at a multiplicity of positions distributed
around the periphery of the structure; the control system
comprising gas deflecting means associated with the nozzle
and operable to variably control the flow characteristics
of the propulsive gas discharged from the nozzle at any
selected position of said multiplicity of positions; a rotor
rotatable about a spin axis and having a neutral position
relative to the body structure, the rotor mounted within
the structure to have a limited degree of universal move-
ment, biasing means associated with the rotor to bias it
to its meutral position and to allow relative movement
between the rotor and the body structure, with consequent
tilting of the rotor from its neutral position and appli-
cation of a gyro-couple to the aircraft, when the aircraft
acquires a rotational velocity about a turn axis lying
normal to the spin axis; and a link system interposed
between the rotor and the gas deflecting means to operate
the latter in response to tilt of the rotor from its neutral
position and in a manner determined by the tilted posi-
tion of the rotor; individual links of the system being
operatively coupled to correlated portions of the gas
deflecting means spaced around the periphery and links
operatively coupled to peripherally opposite portions of
the gas deflecting means being interconnected; the re-
sponse of the link system to tilt of the rotor causing oper-
ation of opposite peripheral portions of the gas deflecting
means lying adjacent to a control plane which contains
the position of the spin axis correspending to the ncut.ral
position of the rotor and is advanced in the direction
of rotation of the rotor by a phase angle « relative to
the plane containing the positions of the spin axis cor-
responding to the neutral and tilted positions of the
rotor, the phase angle having a value of between 0° and
90° inclusive; operation of the gas deflecting means as a
result of a disturbance which imparts a rotational velocity
to the aircraft about a turn axis controlling the flow
characteristics of the propulsive gas discharged from
peripherally opposite portions of the outlet r}‘ozzle to
apply a couple to the aircraft to reduce the divergence
of the aircraft incident upon said disturbance, the couple
having a first component proportional to cosine « and
which amplifies said gyro-couple and a second component
proportional to sine o and which directly opposes said
rotational velocity.

4. A conirol system for an aircraft having a body
structure; engine means within the structure to provide
propulsive gas, the engine means including a rotor ro-
tatable about a spin axis and having a neutral position
relative to the body structure, the rotor having a limited
degree of universal movement; a gas displacement passage
along which the propulsive gas is impelled by the rotor;
and an outlet nozzle communicating with the gas dis-
placement passage and arranged to discharge the pro-
pulsive gas at a multiplicity of positions distributed around
the periphery of the structure; the control system com-
prising biasing means associated with the rotor to bias
it to its neutral position and to allow relative movement
between the rotor and the body structure with consequent
tilting of the rotor from .its neutral position when the
aircraft acquires a rotational velocity about a turn axis
lying normal to the spin axis; gas deflecting means asso-
ciated with the nozzle and operable to variably control
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the flow characteristics of the propulsive gas discharged
from the nozzle at any selected position of said multi-
plicity of positions; and a link system interposed between
the rotor and the gas deflecting means to operate the
latter in response to tilt of the wmotor from its neutral
position and in a manner determined by the tilted posi-
tion of the rotor; individual links of the system being
operatively coupled to correlated portions of the gas de-
flecting means spaced around said periphery; operation
of the gas deflecting means as a result of a disturbance
which imparis a rotational velocity to the aircraft about
a turn axis controlling the flow characteristics of the pro-
pulsive gas discharged from the outlet nozzle to reduce
the divergence of the aircraft incident upon said dis-
turbance.

5. A control system for an aircraft having a body struc-
ture; engine means within the structure to provide pro-
pulsive gas, the engine means including a rotor rotatable
about a spin axis and having a neutral position relative
to the body structure, the rotor having a limited degree
of universal movement; a gas displacement passage along
which the propulsive gas is impelled by the rotor; and
an outlet nozzle communicating with the gas displace-
ment passage and arranged to discharge the propulsive
gas at a muliiplicity of positions distributed around the
periphery of the structure; the control system compris-
ing biasing means associated with the rotor to bias it to
its neutral position and to allow relative movement be-
tween the rotor and the body structure, with consequent
tilting of the rotor from its neutral position and applica-
tion of a gyro-couple to the aircraft, when the aircraft
acquires a rotational velocity about a turn axis lying
normal to the spin axis; gas deflecting means associated
with the nozzle and operable to variably control the
flow characteristics of the propulsive gas discharged from
the nozzle at any selected position of said multiplicity of
positions; and a link system interposed between the rotor
and the gas deflecting means to operate the latter in re-
spense to tilt of the rotor from its neutral position and
in a manner determined by the tilted position of the
rotor; individual links of the system being operatively
coupled to correlated portions of the gas deflecting means
spaced around said periphery and links operatively coupled
to peripherally opposite portions of the gas deflecting
means being interconnected; the response of the link sys-
tem to tilt of the rotor causing operation of opposite pe-
ripheral portions of the gas deflecting means lying adja-
cent to a control plane which contains the position of
the spin axis corresponding to the neutral position of the
rotor and is advanced in the direction of rotation of the
rotor by a phase angle « relative to the plane containing
the positions of the spin axis corresponding to the neutral
and tilted positions of the rotor, the phase angle having
a value between 0° and 90° inclusive; operation of the
gas deflecting means as the result of a disturbance which
imparts a rotational velocity to the aircraft about a turn
axis controlling the flow characteristics of the propulsive
gas discharged from peripherally opposite portions of the
outlet nozzle to apply a couple to the aircraft to reduce
the divergence of the aircraft incident upon said disturb-
ance, the couple having a first component proportional
to cosine « and which amplifies said gyro-couple and
a second component proportional to sine « and which di-
rectly opposes said rotational velocity.

