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1

VERTICAL_ TAKEOFF AND LANDING AIRCRAFT

BACKGROUND OF THE INVENTION
5 Airplanes or helicopters having propellers or rotors

located symmetrically on both sides of the aircraft and
capable of being rotated 90° upward from a horizontal
position of axis are known as tilt-rotor/tilt-propeller
aircraft. The propellers' or rotors' vertical axis
10 positioning directs airflow downward and thrust upward and
allows the aircraft to more in a purely vertical plane or to
simply hover. Positioning the propellers' or rotors' axis
horizontally directs the thrust forward and allows for level
flight. In this latter configuration, lift is provided by the
15 relative flow of air around lifting surfaces, such as wings
or horizontal stabilizers. In between the strictly vertical
and strictly horizontal axis orientations, any tilt angle can
be obtained, resulting in various corresponding oblique
flight paths and acceleration-deceleration phases known as
20 ' forward and backward transitions.

Such aircraft combine a helicopter's slow flight
capability with its ability to take-off or land vertically
and a conventional airplane's capacity for high-speed level
flight. An airplane can attain about twice the speed of a

25 typical helicopter, over 500 km/h (300 miles per hour) as
opposed to less than 250 km/h (170 miles per hour) for a
helicopter. However, a typical prior art tilt-rotor
aircraft's inherent mechanical and structural complexity
increases its empty weight over that of a similarly sized

30 airplane while also increasing production cost. Furthermore,
such an aircraft's development in terms of aerodynamic
qualities, stability, flight dynamics and control is made
more difficult due to the effects, at slow speeds, of the
mass of air displaced by the propeller around the aircraft's

35 various lifting surfaces. This mass of air is known as
propeller wash, or simply prop wash.
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10 propellers are tilted. As long as the horizontal velocity and.
resulting lift from the conventional lifting surfaces have
relatively low values, most of the lift is provided by the
propellers or rotors themselves. Because of this phenomenon,
the propellers will tilt forward very slowly as the aircraft

15 begins to transition to level flight, then faster as the
wings begin to provide more of the lift. On the contrary, the
tilt angle of the wash caused by the propellers varies
rapidly at first but slows down as the aircraft transitions
from vertical to horizontal flight.

20 Up to this time, in the prior art, the following two
configurations have been used to try to avoid the problem
caused by the different rates at which the propellers
themselves and their resulting wash tilt with respect to the
wing :-

25 a) The horizontal wing is permanently attached to the
aircraft and the propellers themselves rotate upwards.
However, this configuration has a major disadvantage. When
the propellers are in the vertical position, the prop wash
acts directly downward onto the wing and creates a downward

30 force which can be compared to a negative lift. This loss in
lift effectively reduces the aircraft's useful load.

b) The horizontal wing is permanently attached to the
propellers and pivots as the propellers do. This eliminates
the negative lift problem but causes another one. When the

35 wing is pivoted up and the aircraft still has horizontal
velocity, the entire surface of the wing is placed directly
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sinply prop wash. 2) The tilting mechanism
In a tilt-rotor helicopter, pitching motion is achieved
5 by varying the rotors' cyclic pitch. In a tilt-propeller
airplane, said pitching motion is achieved by varying the
thrust of a vertical axis auxiliary tail rotor, when such is
employed. In all cases, tilting motion of the propellers or
rotors in prior art tilt-propeller or tilt-rotor aircraft is
10 achieved using a wing-mounted or fuselage-mounted servo-
actuator. Needless to say, this actuator must be of the
utmost reliability. Should this mechanism fail, the aircraft
on which it is installed would have great difficulty landing
due to the fact that the propellers or rotors would remain in
15 the level flight configuration and because of their large
diameter, strike the ground as the aircraft tried to land.
3) Combining roll and yaw controls
Anti-symmetric motion, namely roll and yaw, is generally
controlled by variations of propeller pitch and tilt angle.
20 For aircraft on which the entire wing pivots with the
propellers, rolling and yawing motion is controlled using
flaps placed on the wing upon which the propellef wash acts.
However, the effect of these controls varies with the tilt
angle of the propellers or wing, depending on whether they
25 are completely vertical, completely horizontal, or somewhere
in-between. During vertical flight, changing the propeller
pitch affects the aircraft's roll rate, but during level
flight, changes in pitch affect the aircraft's yaw rate.
Similarly, tilting the progellers or tilting the wing flaps,
30 if any, causes changes in yaw but causes changes in roll in
level flights. Combining these controls so that a pilot can
easily comprehend and manipulate them is quite complicated,
and therefore computer-controlled digital flight controls are
necessary.
35 These three design problems have been dealt with in prior
art tilt-rotor aircraft using extremely complicated and
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The following prior art is know to Applicant :
United States Patent 1,981,700 to Hoffman
United States Patent 3,289,980 to Hill

United States Patent 3,358,946 to Shye

United States Patent 3,409,248 to Bryan
United States Patent 3,488,018 to Johnson
United States Patent 4,541,593 to Cabrol
United States Patent 4,641,800 to Ruban
United States Patent 4,881,701 to Bullard
United States Patent 5,320,306 to Gennaro
United States Patent 5,419,514 to Ducan

The present invention patentably distinguishes from these

references, taken alone or in combination, in that, the

present invention contemplates a particular configuration of

the wing, horizontal stabilizer, mounts for the propellers,

control techniques and mode of actuation thereof nowhere

25 taught or suggested in the prior art.

SUMMARY OF THE INVENTION
The present invention relates to a vertical takeoff and

landing aircraft. The present invention includes the

30 following objects, aspects and features :

1) The first important design characteristic deals with

the placement of the propeller, wings, and horizontal

stabilizer of the aircraft. These three items are divided
into three distinct assemblies.

35

a) Each of the propellers is attached to a short, fixed

boom. The boom is positioned halfway up the fuselage and
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b) The aircraft's wing is fixed and cannot be tilted. It
is of a "parasol-type" configuration and is attached to the
fuselage by means of single of dual oblique pylons. On each
wingtip is an inverted fin. The wing is located at the rear

10 of the aircraft, behind the axis of the propellers in order
to be completely unaffected by prop wash.

c) The horizontal stabilizer is located at the front of
the airplane, in the form of canards. This positioning
compensates for the extreme rearward location of the wing and

15 helps bring neutral point to a position near that of the
small propeller-bearing booms. Each canard contains a single
flap which the pilot can use to vary the aircraft's
aerodynamic moment.

The purpose for this setup is to eliminate the prop wash

20 problem as described in the BACKGROUND OF THE INVENTION among
the design considerations; The wing remains fixed and is
unaffected by the prop wash. This configuration eliminates
the negative lift problem encountered during vertical flight,
as well as the occurrence of high angles of attack during

25 transitions between flight modes. The only disadvantage found
in this configuration is the added drag produced by the
booms. However, since the wing itself is free of flaps and
other protrusions, it generates virtually no excess drag, and
therefore makes up for the minimal drag created by the booms.

30 2) A second important design characteristic has to do
with the propellers themselves. The propeller blades, which
are attached to a central hub, can have their general
(collective) pitch varied as is the case with most propeller
driven aircraft. This means that the three (or more) blades

35 can have their pitches varied altogether to the same degree
resulting in a variation of the propeller's thrust.
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function of the blade azimut. A sine function, with 0°
reference to the rearward direction when propeller axis is
vertical, increases the pitch on the outer half and decreases
the pitch on the inner half of the propeller disk, and will

10 be called, in this application, a lateral cyclic pitch
variation. A cosine function, with the same reference
increases the pitch on the rear half and decreases it on the
front half of the propeller disc, and will be called a
longitudinal cyclic pitch variation. Unlike a regular

15 helicopter, however, the blades are not free to flap up and
down. They are not hinged ; they are rigidly and rotatably
attached to the hub. As a result of this rigidity, the cyclic
pitch variation does not produce a tilting of the propeller
and of its thrust, relafive to the hub, as in hinged

20 helicopter rotors, but, rather, produces an aerodynamic
moment applied to this hub by the blades (or an equivalent
radial displacement of the resulting thrust).

3) The third important design characteristic deals with
the tilting of the propellers. The tilting of the propellers

25 is not controlled by any type of servo-actuator. The
propellers are free to tilt on their own, based on an applied
moment resulting from changes in the cyclic pitch of the
propeller blades. This phenomenon will be further explained
hereinbelow.

30 In the propellers, freedom to tilt upward and downward
without the intervention of any mechanical actuator device is
however limited by an assembly which performs the following
four tasks :

a) Linkage : a linkage rod connected to each propeller

35 turns as the propellers tilt and ensures that the tilting
angle of the propellers is the same ; it transmits the
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roll”and yaw, is generally controlled by variations of propeller
pitch and tilt angle. 20 For aircraft on which the entire wing pivots
with the propellers, rolling and yawing notion is controlled using
flaps placed on the wi ng upon which the propeller wash acts.

However, the effect of these controls varies with the tilt angl e of
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conpl i cat ed anls part of the central device.
c) To ensure that the propellers stay within the 0° to
10 90° tilting range :

i) The central device has a blocking mechanism to ensure
that the propellers do not tilt more than 90°, which is to
say that they do not tilt backward once their axis is
oriented vertically. The blocking mechanism consists simply

15 of a stop which the central devices comes to rest against
once the propellers are in the vertical position.

ii) When the axis of the propellers is in the horizontal
position, at 0°, a pilot-controlled locking mechanism is used
to lock each propeller nacelle onto its boom, thus preventing

20 the propellers from tilting.

d) Braking the tilting of the rotors : the central device
includes a hydraulic damping system that contains an extra
device that allows the pilot to suppress the tilting freedom
of the: propellers and to hold, for a period of time, the

25 propellers' tilt angle at any intermediary angle between the
0° and 90° positions. As an option, the braking system can be
eliminated if the pilot does not intend to fly the aircraft
at slow speeds, 20-30 m/s (65-100 feet per second), for
extended periods of time, which would require the propellers

30 to be maintained at a tilt angle other than 0° or 90°.

Accordingly, it 1is a first object of the present
invention to provide a vertical takeoff and landing (VTOL)

aircraft.
It is a further object of the present invention to
35 provide such a device wherein the wings of the aircraft are

mounted at the rear thereof and the horizontal stabilizer is



4 intricate systens. The high cost of this conplexity limts

the use of these aircraft to very specific tasks. Furthernore, the
hi gh cost of this |level of conplexity makes it inpossible for
tilt-rotor technology to be applied to 5 smal | general aviation-type
aircraft which constitute the majority of the aircraft market.