6. A control system for an aircraft having a body
structure; engine means within the structure to provide
propulsive gas; -and an outlet nozzle arranged to dis-
charge the propulsive gas at a multiplicity of positions
distributed around the periphery of the structure; the
control system comprising gas deflecting means asso-
ciated with the nozzle and operable to variably control the
flow characteristics of the propulsive gas discharged from
the nozzle at any selected position of said multiplicity
of positions; a rotor rotatable about a spin axis and be-
ing mounted within the structure to have a neutral posi-
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tion relative to the body structure, the rotor having a lim-
ited degree of universal movement; biasing means asso-
" ciated with the rotor to bias it to its neutral position and
to allow relative movement between the rotor and the
body structure with consequent tilting of the rotor from its
neutral position when the aircraft acquires a rotational
velocity about a turn axis lying normal to the spin axis;
a link system interposed between the rotor and the gas
deflecting means to operate the latter in response to tilt
of the rotor from its neutral position and in a manner
determined by the tilted position of the rotor; individual
links of the system being operatively coupled to cor-
related portions of the gas deflecting means spaced around
said periphery; operation of the gas defiecting means as
the result of a disturbance which imparts rotational ve-
locity to the aircraft about a turn axis controlling the
flow characteristics of the propulsive gas discharged from
the outlet nozzle to reduce the divergence of the aircraft
incident upon said disturbance; and pilot operated means
to ‘operate all of said portions of the gas deflecting means
in unison.

7. A control system for an aircraft having a body struc-
ture;, engine means within the structure to provide pro-
pulsive gas; and an outlet nozzle arranged to discharge
the propulsive gas at a multiplicity of positions distributed
around the periphery of the structure; the control system
comprising gas deflecting means associated with the nozzle
and operable to variably control the flow characteristics
of the propulsive gas discharged from the nmozzle at any
selected position of said multiplicity of positions; a rotor
rotatable about a spin axis and having a neutral position
relative to the body structure, the rotor being mounted
within the structure to have a limited degree of universal
movement; biasing means associated with the rotor to
bias it to its neutral position and to allow relative move-
ment between the rotor and the body structure with con-
sequent tilting of the rotor from its neutral position when
the aircraft acquires a rotational velocity about a turn
axis lying normal to the spin axis; pilot operated means
to apply a tilting moment to the rotor in a desired direc-
tion; and a link system interposed between the rotor and
the gas deflecting means to operate the latter in response
to tilt of the rotor from its neutral position and in a man-
ner determined by the tilted position of the rotor; in-
dividual links of the system being operatively coupled
to correlated portions of the gas deflecting means spaced
around said periphery; operation of the gas deflecting
means as a result of a disturbance which imparts a ro-
tational velocity to the aircraft about a turn axis con~
trolling the flow characteristics of the propulsive gas dis-
charged from the outlet nozzle to reduce the divergence
of the aircraft incident upon said distarbance and opera-
tion of said pilot means causing the rotor to tilt and op-
erate the gas deflecting means to disturb the aircraft and
to impart thereto a rotational velocity about a turn axis.