The present invention incorporates new solutions to these three
desi gn probl ens. The follomnng %r|or art is know to Applicant
10 United States Patent 700 _to Hof f man United
States Patent BoyRtedaat:} FﬂFF°nt K: ereof. yited States Patent 3,358, 946
to Shye It is a still further object of the present invention to

provide such an aircraft wherein the propellers thereof are
mounted on supports separate from the wings thereof.

5 It is a still further object of the present invention to
provide such an aircraft wherein control means is provided to
tilt the propeller axes between the horizontal and vertical
directions without the use of any type of servo-actuator.

It is a still further object of the present invention to
10 provide such an aircraft wherein anti-symmetric roll and yaw
control means do not interchange between hover and level
flight.
These and other objects, aspects and features of the
present invention will be better understood from the
15 following detailed description of the preferred embodiment
when read in conjunction with the appended drawing figures.

BRIEF DESCRIPTION OF THE DRAWINGS
Figures 1-12 sequentially depict the various modes of

20 operation of the present invention from sitting on a Tarmac,
to vertical lift-off, to transition to horizontal flight, to
horizontal flight, to transition from horizontal flight to
vertical descent, to vertical descent, to landing.

Figure 13 combines together Figures 1-6 in a single

25 sequence.

Figure 14 combines together Figures 7-12 in a single
sequence. _

Figure 15 depicts the forces resulting from lateral
cyclic pitch variations during hover with the axes of the

30 propellers in the vertical position.

Figure 16 depicts the forces resulting from 1lateral
cyclic pitch variations during translational flight with the
propeller axes in the horizontal position.

Figure 17 shows a perspective view of the inventive

35 aircraft looking from above the front left side thereof.

Figure 18 shows a rear view of the left-hand propeller
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SPECIFIC DESCRIPTION OF THE PREFERRED EMBODIMENT
With reference, first, to Figure 17, the inventive
airplane is generally designated by the reference numeral 10

and includes a fuselage 11 having a cabin section 13 with a
canopy 15 that may be opened in a manner well known to those
skilled in the art to allow access to the cabin 14. The
fuselage 11 has a forward end 12 and a rearward end 16.

At the rear of the cabin 14, engine means comprising one
or more engines is/are located. One of the engines is shown
schematically and is designated by the reference numeral 17.
At the rear of the aircraft 10, a single wing 19 is mounted
onto the fuselage 11 by fixed pylons 21 and 23. As can be
seen in Figure 17, the wing 19 has a generally V-shaped
configuration and includes vertical fins 25 which depend
downwardly from the extreme ends of the wing 19.

Each side of the fuselage 11 has mounted thereto a
support boom with these support booms being respectively
designated by the reference numerals 27 and 29. Each boom has
an end distal from the fuselage 11 which includes a pivot 31
to which is pivotably attached a propeller nacelle with the
left-hand nacelle being designated by the reference
numeral 33 and with the right-hand nacelle being designated
by the reference numeral 35. Each nacelle 33, 35 carries a
rotary propeller 37 which may be rotated by the engines 17 in
a manner to be described in greater detail hereinafter.

At the forward end of the fuselage 11, a horizontal
stabilizer 40 is provided which includes two parallel,
oppositely directed canards 41, each of which carries a
single pivotable flap 43 that may be operated by the pilot in

S
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into three distinct assenblies. 35 a) Each of the propellers is

attached to a short, fixed boom The boomis positioned hal fway up

t he fusel age and 5

slightly aft of the aircraft's center of gravity. The boon s pur pose
Is entirely structural. Consequently, its cross- section is the
smal | est possible to ensure that it can performits structural
function, which is to serve as a mount 5 10 for the propel | ers.

b) The aircraft's wing is_fixed d t be.til . [
"parasol-type"acBﬁPP@%rHF?%kﬁaﬂHngogggggﬁeﬁﬁf%i?éggn the are. SO0 @

10

15

20

25

30

35

As explained above, Figures 18 and 19 show rear and front
views, respectively, of the left-band propeller nacelle 33.
With reference to Figures 18 and 19, each propeller nacelle
includes the components described hereinbelow.

Transmission means includes a transmission box 47
containing two conical gears 49 and 51 which cooperate so
that rotations of the drive shaft 45 connected with one of
the engines 17 are changed to rotations at a right angle
thereto so that the propellers 37 may be suitably rotated.
The propeller shaft 53 is hollow and is connected to a
propeller hub 55 that includes, in the embodiment shown,
three rigid spindles 57, each of which rotatably supports a
propeller blade 59. The inventive aircraft includes pitch
varying means.

With particular reference to Figure 18, each blade has at
its root an insert 61 which is connected to the respective
spindle 57 by two bearings, one of which is designated by the
reference numeral 63 and is a journal bearing and the other
of which is designated by the reference numeral 65 and is a
deep race oblique contact ball bearing. This bearing 65
absorbs centrifugal forces and the two bearings absorb forces
and movements resulting from aerodynamic lift and drag while
permitting each blade to controllably rotate about the
spindle 57 to which it is mounted to permit pitch variation.

With reference to Figure 19, the lever 67 traverses the
axis of each propeller blade and is attached to the root of
each blade to control its pitch. With reference to Figures 18
and 19, the collective pitch control assembly consists of an
internal rod 69 which runs through the hollow propeller
shaft 53 and protrudes from both ends thereof. At the rear
end of the hollow propeller shaft, the rod 69 is axially
actuated by a double mechanism 71 consisting of a screw and
nut assembly which itself is actuated by a torsionally rigid
rod 73 gimbled at 74 and 76 which acts identically on the
left-hand and right-hand propellers 37 to keep their pitch
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additionally includes another plate that rotates with the
10 propeller and includes as many arms as there are propeller
blades 59.

On each blade, a pitch varying control lever 77 carries
out the sum of the cyclic and collective pitch changes
commanded by the pilot. At one end 87, the lever is attached

15 to the blade pitch lever 67 using a small linkage rod. At the
other end thereof, as designated by the reference numeral 89,
the pitch control lever 77 is connected to the rotating
plate 83 also employing a small linkage rod.

At a point near its mid-point, as designated by the

20 reference numeral 91, the pitch control lever 77 is connected
to the star-shaped assembly 75 of the collective pitch
control. This arrangement of the star-shaped assembly 75,
swash-plate 79, pitch control lever 77 and small linkage
rods, forms the collective and cyclic pitch variation means

25 hereinabove described. '

with the swash-plate 79 in its neutral position, its
rotating plate 83 is perpendicular to the propeller axis and
does not transmit to the end 89 of the pitch control lever
any axial motion. As such, this end 89 remains still. The

30 star-shaped assembly 75 axially moves the mid-point 91 of the
pitch control lever 77 and consequently its end 87 and the
attached blade pitch lever 67, an equal distance for each
blade, achieving the so-called collective pitch variation.

At any position of this star-shaped assembly 75, and

35 value of blade collective pitch, if the swash-plate 79 is
tilted from its neutral position by the pilot, the rotating



30

2) A second inportant design characteristic has to do

with the propellers thensel ves. The propeller blades, which are
attached to a central hub, can have their general (col l ective)

pitch varied as is the case with nost propeller driven aircraft.
This means that the three (or nore) blades 35 can have their pitches
varied altogether to the sane degree resulting in a variation of
the propeller's thrust. 12 6

Furt her nor e,

each bl ade can al so have its cyclic pi
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tch
both the |ongi plataaP3amavest dpale Pazaldel; anner. Thetyp e 3T, eRds (GE
case W th nostpigtbC9B8t RaGe €81 Eo0TY6W| Caxially, a sine or cosine function

10

15

20

25

30

35

of their azimut. The axial motion of each arm end is
transmitted to the end 89 of the pitch control lever 77 by
the small rod, and from there to the end 87 of same lever 77
of which the mid-point 91 keeps the same given position as
the star-shaped assembly 75, and eventually to the blade
pitch lever 67. The choice by the pilot of the phase and
amplitude of swash-plate 79 tilting allows him to give to the
propellers the above-described lateral and Ilongitudinal
cyclic pitch variation. ' _

In accordance with the teachings of the present
invention, the propellers 37 tilt about a pivot 93 without
the need for any mechanical actuator but rather for a passive
assembly. This assembly includes a torsion rod 95 that makes
up an elastic linkage. This torsion rod 95 transmits the tilt
angle of the propellers 37 to the central assembly by way of
a rack and pinion mechanism with the rack being designated by
the reference numeral 97 and with the pinion being designated
by the reference numeral 99. The torsional elasticity of
rod 95 allows for a tilting differential of about 2° to 3° of
each propeller with respect to the other. As best seen in
Figure 19, the rack 97 is connected to a rod 101 that has
connected thereto damping means comprising a damping
piston 103 that reciprocates within a hydraulic cylinder 105
having its ends interconnected wvia passageways oOr
conduits 107 and 109 interconnected by a calibrated
nozzle 111. The diameter of the nozzle is narrow enough to
allow only small leak between both ends of the cylinder, and
consequently, a slow rate of propeller tilt. A valve 113 is
provided in the passageway 107 and may be controlled by the
pilot in a manner well known to those skilled in the art to
comprise a brake means or braking system which, when closed,
prevents movement of the rack 97 and thereby the pinion 99,
A bloking mechanism is provided to keep the propellers from
tilting past the 90° position, which blocking mechanism



pitch variation neans that each of the three (or nore) blades 5 can

have their pitches varied according to a sine or cosine functi on of
the blade azimut. A sine function, with O[err] reference to the
rearward direction when propeller axis is vertical, increases the
pitch on the outer half and decreases the pitch on the inner half of
the propeller disk, and will 10 be called, in this application, a
lateral cyclic pitch variation. A cd® ne function, with the same
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by any type of sWith-aceference Thw Figure 20, control means for

10 controlling operation of the aircraft includes the pilot's

control stick 121 which is connected to a ball and socket

type joint 123 that allows the stick to be moved front to

back, left to right, and to be rotated along its own axis,

The control stick 121 is directly connected to the cyclic

15 control mechanisms located in the propeller nacelles by four

flexible ball bearing control drives. Two of the drives,

designated by the reference numeral 125, are connected

underneath the cockpit floor boards to the bottom part of the

stick and are actuated by left and right motions of the stick

20 121. The ends 127 of the drives 125 located in the propeller

nacelles act on the lateral cyclic pitch control plates with

exact compensation for the fact that the cyclic pitch control

lever end 89 is out of phase'wifh the actual blade azimut,

i.e. about 45° in Figure 20. The two other drives are

25 designated by the reference numeral 129 and are connected

under the floor board of the cabin to a small transverse

lever mechanism 131 which itself is connected to the stick

121 and which moves as the stick is moved from front to back

or is rotated. The ends 133 of the drives 129 located in the

30 propeller nacelles act on the longitudinal cyclic pitch
control plates, as explained hereinabove.

As will be explained in greater detail hereinbelow, these
simple control connections are all that is necessary for all
of the inflight maneuvers needed to fly the inventive

35 airplane 10. Left and right motion of the stick 121 actuates
anti-symmetric changes in the lateral pitch control plates



propellers are free to tilt on their own, based on an applied nmonment

resdlting fromchanges in the cyclic pitch of the propel | er bl ades.
Thi s phenonenon will be further explained her ei nbel ow. 30 In
the propellers, freedomto tilt upward and downward wi t hout the

I ntervention of any nechani cal actuator device is however limted by
an assenbly which perfornms the foll ow ng four tasks : a)
Li nkage : a |linkage rod connected to each pfopeller 35 turns as the

ropellers tilt and ensures that the tiltin angl e. of the
Ps Fhe sane ; therehyisgreating a rolling mogent which gofls the a ;gggké?rs

7 Forward and backward motion of the stick actuates symmetrical
changes to the longitudinal pitch control plates thereby
creating the pitching moment which allows the aircraft to

5 pitch up and down. The same motion of the control stick 121
also allows for modification of the tilt angle of the
propellers assuming that the brake valve 113 has beeen opened
as explained herein. Rotating the control stick 121 actuates,
through the transverse lever 131, anti-symmetrical changes to

10 the longitudinal pitch control which, due to the elasticity
of the torsion rod 95, in turn changes the tilt angle of the
propellers and the direction of their prop wash. This creates
the yawing moment necessary during low speed flight and
during transitions between flight modes. Rotation of the

15 control stick 121 replaces the rudder pedals found in a
traditional airplane. If desired, however, rudder pedals
could be installed and would therefore be connected to the
transverse lever 131 in a manner well known to those skilled
in the art. However, the configuration disclosed herein

20 allows the pilot to fly the aircraft 10 with only one hand as
opposed to using one hand and the pilot's feet. Variable
degrees of response sensitivity to control inputs can be
selected by carefully selecting the lengths of levers at both
ends of the drive mechanisms 125 and 129, as known to those

25 skilled in the art.

With the above description of the present invention in
mind, with reference to Figures 17-20, reference is now made
to Figures 1-16 so that understanding of all operations of
the inventive airplane 10 may be had.

30 The following descriptions of pitch control and
transition maneuvers as well as roll and yaw control will
enable the reader to understand how the three important
design characteristics discussed above in the SUMMARY OF THE
INVENTION are used to resolve the difficulties associated

35 with the three design considerations outlined in the
BACKGROUND OF THE INVENTION.



tilting notion to a central device which ensures that the degree of

tilting of the propellers stays within the 90[err] circular path

Mor eover, each |inkage rod has sufficient el asticity to allow the
propellers a 2[err] or 3[err] difference in 5 tilt angle from each
other or fromthe central device. b) Control of tilting speed
the tilting speed of the propellers is restrained by a hydraulic
danpi ng system whi ch is part of thel®ntral device. c) To

ensure that the propellers stay within the 0 90[err] tiltin

range : Aj fipst sRect G@VP&é'nﬁasé"&’ cﬁ'tk?% tﬁﬁclﬁﬁﬁ[ {% '@%‘lﬁirg

:Eat Bhe p[operég §chﬁunsymmétﬂneedégr@éyloﬂhfrhedsmmonamely siycrafit
ey do no [ rgd, on Ls .l riented verti cal

The bl ocki ng n?&ﬁ ﬁgcgﬂgliié%iﬁhp? tge Srog?llergop whi ch t he centyal

devi ces cones to reencagari.ngt engine power and propadilienss pditeh gst kgown to

verticag positifBse skilled inth &l}%n bpfingts sosl 1y ﬁgf)@d:ﬂdﬁll fiotilohhe

s used w31/ BEkeEk EnE BpRPR At MR SHsh BT R IG5 S FOERGS 48 all
preventing 20 ag ﬁﬁ&ifﬂﬁﬁﬁhbetsSaﬂﬂnprbpengers speed isdpsBuakdngta hbe
tilting of t herregtu a%:ed 8 &eg'.'lt. [ alit%e\:f.' C8ccordance with known principles,
allowing the pilot to concentrate on the aircraft's pitch and
10 the tilting of the propellers. For example, in a typical
airplane, the two synchronized propellers are equipped with
a device which allows for identical variations in propeller
pitch, variations made by a pitch-control actuator mechanism.
The pilot has controls that allow him to choose prop rev
15 settings for each individual phase of flight, for example
v"take-off rev" or "cruising rev". Once a setting has been
chosen, it is kept for the duration of the entire phase of
flight ; no pilot inputs are necessary for the minute changes
that must be continually made to the prop rev settings during
20 flight. An internal regulator makes continuous minute changes
in prop pitch to ensure that the propellers are running at
the appropriate rev to maintain the chosen phase of flight.
Additionally, the pilot controls the power setting of the
engines 17 using throttle levers which he or she works with
25 the left hand. The throttles are linked together such that
identical power changes are made to each engine, when all
engines 17 are functioning properly. In case of engine
failure, the pilot can compensate for the loss of power in
the failed engine by increasing power in the remaining
30 " engine(s). This emergency procedure can be automated using
currently available methods, freeing the pilot's left hand
from having to constantly be on the throttles.
Using the above existing control methods as baseline
reference, the airplane pitch and propeller-tilting control
35 techniques in accordance with the teachings of the present
invention are as follows :



i ncludes a hydraulic danping systemthat contains an extra devi ce
that allows the pilot to suppress the tilting freedom of the
propellers and to hold, for a period of tinme, the 25 ~ propellers' tilt
angl.e at any intermedi ary angl e between the 0 and 90 positions. As
an option, the braking systemcan be elimnated if the pilot does
not intend to fly the aircraft at sl ow speeds, 20-30 nis (65-100
feet per second), for extended peril®s of tinme, which would require

the propellers 30 alned t atilt angle other than O[err] or
90. c%?ﬁ?ﬁﬁfy pi ? 99nt59£|rst object of the present
i nvention to prOV|ﬂheaaﬂecrafarstpkeohfiandohﬂndlhgd(N?bemmetrlc changes

aircraft. t-he of ot 7 n tlon 0 35
provi de such a°5e§P€e%ﬂ#§i§§§#ﬂ%§vé?é§?€§£¥héfa? gﬁ& t e§ Brech h
at the rear thechangeantntpitehreause a4 pitalhiing aoment whlch is applied to

5 the propellers by external aerodynamic forces. This moment is
transferred from the propellers, through the central device,
to the fuselage 11 by passing through the damping system, the
blocking mechanism, the locking mechanism, and the braking
system. These structures are described above with reference

10 to Figures 17-20.

As the moment passes through the damping system, its
magnitude will be reduced by an aerodynamic moment due to the
speed at which the propellers are tilting. However, the
tilting speed of the propellers (.75 revolutions per minute

15 [rpm]) is low enough when compared to the rotational speed of
the propellers (600-1200 rpm) that the moment due to the tilt
speed of the propellers can be neglected.

This method of cyclic pitch control is nearly identical
to that used by conventional helicopters. This method

20 eliminates the need to have an auxiliary pitch control tail
rotor or dual tandem main rotors.

Furthermore, this method of cyclic pitch control is
unaffected by the horizontal velocity of the aircraft or by
the tilt angle of the propellers. This technique is therefore

25 highly effective and can be used in all phases of flight,
regardless of whether the aircraft is taking-off, landing,
cruising in level flight, or transitioning between vertical
and horizontal operating modes.

Tilting the propellers :

30 The following sections describe what takes place as the
aircraft transitions from vertical to horizontal flight, and
then back again. The descriptions are in a numbered step-by-
step format. Each step is further explained by a
correspondingly numbered Figure.

35 Step 1. The aircraft has taken off vertically and is
hovering over the airfield. The pilot has reviewed any



8 nmounted at the front thereof. It is a still further

obj éct of the present invention to provi de such an aircraft wherein
the propellers thereof are nount ed on supports separate fromthe
wings thereof. 5 It is a still further object of the present

I nvention to provi de such an aircraft wherein control neans is
provided to tilt the propeller axes bhetween the horizontal and
verti cal directions without the use Iof any type of servo-actuator.

It is astill further object of the pregeni_inventio o] rQVi
such an aircraFPeﬁhiﬁﬁFﬁkgﬁFi-i§ﬁﬂ§tr?8 ro#?sanﬁe§5ﬁ£ea %gecoﬁnggpﬁggﬁg
do not interchppopehdereravhandr pandr| setktings. Thel pghot, as part ofThise

and ot her obj egLs  3SNSESCAIL | ALY Gaal HIe that tRECTUbel MWLM Ofhe

will be better rsto romfthe ol 'owm ng det ai escription of
the preferred capeudsedl are fuldmedxtendefln conjunction with the appended

drawi nggfigures. yhile the aircraft is hovering, the airflow being sucked
downward by the propellers has a very low velocity as it
passes over the wing 19 and the canards 41. The aerodynamic
forces resulting from the airflow over the wing 19 and the
canards 41 are negligible, resulting in no negative lift. At
10 this point, the aircraft is controlled solely by the
propellers, the thrust Fr of which also provides all 1lift.
By design, the aircraft's center of gravity is located
forward of the axes about which the propellers pivot and
forward of the booms 27 and 29. The forward location of the
15 center of gravity is necessary to maintain aircraft pitch
stability at low speeds. The weight of the aircraft applied
at the center of gravity with respect to the propeller's
pivot axis causes a moment which results in downward pitching
of the nose of the aircraft. This moment must be balanced by
20 an upward pitching moment created by the cyclic pitch of the
propellers. To account for this moment, the pilot must have
the cyclic pitch control in a'position aft of the neutral
position and a high powef setting to maintain steady and
level hover. The moment caused by the propellers and the
25 moment caused by the forward positioning of the center of
gravity cancel each other out as they pass through the
blocking mechanism and the braking system.
Step 2. The pilot decides to transition from vertical to
horizontal flight, and begins to do so by increasing engine
30 power slightly and pitching the nose of the aircraft down.
For example, if the pilot decides to accomplish this maneuver
with and acceleration of 2.5 m/s? (0.25 gs) (8.2 f£fps?
(.25 gs)), the required thrust Fr is found by
J(I? + 0.25%) = 1.03, which corresponds to 3 % more thrust
35 than the weight of the aircraft.
Furthermore, the angle of downward pitch required for the