8. A control system for an aircraft having a body struc-
ture; engine seans within the structure to provide pro-
pulsive gas, the engine means including a rotor rotatable
about a spin axis and having a neutral position relative
to the body structure, the rotor having a limited degree
of universal movement; a gas displacement passage along
which the propulsive gas is impelled by the rotor; and an
outlet nczzle communicating with the gas displacement
passage and arranged to discharge the propulsive gas at a
multiplicity of positions distributed around the periphery
of the structure; the control system comprising biasing
means associated with the rotor to bias it to its neutral
position and to allow relative movement between the rotor
and the body structure with consequent tilting of the rotor
from its meutral position when the aircraft acquires a
rotational velocity about a turn axis lying normal to the
spin axis; gas deflecting means associated with the nozzle
and operable to variably control the flow characteristics
of the propulsive gas discharged from the nozzle at any
selected position of said multiplicity of positions; pilot
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operated means to apply a tilting moment to the rotor in
a desired direction; and a link system interposed between
the rotor and the gas deflecting means to operate the latter
in response to tilt of the rotor from its neutral position
and in a manner determined by the tilted position of the
rotor; individual links of the system being operatively
coupled to correlated portions of the gas deflecting means
spaced around said periphery; operation of the gas deflect-
ing means as a result of a disturbance which imparts a rota-
tional velocity to the aircrafi about a turn axis controlling
the flow characieristics of the propulsive gas discharged
from the outlet nozzle to reduce the divergence of the
aircraft incident upon the disturbance and operation of
said pilot operated means causing the rotor to tilt and
operate the gas deflecting means to disturb the aircraft
and to impart thereto a rotational velocity about a turn
axis.

9. A control system for an aircraft having a body struc-
ture: engine means within the structure to provide propul:
sive gas; and an ottlet nozzle to discharge the propulsive
gas at a multiplicity of positions distributed around the
periphery of the structure; the control system comprising
gas deflecting means associated with the nozzle and oper-
able to variably control the flow characteristics of the pro-
pulsive gas discharged from the nozzle at any selected
position of said multiplicity of positions; a rotor rotatable
about a spin axis and having a neutral position relative
to the body structure, the rotor being mounted within
the structure to have a limited degree of universal move-
ment; biasing means associated with the rotor to bias it
to its neutral position and to allow relative movement be-
tween the rotor and the body structure, with consequent
tilting of the rotor from its neutral position and applica-
tion of a gyro-couple to the aircraft, when the aircraft
acquires a rotational velocity about a turn axis lying nor-
mal to the spin axis; first pilot operated means to apply a
tilting moment to said rotor in a desired direction; a link
system interposed between the Totor and the gas deflecting
means to operate the latter in response to tilt of the rotor
from its neutral position and in a manner determined by
the tilted position of the rotor; individual links of the
system being operatively coupled to correlated portions
of the gas deflecting means spaced around the periphery
and links operatively coupled to peripherally opposite
portions of the gas deflecting means being interconnected;
the response of the link system to tilt of the rotor causing
operation of opposite peripheral portions of the gas deflect-
ing means lying adjacent to a control plane which contains
the position of the spin axis corresponding to the neutral
position of the rotor and is advanced in the direction of
rotation of the rotor by a phase angle « relative to the
plane containing the positions of the spin axis correspond-
ing to the neutral and tiited positions of the rotor, the
phase angle having a value of between 0° and 90° in-
clusive; and second pilot operated means to operate all of
said portions of the gas deflecting means in unison; opera-
tion of the gas deflecting means as a result of a disturb-
ance which imparts a rotational velocity to the aircraft
about a turn axis controlling the flow characteristics of
the propulsive gads discharged from peripherally opposite
portions of the outlet nozzle to apply a couple to the air-
craft to reduce the divergence of the aircraft incident
upon said disturbance, the couple having a first compo-
nent proportional to cosine « and which amplifies said
gyro-couple and the second comiponent proportional to
sine « and which directly opposes said rotational velocity;
and operation of said first pilot operated means causing
the rotor to tilt and operate the gas deflecting means to
disturb the aircraft and to impart thereto a rotational
velocity about a turn axis.

10. A control system for an aircraft having a body
structure; engine means within the structure to provide
propulsive gas, the engine means including a rotor ro-
tatable about a spin axis and having a neutral position
relative to the body structure, the rotor having a limited
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degree of universal movement; a gas displacement pas-
sage along which the propulsive gas is impelled by the
rotor; and an outlet nozzle communicating with the gas
displacement passage and arranged to discharge the pro-
pulsive  gas at a multiplicity of positions distributed
around the periphery of the structure; the control system
comprising biasing means associated with the rotor to
bias it to its neutral position and to allow relative move-
ment between the rotor and the body structure, with con-
sequent tilting of the rotor from its neutral position and
application of a gyro-couple to the aircraft, when the air-
craft acquires a rofational velocity about a turn axis
lying normal to the spin axis; first pilot operated means
to apply a tilting moment to the rotor in a desired di-
rection; a link system .interposed between the rotor and
the gas deflecting means to operate the latter in response
to tilt of the rotor from its neutral position and in a man-
ner determined by the tilted position of the rotor; indi-
vidual links of the system being operatively coupled to
correlated portions of the gas deflecting means spaced
around the periphery and links operatively coupled to
peripherally opposite portions of the gas deflecting means
being interconnected; the response of the link system to
tilt of the rotor causing operation of opposite peripheral
portions of the gas deflecting means lying adjacent to a
control plane which contains the position of the spin axis
corresponding to the neutral position of the rotor and is
advanced in the direction of rotation of the rotor by a
phase angle « relative to the plane containing the posi-
tions of the spin axis corresponding to the neutral and
tilted positions of the rotor, the phase angle having a
value of between 0° and 90° inclusive; and second
pilot operated means to operate all of said portions of
the gas deflecting means in unison; operation of the gas
deflecting means as a result of a disturbance which im-
paris a rotational velocity to the aircraft about a turn
axis controlling the flow characteristics of the propulsive
gas discharged from peripherally opposite portions of
the outlet nozzle to apply a couple to the aircraft to re-
duce the divergence of the aircraft incident upon said dis-
turbance, the couple having a first component propor-
tional to cosine « and which amplifies said gyro-couple
and a second component proportional to sine « and
which directly opposes said rotational velocity; and op-
eration of said first pilot operated means causing the
rotor to tilt and operate the gas deflecting means to dis-
turb the aircraft and to impart thereto a rotational ve-
locity about a turn axis.

11. A conrol system according to claim 10, inchuding
a control shaft arranged for rocking movement about a
fulcrum fixed relatively to the body structure; means
interconnecting one end of the control shaft and the
rotor; a plurality of bell-cranks pivotally mounted on the
control shaft; and an abutment movable relatively to the
coatrol shaft and co-operating with the bell-cranks to
move the bell-cranks in unison; and wherein the link
system comprises mechanical links radiating outboardly
from ‘the control shaft, each link being conmected at its
inboard end to one of said bell-cranks.

12. A control system according to clajim 10, wherein
the first pilot operated means includes a pilot’s control
column; a plurality of fluid conduits associated with the
column, means associated with the column to vary the
relative fluid pressures in said conduits upon movement
of the column and a plurality of actuators connected to
said conduits and arranged to apply a tilting moment to
the rotor.

13. A control system according to claim 11, wherein
the first pilot operated means comprises a pilot’s control
column; a plurality of fiuid conduits associated with the
column, means associated with the column to vary the
relative fluid pressures in said conduits upon movement
of the column and a plurality of actuators comnected to
said conduits and arranged to apply a tilting moment to
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said control shaft in a desired direction and thus apply
a tilting moment to the rotor. -

14. A control system according to claim 13, wherein
the rotor is mounted in the body structure on spherical
bearings arranged below the center of gravity of the rotor.

15. A control system for an aircraft having a lentiform
body structure -sheathed by opposed aerofoil surfaces
which provide lift developing surfaces; engine means
within the structure to provide propulsive gas, the en-
gine means including a rotor rotatable about a spin axis
and having a meutral position relative to the body struc-
ture, the rotor having a limited degree of universal move-
ment; a gas displacement passage along which the pro-
pulsive gas is impelled by the rotor; and an outlet nozzle
communicating with the gas displacement passage and
arranged to discharge the propulsive gas at a multiplicity
of positions distributed around the periphery of the
structure; the control system comprising biasing means
associated with the rotor to bias the rotor to its meutral
position and to allow relative movement between the
rotor and the body structure with consequent tilting of
the rotor {rom its neutral position when the aircraft
acquires a rotational velocity about a furn axis lying
normal to the spin axis; gas deflecting means associated
with the nozzle and operable to variably control the flow
characteristics of the propulsive gas discharged from the
nozzle at any selected position of said multiplicity of
positions; and a link system interposed bstween the rotor
and the gas deflecting means to operate the latter in re-
sponse to tilt of the rotor from its neutral position and
in a manner determined by the tilted position of the rotor;
individual links of the system being operatively coupled
to correlated portions of the gas deflecting means spaced
around said periphery; operation of the gas deflecting
means as a result of a disturbance which imparts a ro-
tational velocity to the aircraft about a turn axis con-
trolling the flow characteristics of the propulsive gas
discharged from the outlet nozzle to reduce the divergence
of the aircraft incident upon said disturbance.