BRI EF DESCRI PTI ON OF THE DRAW NGS Figures 1-12 sequentially

dgpi"pt t he vari ous nodes of 20 operation of the present invention from
sitting on a Tarnac, to vertical lift-off, to transition to
hori,zontal flight, to hori zontal flight, to transition from
horizontal flight to vertical descent, to vertical descent, to

| andi ng. Figure 13 conbines together Figures 1-6 in a single 25
sequence. Figure 14 conbines todd her Figures 7-12 in a single
sequence. Figure 15 depicts,the forces resulting froml ateral
cyclic pitch vaaneuvessigudi dh&k?rt‘?/ﬁ'tlh(tﬁégafe&"c;f' tRexgfore, p?BpEPiﬁrs
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Figure 17 showanglpeofp2éfive view of the inventive 35 aircraft | ooking
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follows the same pattern, in relation to the plane as it did
in Step 1. This means that the propeller wash is tilted
downward and backward at an angle of about 14° with an
imaginary line passing through the center of gravity. After

10 about 5 seconds in this configuration, the aircraft attains

.~ a horizontal velocity of 12.5 m/s (41 fps). A full 10 seconds
after having begun the transition from vertical to horizontal
flight, the aircraft has attained a horizontal velocity of
25 m/s (82 £ps). | |

15 Step 3. At these slow horizontal speeds, the airflow
around the wing is bent downward by the propellers causing it
to flow onto the top of the wing 19. This causes a negative
lift force (-f,) of the wihg which in turn causes an upward
pitching moment to act on the aircraft. Around the

20 canards 41, the airflow remains unaffected by the propellers.
Since the flaps 43 located on the canards 41 are fully
extended, the canards 41 produce positive lift (£,) which
creates a second upward pitching moment acting on the
aircraft.

25 The moment created by 'the negative 1lift of the wing and
the moment created by the positive 1lift of the canards 41
with their flaps 43 extended add up to create a larger upward
pitching moment, the magnitude of which increases as the
forward velocity of the aircraft increases. This moment

30 begins to compensate for _ttie downward pitching moment caused
by the forward locationf 6f the center of gravity of the
aircraft. Eventually, these two opposite moments cancel each
other out, and as the horizontal velocity continues to
increases, the upward pitching moment becomes greater than

35 the downward pitching moment.

As a consequence, as the aircraft picks up speed, the



9 nacelle with portions broken away to show det ail

Figdre 19 shows a front view of the |eft-hand propeller nacel |l e and
central device, with portions broken away to show detail. 5

Figure 20 shows a schematic representation of the general | ayout of
flight controls of the present invention. SPECI FI C
DESCRI PTI ON OF THE PREFERRED EMBODI MENT Wth reference, first,
to Figure 17, the inventive 10 airpland9 s generally de5|gnated by t he
reference numeral 10 and includes a fusela llfaV| D9, 2 fa?
section 13 witpijot must, progressively, move th cyc tro orward

from the aft position it had in Steps 1 and 2 of the neutral
position to counter the tendency of the nose of the aircraft
to pitch up. This causes the thrust vector Fr to act on a

5 point behind the center of the propellers. At this point, the
one way stop of the blocking mechanism is no longer pressed
on, the closure of the brake valve 113 is the only reason
that the propellers' axes are still in the vertical (90°)
position. _

10 Step 4. In order for the propellers to tilt forward, the
brake valve 113 must be opened. When it is opened, the
propellers will begin to pivot forward of their own accord.
On a variant of the aircraft constructed without the pilot
controlled braking mechanism, the propellers would begin

15 tilting forward as soon as the cyclic control lever is moved
forward beyond the neutral position.

While the propellers are in the process of tilting
forward, the moments caused by changes in cyclic pitch, with
a small reduction as explained hereinabove, are transmitted

20 to the aircraft through the damping system. The caliber of
nozzle 111 has been selected to be narrow enough to restrain
the tilting speed of the propellers to very low values
(.75 rpm = 4.5 degrees/s) so that there is no appreciable
change.in the control moments applied by the pilot through

25 cyclic pitch adjustments.

During this step of the tranéition, the pilot's only job
is to maintain the aircraft's acceleration at its desired
value and the climb trajectory along its desired path. Any
necessary corrections are made using the cyclic pitch control

30 lever. For example, i1if the aircraft is climbing more than
desired, all that is necessary to correct the path deviation
is to move the cyclic control lever forward to lower the
nose. '

As far as the tilting of the propellers is concerned,

35 what actually happens during the early stages of the
transition from vertical to horizontal flight is that the



canopy 15 that may be opened in a manner well known to those skilled
in the art to allow access to the cabin 14. The fusel age 11 has a
forward end 12 and a rearward end 16. 15 At the rear of the cabin
14, engine nmeans conprising one or nore engines is/are |ocated. One
of the engines is shown schematically and is designated by the
reference nuneral 17. At the rear of the aircraft 10, a single wng
19 i s nmounted onto the fusel age 11 BP fixed pylons 21 and 23. As can

be 20 seen in Figure 17, the wing 19 has a generall V-s

confi gurati on prepehlendcthomselvas gpn§°§5 cﬂﬂﬂﬂﬁ% B CaotRkRPE! v
fromthe extregReepsst GBf i WiterdEt rotates upwE&@h Thad db tbes&ysehage
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o © HBL8abinPLRuBREY Jl Belic 1h ArRRPd Crega cLbdel bbclbgae,

| ef t - haﬁd nace € berng e5|gna ref erence nuneral 33 ﬁn
with the rightandndtherertoe Qe@@s%leﬁlbnéﬂ:@atgée' TBﬁstﬁé"?% nof t

nuneral 35. Ea?ﬁs&ﬁﬁ&é'§13§ed§ée§a£6|éilﬁination that aeyapLopeliet d8ausbdch
may be rotated by he engi nes ig Ny its.r nner tQ 14885 ﬁgm At
greater detail bHeFRP BatRMing 10 and itsresl Y oya gﬁp% % hiz Slfbuse agé
11, a horizontehe loss of the upward pitching moment is compensated for by
10 increasing 1ift (£.) being produced by the canards 41 with
their flaps 43 still extended.

At this point, as the aircraft's horizontal velocity is
only 10-20 m/s (32-64 fps), most of its lift is still being
produced directly by the thrust Fr of the propellers.

15 However, as the horizontal velocity increases and the
aircraft begins to pitch up, lift begins to be produced in
increasing amounts by the wing 19 and the canards 41.

Up to this point, the power has been at its maximal, full

power setting. Once the horizontal velocity of the aircraft
20 reaches 25 m/s (82 fps), the power required for the aircraft

to maintain its position without accelerating is inferior to

the maximum amount of power produced by one engine

corresponding to the one engine inoperative (OEI) limit.

Therefore, the pilot is free to throttle the engines 17 back
25 to a lower power setting.

Step 5. About ten seconds later, the aircraft attains a
horizontal velocity of 50 m/s (164 fps). At this speed, the
wing and the horizontal stabilizer 40 provide enough 1lift
(£, + £,) to account for the weight Mg of the aircraft. If not

30 already done, the pilot can release the brake pressure to
allow the propellers to move to their fully horizontal
position.

Step 6. The forward transition is complete. The
propellers are at their fully horizontal position and are

35 locked into this position using the pilot controlled locking
mechanism. The aircraft accelerates to its climbing speed of



stabilizer 40 is provided which includes two parallel, 35 oppositely

directed canards 41, each of which carries a S|ngle pi votabl e flap
43 that nay be operated by the pilot in

10 _ a manner well known to those skilled in the art. As
expl ai ned above, Figures 18 and 19 show rear and front Vi ews,
respectively, of the |eft-hand propeller nacelle 33. Wth reference
to Figures 18 and 19, each propeller nacel 12& 5 i ncl udes the conponents

descri bed herei nbel ow. ransm ssi on neans, i ncl udes a
transni ssi on b&Q Bfs (227 £pgpy aF’HF‘né:hPRo T ditsh g SRERA AL PR hto

cooperate so 125 m/s (328 to 410 fps) (actual cruise speed depends on
aircraft altitude). It is now, for all intents and purposes,
an airplane. Its angle of attack and trim are reduced in
5 order to lift the aircraft at all speeds and altitudes. The
canard flaps 43 are used by the pilot to trim out the
alrcraft, so that the cyclic control can be left near the

neutral position without any permanent pilot's strain.

Propeller pitch and the power setting of the engines 17

10 are chosen based on the necessary configurations for climb-
out, and then for cruise.

Step 7. The aircraft is in full cruising configuration ;
the canard flaps 43 have been retracted and the cyclic pitch
control is near the neutral position. The thrust Fr acts

15 along the central axis of each propeller. '

The aircraft is in level flight at a speed between 100
and 125 m/s (328 fps and 410 fps). The pilot begins the
aircraft's descent. The aircraft is slowed to 50 m/s
(164 fps) as the pilot pulls the throttles back to reduce

20 power. The wing's angle of attack increases and the pilot
compensates by extending the canard flaps 43 in order to
balance out the wing's 1lift and to maintain the cyclic
control near the neutral position.

When the aircraft reaches a horizontal velocity of 50 m/s

25 (164 f£fps), the pilot stabilizes the descent at a rate of
-3 m/s (-10 fps) and a slope of 6 %.

Step 8. The aircraft's configuration at this stage of
backward <transition is similar to the aircraft's
configuration during Step 6. However, engine power is

30 reduced, since the aircraft is descending instead of climbing
or accelerating.

Before beginning the actual transition from horizontal to
vertical flight, the propeller revs are set to the
appropriate setting. This setting is similar to the take-off

35 setting, both of which are higher than the cruise setting.