16. A control system for an aircraft having a lentiform
body structure sheathed by opposed aerofoil surfaces
which provided lift developing surfaces; engine means
within the structure to provide propulsive gas, the engine
means including a rotor rotatable about a spin axis and
having a neutral position relative to the body structure,
the rotor having a limited degree of universal movement;
a gas displacement passage along which the propulsive gas
is impelied by the rotor; and an outlet nozzle communicat-
ing with the gas displacement passage and arranged to dis-
charge the propulsive gas at a multiplicity of positions
distributed around the periphery of the structure; the con-
trol system comprising biasing means associated with the
rotor to bias the rotor to its neutral position and to allow
relative movement between the rotor and the body struc-
ture, with consequent tilting of the rotor from its neutral
position and application of a gyro-couple to the aircraft,
when the aircraft acquires a rotational velocity about a
torn axis lying normal to the spin axis; gas deflecting
means associated with the nozzle and operable to variably
control the flow characteristics of the propulsive gas dis-
charged from the nozzle at any selected position of said
multiplicity of positions; and a link system interposed
between the rotor and the gas deflecting means to operate
the latter in response to tilt of the rotor from its neutral
position and in a manner determined by the tilted position
of the rotor; individual links of the system being opera-
tively coupled to correlated portions of the gas deflecting
means spaced around said periphery and links operatively
coupled to peripherally opposite portions of the gas de-
flecting means being interconnected; the response of the
link system to tilt of the rotor causing operation of op-
posite peripheral portions of the gas deflecting means lying
adjacent to a control plane which contains the position of
the spin axis corresponding to the neutral position of the
rotor and is advanced in the direction of rotation of the
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rotor by a phase angle « relative to the plane containing
the positions of the spin axis corresponding to the neutral
and tilted positions of the ro:or, the phase angle having a
value between 0° and 90° inclusive; operation of the gas
deflecting means as the result of a disturbance which im-
parts a rotational velocity to the aircraft about a turn axis
controlling the flow characteristics of the propulsive gas
discharged from peripherally opposite portions of the ont-
let nozzle to apply a couple to the aircraft to reduce the
divergence of the aircraft incident upon said disturbance,
the couple having a first component proportional to cosine
« and which amplifies said gyro-couple and a second com-
ponent proportional to sine « and which directly opposes
said rotational velocity.

17. A control system for an aircraft having a lentiform
body structure sheathed by opposed aerofoil surfaces
which provide lift developing surfaces; engine means with-
in the structure to provide propulsive gas, the engine
means including a rotor rotatable about a spin axis and
having a neutral position relative to the body structure,
the rotor having a limited degree of universal movement;
a gas displacement passage along which the propulsive gas
is impelled by the rotor; and an outlet nozzle communicat-
ing with the gas displacement passage and arranged to dis-
charge the propulsive gas at a multiplicity of positions dis-
tributed around the periphery of the structure; the control
system comprising biasing means associated with the rotor
to bias it to its neutral position and to allow relative move-
ment between the rotor and the body structure, with con-
sequent tilting of the rotor from its neutral position and
application of a gyro-couple to the aircraft, when the air-
craft acquires a rotational velocity about a turn axis lying
normal to the spin axis; first pilot operated means to apply
a tilting moment to the rotor in a desired direction; a link
system interposed between the rotor and the gas deflecting
means to operate the latter in response to tilt of the rotor
from its neutral position and in a manner determined by
the tilted position of the rotor; individual links of the
system being operatively coupled to correlated portions of
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the gas deflecting means spaced around the periphery and
links operatively coupled to peripherally opposite portions
of the gas deflecting means being interconnected; the
response of the link system to tilt of the rotor causing
operation of opposite peripheral portions of the gas de-
flecting means lying adjacent to a control plane which
contains the position of the spin axis corresponding to the
neutral position of the rotor and is advanced in the direc-
tion of rotation of the rotor by a phase angle « relative
to the plane containing the positions of the spin axis
corresponding to the neutral and tilted positions of the
rotor, the phase angle having a value of between 0° and
90° inclusive; and second pilot operated means to operate
all of said portions of the gas deflecting means in unison;
operation of the gas deflecting means as a result of a dis-
turbance which imparts a rotational velocity to the air-
craft about a turn axis controlling the flow characteristics
of the propulsive gas discharged from peripherally op-
posite portions of the outlet nozzle to apply a couple to
the aircraft to reduce the divergence of the aircraft in-
cident upon said disturbance, the couple having a first
component proportional to cosine « and which ampli-
fies said gyro-couple and a second component proportional
to sine « and which directly opposes said rotational
velocity; and operation of said first pilot operated means
causing the rotor to tilt and operate the gas deflecting
means to disturb the aircraft and to impart thereto a rota-
tional velacity about a turn axis.
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