Step 9. The beginning of the actual transition £from



that rotations of the drive shaft 45 connected with one of t he
engines 17 are changed to rotations at a right angle 10 thereto so that
the propellers 37 may be suitably rotated. The propeller shaft 53 is
hol I.ow and is connected to a propel l er hub 55 that includes, in the
enbodi mnent shown, three rigid spindles 57, each of which rotatably
supports a propell er blade 59. The ipnventive aircraft includes pitch
15 varyi ng neans. Vvth parti“€ul ar reference to Figure 18,

each bl ade has_ at h

respective *no ri%BT‘ﬁBF‘e tEﬁ"“by g}s’ﬁg‘% ijl&\&’c b 18 naegzig:gﬁ%gg%'g%tby
t he refeeeraetsumneabaﬁardnilﬁ@saqaouﬁincaxxher@}apﬂi4&eh@veebee0
of which is deﬂaggg%%ga” %@%&n@x‘% %ﬁ%‘%ﬁa @i\e6§i§£’%f S!.:l‘% win mug%eﬁow

race oblique contac earl ing 6 bsor
centrifugal fobeedakanced byo maumggdab%t@#mw@ment ca'&‘ﬁ%dnﬂi’enﬁh?s

resul tigg from,agpaiyaasl cak ftthea Ibeorabiaéts the £RapEi 43,ntheash bhade

to controllably rotate abou rh S ﬂ*e 57 to h |t un%gd

to permt pi tcﬂ“?&rlaalﬁ%np“ 1 back thgy ‘F\Y‘F Qr &oRFTR Fﬁﬁur"bajfézmt

lever 67 traveaieerblfie's attitudei Atofthdachopntpethe propeideamn's |t$nalsna§‘ned

to the root of o e aisgg Eba # gRLERN L §sp5ﬁﬁhFsv%ggﬁ%ﬁﬁeéﬁnﬁelbﬁ
PRE o as

Fi gures 18 |ve prtch contro y consists
of an point of the propeller disk.
10 Step 10. The locks securing the propellers to the boom

are released and the valve 113 is opened. The propellers

slowly pivot upward as a result of the upward pitching moment

caused by the cyclic propeller pitch. All aerodynamic moments

are transmitted from the propellers to the fuselage 11
15 through the damping system.

After 10-20 seconds, the propellers have gone from the
fully horizontal axis position (0°) to the fully vertical
axis position (90°). The propellers stop pivoting as they
come to rest against the blocking mechanism. Once the

20 propellers have reached the 90° position, all aerodynamic
moments are transmitted from +the propellers to the
fuselage 11 through the blocking mechanism.

As the propellers tilt backward, the thrust Fr they
provide is weak, and most of the lift is produced by the

25 horizontal stabilizer 40 and the wing (£, + £,).

Step 11. The pilot proceeds with the transition from
horizontal to vertical flight by further slowing down the
aircraft. Engine power is increased, resulting in increased
pitch and thrust Fr. The aircraft is kept at a slight nose up

30 attitude, so that the thrust has a backward component and
helps to slow down the aircraft.

At this point, the wash of the propellers causes an
airflow pattern which lowers the angle of attack of the wing
and reduces the amount of lift (£,) produced by the wing. As

35 the aircraft slows to a horizontal velocity of 25 m/s
(82 fps), most of the lift production is transferred from the



30 internal rod 69 which runs through the holl ow propeller

shaft 53 and protrudes fromboth ends thereof. At the rear end of
the holl ow propeller shaft, the rod 69 is axially actuated by a
doub] e mechani sm 71 consi sting of a screw and nut .assenbly which
itself is actuated by a torsionally rigid 35 rod 73 ginbled at 74 and
76 which acts identically on the Ieft hand and ri ght-hand
propellers 37 to keep their pitch 23 synchronlzed At the

f t d of the, holl t t 69 h
ar gtnar -eghaged a@s‘ﬁr‘oi"&w rOperopeﬁ}?ﬁﬁhec}‘j{}%erBFBG"'EE hlqg(rg W%tﬁ

attached to a @mtalhilizer 40, with the flaps 43 retracted, is negllgible.

The pilot commits to finishing the backward transition by

preparing to set the aircraft down as soon as the landing

5 area is in sight. Engine power is once again increased, and

the nose of the aircraft is pitched up even higher. The

propeller wash acts as it did in Step 3, resulting in

negative lift being produced by the wing. However, the

aircraft's nose up attitude as well as its downward

10 trajectory cause the negative lift produced to be much less

than that produced during Step 3. Furthermore, the aircraft's

flight configuration also ensures that the propellers will

remain pressed against their vertical stop and will not pivot

downward. The cyclic control lever is kept pulled back to

15 ensure that the propellers continue to rest against the
vertical stop.

Step 12. At extremely low speeds, the airflow generated
by the propellers becomes similar to that in Steps 1 and 2.
To complete the backward transition, the pilot adjusts the

20 power to maintain the aircraft's desired altitude as he or
she positions the aircraft over the landing site. Then, the
pilot sets the aircraft down as would be done with a
conventional helicopter.

Control of the aircraft with respect to anti-symmetric

25 degrees of freedom, namely aircraft roll and yaw may be
explained as follows.

When the aircraft is hovering or moving at extremely low
speeds, roll control is achieved by anti-symmetric variations
of lateral cyclic pitch, without changing the general pitch

30 of the propellers. These variations are commanded by the
pilot by way of moving the cyclic pitch control lever left or
right. The general propeller pitch must remain at an equal
setting for each propeller. The cyclic variations cause lift
differentials on the right and left halves of the propeller

35 disks. The lift differentials lead to roll inducing moments
that are transmitted through the propeller hubs and the booms



control lever 77. 5 The cyclic pitch control assenbly consists of a

swash . plate 79 joined to the front of the transm ssion box 81. The
| ongi tudinal and lateral tilting of the plate 79 are controll ed by
the pilot. The cyclic pitch control assenbly additional ly includes
another plate 83 that rotates with the 10 propel l er and incl udes as
many arns as there are propeller bl ades 59. On each

bl ade, a pitch varying control |ever 77 car44es out the sum of the

cyclic and collective pitch change ded b h il ot.
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nmeans 25 h%ﬁﬁkﬂ%ﬁﬁve descri bed.

vaw control is achieved by anti-symmetric changes to
10 longitudinal cyclic pitch. The use of symmetric changes to
longitudinal cyclic pitch as a method of aircraft pitch
control has already been discussed. In the case of yaw
control, the opposing pitching moments caused by the changes
in cyclic pitch in each propeller cancel each other out.
15 However, due to the elasticity in the 1linkage rod, each
propeller can tilt 2° or 3° out of phase with the other
(anti-symmetricaily). As a result of the differences in tilt
angles, and the resultant differences in fore and aft
components of lift of each propeller, a yawing moment is
20 created. The magnitude of this moment is great enough that it

will cause the aircraft to yaw.

As a side note, during low speed flight, it is important
to have a highly effective yaw control mechanism to
compensate for wind gusts and air side-slip angle on the

25 aircraft due to lateral winds.

The method for roll control described above can be
effectively used during high speed level flight. This means
that the same method of roll control can be used for all
phases of flight. At high speeds, the anti-symmetric

30 variations of lateral cyclic pitch cause radial forces which
act in the plane of rotation of the propellers. These forces
are the cause of the rolling moment.

The reasons behind the radial lift forces caused by the
propellers require an explanation. A graphical explanation is

35 given in Figures 15 and 16. The radial lift force is due to
the high value of axial speed V through the propeller, and



Wth the swash-plate 79 in its neutral position, its rotating plate
83 i's perpendicular to the propeller axis and does not transmt to
the end 89 of the pitch control |ever any axial notion. As such
this end 89 remains still. The 30 star-shaped assenbly 75 axially noves
the m d-point 91 of the pitch control |ever 77 and consequently its
end 87 and the attached bl ade pitch | ever 67, an equal distance for
2?ch _ _blads, ﬁchieving the so-call e®%ol |l ective pitch variation.

any position of this star-shaped assenbly 75, gnd 35 val f blade
col l ective pit&he | FuPﬁéq'éﬁHEﬁYpF]a?’égqg jr%c"yease %“ti HPé’&rPFonP#%SRneu Pal

position by thaxBimpok, bitear eralisijg speed V equal to tip speed @R of the

12 propeller blades, there exists a general pitch angle of 45°

at the extremity of each blade. Furthermore, the general

5 pitch angle is even greater at locations on the blade which

are closer to the blade's root. In a case where cruising

speed is half that of the tip speed of a blade, half of the

length of each propeller blade, from 0 to .5R, is at a

general pitch angle greater than 45°. In these conditions, a

10 variation of lateral cyclic pitch Ai causes differences in

1ift AF between the right and left sides of the propeller

disk. (The propeller disk is the imaginary disk created by

the rapid rotation of the Qropellers). The 1lift component in

the plane of the propeller disks AFr is greated than axial

15 1ift component AFa. The components in the plane of the

propeller disks are added together between the left and right

sides of the propeller disks, resulting in a significant

radial 1lift force. If the right propeller is rotating

clockwise and the left propeller is rotating counter-

20 clockwise, the moment caused by the radial 1ift AFr (Fig. 16)

acts in the same direction as the moment induced by the

propellers when the aircraft is hovering (Fig. 15).

Therefore, this technique of using lateral cyclic pitch

variations for roll control is effective during all stages of

25 flight and can be used from take-off to touchdown as the sole
method of roll control. '

As far as anti-symmetric variations of longitudinal
cyclic pitch are concerned, if the locking mechanism was not
locked, as during slow flight, an anti-symmetric tilting of

30 the propellers would result in an additional rolling moment
but no yawing moment. Therefore, it might seem necessary to
develop some control mechanism for yaw control during high
speed, level flight. However, as a characteristic of the
invention, and to simplify the aircraft, such a control

35 mechanism is not necessary and therefore not present in the
aircraft.



plate 83 noves in a parallel nanner. Then, the arm ends of pl ate 83
havé to follow, axially, a sine or cosine function of their azinut.
The axial notion of each armend is transmtted to the end 89 of the
pitch control |lever 77 by 5 the small rod, and fromthere to the end 87
of sane |ever 77 of which the m d-point 91 keeps the sane given
position as the star-shaped assenbly 75, and eventually to the bl ade
pitch lever 67. The choice by the pilot of 2the phase and anpl i tude
of swash-plate 79 tilting allows himto_give to the 10 ropell ers the
above- descri bed | aUstike ahdsleweyi speeds: the airE}e‘r’ieaﬁﬁfeﬂ Fzevnd the
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two control mechanisms the pilot has at his or her disposal

10 while this particular aircraft is in high speed, level
flight. Roll control is all that is necessary for the
aircraft to be able to turn effectively, so the propellers
are locked at the 0° position and anti-symmetric variations
of longitudinal cyclic pitch are not used.

15 When the aircraft is transifioning between vertical and
horizontal flight modes, the control methods described above
for low and high speed flight remain effective and can be
used. Anti-symmetric changes to the lateral component of
cyclic pitch cause the aircraft to roll, and also induce a

20 negligible amount of yaw. This is to say that when the
airplane rolls right, it also turns right, but not enough to
be of any concern. Anti-symmetric changes to longitudinal
cyclic pitch result in yaw when the aircraft is flying at a
moderate speed and the propellers are only slightly titled.

25 As the aircraft's horiéontal velocity increases; though, a
relatively small and negligible amount of roll is produced.
However, the need to control yaw is eliminated as the
aircraft accelerates to its cruising speed due to the yaw
stability provided by the wing's fins 25.

30 It is important to note that the benefit of the radial
1ift force generated by the propellers is directly linked to
the second design characteristic of the invention, the
combination of a variable cyclic pitch propeller and a rigid
hub. The radial 1lift is concomitant with a moment passing

35 transversely through the propeller due to the significant
amount of general propeller pitch (45°). A helicopter rotor



each propeller with respect to the other. As best seen in Figure 19,

the rack 97 is connected to a rod 101 that has connected thereto
danpi ng neans conprising a danpi ng 25 pi ston 103 that reciprocates
within a hydraulic cylinder 105 having its ends interconnected
via passageways or conduits 107 and 109 interconnected by a

cal i brated nozzle 111. The dianeter of the nozzle is narrow enough
to allow only snmall |eak between b®&% ends of the cylinder, and 30

consequently, a slow rate of propeller tilt. A valve 113 is
provi ded in t hoighs hgaed, biedemdisehybdesdanr ymabdepytq Heransmit syehos

in a manner Welchcah%%&sbombmeﬁe aka! b8d1dNadtorit'itd dwn to compeRBEIL&ECFEr
brake neans or brakln S sten1 whi ch, when cl osed, VENt s novene

of the rack 972Rfd ininake ghe smpment,, "E)‘P%k‘!’%g?ng&hﬁﬁ%‘-sﬁ??’%al
provi ded to keeﬁftheAptdmméﬁfidnéI(Hmrplane priopetlileg , pehichhis Hfteablle to

positio%, Whicﬁaghpﬁﬁé“h§E¥%ﬁ$&é8% varied, cannot be manipulated by the
' pilot to generate any radial lift.

.As such, an invention has been disclosed in terms of a
preferred embodiment thereof which fulfills each and every
one of the objects of the invention as set forth hereinabove,

10 and provides a new and useful vertical takeoff and landing
aircraft of great novelty and utility.

Of course, various changes, modifications and alterations
in the teachings of the present invention may be contemplated
by those skilled in the art without departing from the

15 intended spirit and scope thereof.

As such, it is intended that the present invention only

be limited by the terms of the appended claims.
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rearward end (16) and supported thereabove

.
r

a2 horizontal

}stabilizer (40) mounted on the forward end (12) ; a pair of
opposed booms (27, 29) extending laterally of said
fuselage (11) between the wing (19) and horizontal

10

15

20

25

30

35

stabilizer (40) ; each boom having an end distal of the
fuselage (11) to which is pivotably mounted a propeller
nacelle (33) carrying a propeller (37) having an axis of
rotation ; (17) for driving the
propellers (37) each propeller being pivotable between a
first position wherein its axis of rotation is approximately
horizontal'and a second position wherein its axis of rotation

and engine means

.
14

is approximately vertical.

2. The aircraft of claim 1, characterized in that it has
a center of gravity forward of the booms (27, 29).

3. The aircraft of claim 1,
wing (19) includes two opposed ends each of which carries a
fixed downwardly extending fin (25).

4. The aircraft of claim 1, characterized in that the
horizontal stablizer (40) includes two oppositely directed
canards (41) each of which includes a single pivotable
flap (43).

5. The aircraft of claim 1,
wing (19) is generally V-shaped.

6. The aircraft of claim 5, characterized in that the
wing (19) includes two opposed ends each of which carries a
fixed downwardly extending fin (25).

7. The aircraft of claim 1, characterized in that each
propeller (37) is driven by said engine means (17) via

characterized in that the

characterized in that the

transmission means.
8. The aircraft of claim 7,
engine means (17) is located within said fuselage (11), the

characterized in that the

This Sheet Has Been Rerlaced
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'undern | oor boards to the bottom part of the stick
and ar gmﬂmnﬂﬂﬂﬂll and right notions of the gtlck 20 121. The
ends 127 of® tthe 8riV¥es* 125 located in the propeller nacel |l es act on
the.lateral cyclic pitch control plates with exact conpensation for
the fact that the cyclic pitch control | ever end 89 is out of phase
with the actual blade azi nmut, | .e. about 45[err] in Figure 20. The
two other drives are 25 designated by t88 reference nuneral 129 and are
connect ed under the floor board of the cabin to a small transverse
| ever mechani srirE@Ensisdion means extendiag s thin ndhesbogms (27, 2931 and

whi ch moves as the gst i | $180M&ek f beMAEAR §,0 aszekactenze@rmstﬁ?fca%ﬁ%

The ends 133 of the drives 129 Iocated nacel | es act

on the | ongit udineRsmdfEgion means incl “A%ﬁwﬁrﬂFgﬁ?aFBgfta§4§}pW§tﬁéﬂ each
her ei nabove. boom, eachNﬂﬂ&dé émaﬁquavﬂngdaIuﬂymmueﬁmnehat&ihgr@ FR SR,

t hese troI ti %205 t hat for .all
of the i an [ ght%onar? v & ééﬁ@d%{ﬁ“eﬁ tﬁ\/&ﬁe\?@@ Péf’ nd 494
Left and right omtdren endtof st mrlop_e:_lleattsmﬁ;s (53), anather sgndrebfu said
changes in the grjfendlerP EhAFEOHEPGP O BFled to a propeller hub (55)

carrying propeller blades (59), said hub and blades forming
said propeller (37).

10 10. The aircraft of claim 9, characterized in that each
blade (59) is rotatably connected to the hub (55) via an
insert (61) swivelling on a spindle (57) via two spaced
bearings (63, 65).

11. The aircraft of claim 9, characterized in that each

15 blade (59) is rotatably connected to the hub (55), and in
that it .further comprises pitch varying means for
simultaneously rotating the blades with respect to the hub to
adjust propeller pitch.

12. The aircraft of claim 11, characterized in that the

20 pitch varying means comprises both a collective pitch varying
means and a cyclic pitch varying means.

13. The aircraft of claim 12, characterized in that the
pitches of left and right propellers (37) are controlled by
a common pitch control device which maintains equal pitch for
25 each propeller.
14. The aircraft of claim 12, characterized in that the
cyclic pitch variation is controlled by a swash plate (79).
15. The aircraft of claim 8, characterized in that each
of the propeller nacelles (33, 35) pivots with respect to a

30 respective boom (27, 29) at a pivot (93), each propeller (37)
having coupled thereto a rod (95) which transmits tilt angle
of a coupled propeller (37) to a control device for
restraining tilt angle variation rate and tilt angle between
0° and 90° tilt.

35 16. The aircraft of claim 15, characterized in that each
rod (95) comprises a torsion rod whereby one propeller (37)

This Sheet Has Been Re hced
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‘ ing a rolling nonent which rolls the aircraft.
Forvvarc”lllm "]ﬁlm/yllﬂlmt ion of the stick actuates symetri cal .
changes tof hé Ibngitudi nal pitch control plates thereby creating

t he -pi tchi ng nonent which allows the aircraft to 5 pitch up and down.

The sanme notion of the control stick 121 al so allows for

nodi fication of the tilt angle of the propell ers assum ng that the
brake valve 113 has beeen opened as 84pl ai ned herein. Rotating the
control stick 121 actuates, t hrough the transverse | ever 131

anti - symet ri ca¥ckdAFeatt® tblting anglemp e Bﬁadiﬁfetﬁntoﬁnmla WiildHing

due to the el agnglie Ybf the otq»,fert opd1died (137 I n turn changes the
tilt angle of the prop was

t f th
This creates - 17ndnsboiRered ﬂ?“ é%iesﬂﬁe%:‘r’é‘@%w%éa HagiRainc

control device includes a limit stop (106) preventing tilt
5 angle for exceeding 90° backward.

18. The aircraft of claim 15, characterized in that the
control device comprises a damper allowing slow tilt-angle
rate for conversion without causing any appreciable change in
control moment transmitted for aircraft pitch control.

10 19. The aircraft of claim 18, characterized in that the
damper comprises a reciprocating rod (10l1) coupled to the
torsion rod (95) and carrying a piston (103) received within
a cylinder (105), said cylinder having ports to either side
of said piston interconnected by a conduit (107, 109) having

15 a calibrated nozzle (111) for restraining tilt-angle
variation iate to relatively small values.

20. The aircraft of claim 19, characterized in that the
conduit (107, 109) has a valve (113) therein comprising brake
means actuable between an opened position allowing free flow

20 of fluid and a closed position stopping fluid flow and piston
movement.

21. The aircraft of claim 19, characterized in that the
torsion rod (95) is coupled to the reciprocating rod (101)
via a rack (97) and pinion (99).

25 22. The aircraft of claim 19, characterized in that the
cylinder (105) has an upper wall (106) comprising a limit
stop 1limiting upper movement of the piston (103) and,
thereby, pivoting movement of the propeller nacelles (33,
35).

30 23. The aircraft of claim 15, characterized in that each
propeller nacelle pivot (93) has a lock (114) engageable to
maintain propeller axis parallel to aircraft axis.

24. A vertical takeoff and landing aircraft including two
opposed propeller carrying nacelles (33, 35) pivotably

35 mounted to move between generally horizontal and vertical
orientation, characterized in that it comprises engine means

This Sheet Has Been Repl




' durlng en flight nodes. Rotation of the 15 control
stick memm“'lgmmﬁmeudder pedals found in a tradi tional

ai rplane. §f tdedired, *however, rudder pedals could be installed and
woul.d therefore be connected to the transverse |l ever 131 in a manner
wel | known to those skilled in the art. However, the configuration
di scl osed herein 20 allows the pilot to fly the aircraft 10 with only
one hand as opposed to using one hand5and the pilot's feet. Variable
degrees of response sensitivity to control inputs can be sel ected by
careful ly sel edti®y ﬁqredréngmsewmmleﬁr &%, pitch ¥ag¥ing meang for

Uvefﬂa?lh Smb125‘§51q, ; d%lq;@ﬁt :Iltﬂﬂﬁ? &am:E stddred ﬁdrtf&zﬁfztonatbly
e above description o e pres venti o

reference to Fl‘b‘iﬁ‘@é“gif‘gz@ mjé’fger?ctg q‘f rﬁﬂ%fnﬂ?é’ rh'es' ‘E‘H‘*ﬁ%ﬂn"&a”f 1%’%0
t hat under st andiorgexdlldirdg apperdtiors af the airtirefitnvecluddng condrell ®F
may be d. 30 h o] d i g of C n

and ¥ tratrPset %ﬁc%aﬁgﬁ é‘ﬁ‘le%gx eg!géro?'ke v;:#natﬁic% Pl?&:? F?glﬂ a
enabl e the reamsimiqm@r'@iam Ao tQ*@lmﬁf auriaas h the nacejdag)in a

characteristicg éﬁﬂ%?ﬁ@e&@i&l‘ Br&éﬁtﬁlé%RXn@:lIﬂEing off conbidilddN By e
used to resol ve the difficulties associ ated 35 wiith .the three td %egn

consi der ati ons @ A%kt Qperafring, fhe control means, whereby release O
brake means allows forward self-pivoting of the nacelles to

10 a generally horizontal orientation to permit horizontal
flight of the aircraft, and backward self-pivoting to return
from horizontal flight to hovering and landing.

25. The aircraft of claim 24, characterized in that each
nacelle (33, 35) is connected to said brake means via a

15 torsion rod (95) twistable up to 3°.

26. The aircraft of claim 24, characterized in that the
brake means includes a piston (103) slidably received within
a cylinder (105), a conduit (107, 109) interconnecting
opposed ends of the cylinder and a valve (113) in said

20 conduit, closure of said valve preventing piston mo{rement,
said piston being coupled to a nacelle pivot (93).

27. The aircraft of claim 24, characterized in that the
control means includes a control stick (121) universally
mounted in the aircraft and adapted to control propeller

25 pitch.

28. A vertical takeoff and landing aircraft including two
opposed propeller carrying nacelles (33, 35) pivotably
mounted to move between generally horizontal and vertical
orientations, characterized in that the nacelles freely

30 pivoting on said aircraft, a roll control solely operated by
varying lateral cylic pitch of the propellers regardless of
orientation of said nacelles.

29. The aircraft of claim 14, characterized in that
movement of the control stick (121) are transmitted to the

35 swash plate (79) by flexible ball bearing control drives
(125, 129).
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15 mofwllrmlnlﬂ":"m/ﬁm%ct concerns control of the aircraft with

respect t'o Synhet¥i c® degrees of freedom nanely aircraft pitch and
the-tilting of the propellers. Concer ni ng engi ne power and
propellers pitch as known to 5 those skilled in the art, symetrically
acting control notion wll affect the speed at which the propellers
rotate as wel | as their thrust. Said3propellers speed is assuned to
be regul ated and dealt with in accordance with known principles,

al | owi ng the pilot 3& cBheeixprafsh ofec Gliaim a2, s gharactenized in that

movements of the control stick (121) are transmitted to a
swash plate (79) by flexible ball bearing control drives
(125, 129).
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10 the tilting of the propellers. For exanple, in a typical

ai rpl ane, the two synchroni zed propellers are equipped with a device
which allows for identical variations in propeller pitch, variations
made by a pitch-control actuator nechani sm The pilot has controls
that allow himto choose prop rev 15 settings for each individual phase
of flight, for exanple "take-off rev" or "cruising rev'. Once a
setting has been chosen, it is kept32or the duration of the entire
phase of flight ; no pilot inputs are necessary for the mnute
changes that must be continually nmade to the prop rev settings
during 20 flight. An intergsdrgsadh G OTHEKESCLOSYRPMUOUS M nut e
changes in prop pitch to ensure that the propellers are runnlng at

the appropriate rev to nmaintain the chosen phase of flight.
Addi tionally, the fheotinventiohsrellatpswto seweirrtjcall ttakeoff and dagidiegy

17 using throttle g\ﬁg’s ﬁh%?’iucﬁ?ﬂ&?éba FeLy) %%vjtn% € ebelbri24a

The throttles are |nkéd power change
are made to eadA29ngndcreancend| (16) ; a wingi ) mounted Mtﬁh@nmmard

properly. In C%%a 0(16)‘9'-”% horizortdl UsRablin€zBr! Of4FPNmeRRRBASE fde
the | oss of po

remai ni ng 30 ﬁﬁpné?ya (#%F 'eﬁEFggﬂgn%bgbd%éuh@géga%bggﬁﬁg%ﬁggtg %@Sng

currently avai caltirdedelbedallydsy ithd Fusellagie ¢119f,t bedwden the wing (19)
10 and the horizontal stabilizer (40). Each boom has a free end
distal of the fuselage (11) on which is mounted a propeller
nacelle (33, 35) carrying a propeller (37) having an axis of
rotation and driven by engine means (17) through drive
shafts (45). Each propeller (37) has a propeiler hub and
15 blades and each propeller nacelle (33, 35) is mounted on the
' free end of the corresponding boom by a tilt pivot and is
able to tilt between a first position, in which the axis of
rotation of its propeller is substantially horizontal and a
second position, in which said axis is substantially
20 vertical.

According to the invention,'the nacelles (33, 35) are
freely tiltable about their tilt pivots, the nacelle free

tilting being controlled by appropriate brake means.

25
Figure 17



from-having to constantly be on the throttles. Usi ng the above

exi sting control nethods as baseline reference, the airplane pitch
and propeller-tilting control 35 t echni ques in accordance with the
t eactti ngs of the present inve‘lEKD are as follows :
16 Aircraft pitch control The aircraft' s pitchis
controlled by symmetric changes of ,t he | ongi tudi nal conponent of
cyclic prop pitch. These changes i & pitch cause a pitching nonent
which is applied to 5 t he propeller 3/eFfernaI aer odynam c forces.
This nonent is r

e — ?;

2Vi : 30 m/s
Mg

Cyclic pitch control
lever position Thrp%t;'i?i (I:‘ver

'
1
'
]
)
1
1
! -,
~
' ’
™ .
v ,
N ‘ .

Nose up pitch Nose down pitch idle

Full power

FIG. 1 .



transferred fromthe propellers, through the central device, | to the

fusel age 11 by passing through the danping system the bl ocki ng
mechani sm the | ocki ng mechani sm and the braking system These
structures are described above mﬁthﬁ%ﬁ% ence 10 to Figures 17-20.

As the nonent passes through the da S?systenl its magni tude w | |

be reduced by an aerodynanlc nonent due to the speed at which the
propellers are tiltin HovuerOh tilting speed of the propellers
(.75 revol utions. per nhe-igs $i s | oyw enough when conpared to
the rotational speed of t he propel ers (600-1200 rpn) that the
nmonment due to the tilt speed of the propellers can be negl ected.
This method of cyclic pitch control is nearlygigentical to that used
by conventional helicopters. This nmethod RQ elimnates the need to have
an auxiliary pitch control tail r ofkg 1F? tandem nmai n rotors.
Furthernore, this nethod of cyclic pitch d AroI F unaf f ected by
the horizontal velocity of the aircraft o the tilt angle of the
hi ghly effective and can be

propel lers. Wi S t- hni ue is therefore 2p
used in all “Wi regg ¢ss of whether the aircraft is
flight, or transitioning

t aki ng- of f, |an.| orutsing |n
bet ween vert | ca \

Cyclic pitch control Throtil
lever pasition pot;j?i ‘l::‘ver
: og&

Nose up pitch Nose down pitch idle

FIG. 2



and horizontal operating nodes. Tilting the propellers : 30
The follow ng sections describe what takes place as the aircraft
transitions fromvertical to horizontal flight, and: t hen back again

The descriptions are in a nunbered s cyu step format. Each step
I's further explained by a corﬁ@g% ndi ngly nunbered Figure. 35
Step 1. The aircraft has taken off vertically and is hoveri ng over

the airfield. The pilot has reviewed any
17 checklist-type itens and has sel ected the appropriate

S/
RN

ICRACHOK, l‘f”

owmmcmcawxcmﬂocowmcm

Cyclic pitch control Throttle lever
lever position position

|

{

|

1 R
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i

L}
L
1
1
L}
1
\ .
, .
L}
N ' . . ,
~ 4 .
p
N . .
.

Nose up pitch Nose down pitch Idie Full power

FIG. 3 .




propeller rev and power settings. The pilot, as part of his or her
checklist, has nmade sure that the flaps 43 on the canards 41 are
fully extended. 5 While the aircraft is hovering, the airfl ow being
sucked downward by the propejyl has a very |low velocity as it
passes over the wing 19 and the can 41. The aer odynam c forces
resulting fromthe airflow over the wing 19 and the canards 41 are

negligible, resulting in negativg | ift. At this point, the
aircraft is controlled V I)-hyé pellers, the thrust Fr of
whi ch al so provides all | ™tfy ™™ SY the aircraft's center

of gravity is |ocated orward ofglhe axes about which the propellers
pi vot and forward of the@ 29. 4The forward | ocati on of

the 15 center of gravity is necessdfy to $ n aircraft pitch

stability at | ow speeds. The wei ght of idee—ai 'ﬁ::.}: |ap-=l —ed €+ he
center of gravity with respe 0 e propel | gf™s pi vot axi s causes
a nonent which resub#s—1n downward pitching 4 - of the nose of the

aircraft. Thie~ffonent nust be bal anced by 2@ an upward pitchi ng nonent
created by~“the cyclic pitch of the gf opel | ers. To accqung for this
none the pilot nust have the cy#ic pitch control ifg @osition

aft of the neutral

position and
st eady and -

4 . . h‘: -
~,,~ i gh power setting tmal ntai n

Cyclic pitch control Throttle lever
lever ppsition - position

Nose up pitch Nose down pitch idle Full power

FIG. 4



| evel hover. The nmonment caused by the propellers and the 25 nonent

caused by the forward positioning of the center of gravity cancel
each other out as they pass through the bl ocki ng nechani sm and t he
braki ng system Step 2. !g | ot decides to transition from
vertical to hori zontal flight5 begins to do so by increasing
engi ne 30 power slightly and pitching the nose of the aircraft down.
For exanple, if the pilot decides to acconplish this maneuver W th
and acceleration of 2.5 Ms[err] (0.25 gs) (8.2 fps[err] (.25
gs)), the required t hrust Fr S f ound by [err] = 1.083,
whi ch correspopds tjg 3 % nore thrust 35 than the wei ght of the
aircraft. fFi ﬁk\Fhrther e, the e of doynward pitch required for
TR V=50 m/s

N h—

Cyclic pitch control Throttle lever
lever position position

Nose up pitch  Nose down pitch e Full power

FIG.5 .



18 . maneuver is found by tan[err]5) = 14. Therefore, at this

point in the transition, the aircraft nust have a val ue of t hr ust
equal to 103 % of its weight and a downward pitch angl e of 14[err].
5 =+ At this point, the airfl erated by the propellers
follows the same pattern, in relati the plane as it did in Step
1. This nmeans that the prop r wash | ted downward and
backward at an angl,e of aboV4 \ebmimD Sb s nary |ine passing

(=1 il econds in this

t hrough the center "u gravit
configuration, theg a3 rcraft attal ns a horygontal velocity of 12.5
ms (41 fps). A fuI 0 secoﬂegun the transition
fromvertical to horhzontal flight, the craft has attained a

hori zontal velocity ¥ 25 m's (82 fps). 15 Step 3. At these
sl ow horizontal speedy, th@g airflow around the wing is bent downward
by the propellers caugyng it to flow onto the top of the wing 19.

This causes a negati vey lift force (-f[err] the wing which in turn
causes an upward pItChI ng nonment to act on the aircraft. Around the

Cyclic pitch control Throttle lever
lever position 2 position

Nose up ﬁitch Nose down pitch Idie Full power

FIG. 6



20 canards 41, the airflow remains unaffected by the propellers.

Since the flaps 43 | ocated on the canards 41 are fully ext ended, the
canards 41 produce positive lift (f[err]ich creates a second upward
pi t chi ng nonent acting on the 7\@96]’ aft. The nonent
created by the negative lift of the and t he nonent created by
the positive lift of the cagards 41 with their flaps 43 extended add

2| pitching nonment, the magnitude of which
i ncreases as the fopdrd velocity of the aircraft increases. This
nonent 30 begi ns congensat e for the downward pitching nonent caused
by the forward | ocati of ghe center of gravity of the aircraft.
Eventual |y, these two opposg

t nents C ch ot her out, and
as the horizontal velocity § o 1 g W§ t he upward
At er t pi t chi ng nonent.

pi t chi ng nonent becones gr g
As a conseqgquence, as the aijgcraft pICkS up speed, th

Cyclic pitch control Throttle lever
lever position position
A
o
Nose up pitch Nose down pitch idle Full power

FIG. 7 y



19 pil ot nust, progressively, nove the cyclic control forward
fromthe aft position it had in Steps 1 and 2 of the neutral

position to counter the tendency of the nose of the aircraft to
pitch up. This causes the thrust vﬁfg Fr to act on a 5 poi nt behi nd
the center of the propellers. At t oi nt, the one way stop of the
bl ocki ng mechani,sm Rs no | onger pressed on, the closure of the brake
valve 113 is t ::, reason that the propellers' axes are still in
the vertical (9 :31\ position. 10 Step 4. In order for the
propellers to tilt f& ward, the brake val ve 113 nust be opened. Wen

it Is opened, the \ propgl kers wil | in to pyvot forward of their
own accord. Onfa vari a of sndae B ﬁafmﬁuct ed without the
pi | ot control | &y braki i hel ers woul d begin 15

tilting forward as soo as the cyclic control Iev; I s noved

Cyclic pitch control - Throttle lever

lever position position

|
! e
I Q}%'
| °
| s
I

Nose up pitch Nose down pitch idle Full power

FIG. 8



forward beyond the neutral position. Wil e the propellers are in

the process of tilting forward, the nonents caused by changes in
cyclic pitch, with a small reduction as expl ai ned herei nabove, are
transmtted 20 to the aircraft gh the danmpi ng system The cali ber
of nozzle 111 has been sel ec 0 be narrow enough to restrain

the tilting speed wf the propellers to very |ow val ues (.75 rpm=

4.5 degrees/s) so Hﬁct there is no appreciable change in the control
nonents applied byhh~e pil ot through 25 cyclic pi tch adj ust nents.
During this step of {the transition, the pilot's only job Is to

mai ntai n the aircraf\' accel er nat its deS|red val ue and the
clinb trajectory alog | S deswav atL / ssary corrections
are made using the cI| pi tch Im gexarrple, if the

\
aircraft is clinbing \-re t han de5|red al | I's necessary to
correct the path devia ontrol |ever
forward to | ower the Y ) As f s the tilting of the

propellers is concerneé at actually happens during the early
stages of the Nransition\fromvertical to horizontal flight is
that the

Cyclic pitch control Throttle lever
lever position position
<.
Nose up pitch  Nose down pitch idie " Full power

FIG. 9 y



20 . propell ers thensel ves do not rotate downward, but, rather,

the rest of the aircraft rotates upward. That is to say that t he
propel l ers do not nove relative to the ground, but the aircraft
itsedf does. The aircraft rotates lg@e original 5 nose down
attitude it held in Step 2, to a | titude, and then to a nose
up attitude. This rotkqtion of the fusel age 11 reduces to elimnation
the negative lift caud by the main wing 19 and its resulting

upward pitching rren The | oss of the upwargd pitching nonent is
conpensated for oh\ I ncr | NGl | er mpg produced by the
\ heir f ph49-st' xt )

canards 41 with

Cyclic pitch control Throttle lever
lever position position

{

|

; AN
| ,

|

|

o

Nose up pitch Nose down pitch idie Full power

FIG. 10




At this point, as the aircraft's horizontal velocity is only 10-20

ms (32-64 fps), nost of its lift is stiII bei ng produced directly
by the thrust Fr of the propellers. However, as the horizonta
velocity increases and the 'Lﬂgxzraft begins to pitch up, lift
begins to be produced in I ncreasing anounts by the wing 19 and the

canards 41. Up hi s point, the po has been at its maxi nal
full power settincheﬂei 7 city of the aircraft 20
h& p

reaches 25 nis (82 fps), t r alrcraft to
maintain its position w thout accelerat| Is inferior to t he

maxi mum anount of power du té corresponding to the
one engine inoperative ( E) I ) Therefore, the pilot is free to
throttle the engines 17 Kk W to a | ower power setting.

Step 5. About ten seconds latery the aircraft attains a hori zont al
vel ocity of 50 m's (164 fps). Ah this speed, the w ng and the

hori zontal stabilizer 40 prOV|d-\enough lift (f[err] + f[err]) to
account for the weight My of the\glrcraft If not 30 al ready done, the
pil ot can rel ease the brake pressyLe—+o e propellers to

nmove to their fully horizonts

f or war d tran5|t|og__gn¢?'r"-:
==

posi tion. 6. The

\\

Cyclic pitch control Throttle lever
lever position position

|
t
1
|
|
|
|

Nose up pitch Nose down pitch idle Full power

FIG. 11 y



propellers are at their fully horizontal position and are 35 | ocked

into this position using the pilot controlled | ocking mechani sm
The aircraft accelerates to its clinbing speed of

21 . 70 m's (227 fps), andthEalg'ts crui sing speed of 100 to
125 m's (328 to 410 fps) (actual cr gpeed depends on aircraft

altitude). It is now, for all igntents and_purposes an airplane. Its
angle of attack and trimare rwged.ﬁnﬁ olift the aircraft at
all speeds and altitudes. The hﬂn f are used by the pilot

to trimout the aircraft, so tat the cyclic control can be left

near the

Cyclic pitch control Throttle lever
lever pqsition position
I oe’(&

Nose up pitch  Nose down pitch Ty -7 power

FIG. 12



neutral position w thout any permanent pilot's strain. Propel | er
pitch and the power setting of the engines 17 10 are chosen based on

t he necessary configurations for cHi 0 out, and then for cruise.
Step- 7. The aircraft is in full cruising configuration ; t he canard
flaps 43 ,have. been retracted and the cyclic pitch control is near
the neut fal sftion. The thrust Fr acts 15 along the central axis of
each pr®del | er £} The aircraft is in level flight at a speed

bet weeng 300 ang 125 m's (328 f?s and 410 fps). The pilot begins the
aircraf@'ls desilent. THe aircraft is slowed to 50 nf's (164 fps) as
the pilbt] pgiT'YF ne throttles back toireduce 20 power. The wing's angle
of aﬁ@éﬁh"+|lr gses and the pilot\ ; conpensates by extending the
canard T lfapg 4 %in order to

' dak ance out the wing's lift and to
mai ntain thé cy¢lic c ‘

( r bar the neutral position.
Wien the aircraft reaches a f@fti velocity of 50 m's 25 (164 fps),
the pilot stabilizes the descept

A ,-,ﬂwéﬁ, -3 ms (-10 fps) and a
sl ope of 6 % Step jijrcraft's configuration at this stage
of backward transitiop 8 .simlar to t he aircraft's
configuration during Step 6,5Hbm§7a-n$:ngine power is
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30 . reduced, since the aircraft is descending instead of clinbing

or accel erating. Bef ore beginning the actual transition from
hori zontal to vertical flig t4/2(1)e propeller revs are set to the
appriopriate setting. This setting is Simlar to the take-off 35
setting, both of which are higher than the cruise setting. Step
9. The beginning of the actual transitiqgn fijnom 4
22 hori zontal back to vertical f\igax<begins as th Lt
retracts the canard flaps 43. Since the f\4f have been if
retracted, the noment caused by the%:lift of§ | nust nol—3 2
w .o === BeefFiin crffressannscncalli e e,
. p-"tl T : > o
FH £
L A—s
.;..___j < 3
<
F
n
O
L

=100 m/s
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be bal anced by an upward pitching nonent caused by the 5 propel lers. As

the pilot retracts the flaps 43, he or she must al so pull back the
cyclic control to naintain the aircraft's attitude. At this point,
the propeller's thrust Fr acts lel to their central axis and is
applied at a | ow poi nt of the'lgﬁf | er disk. 10 Step 10.
The | ocks securing the propellers to the boom are rgelfased and the
valve 113 is opened. The propellersy pi vot u‘%ggd as a result
of the upward pitching nonent clic, pel l er pitch.

Al'l aerodynam c nonents are tr e Qropellers to the
fusel age 11 15 t hrough the danpi ng'\system /= After 10-20
seconds, the propellers have gone fro hori zontal axis

position (0) to the fully tical i ! 90|QLLL1. The
propel l ers stop pivoting hey £t he bl ocki ng
mechani sm Once the 20 propeller eo90[err]'$§3“t|on
al | aerodynam c nonenms “ar e tfransm g ed frog{t pellers to the

fusel age 11 through the bl ocki*ad,me hanjsm
tilt backward, the thrust Fr tfey.
lift is produced by the 28

(f[err] + f[err]).

Y he propellers
land nost of the
. the w ng

FIG. 15

Propeller axis :
vertical



Step.11. The pilot proceeds with the transition from hori zontal to

vertical flight by further slow ng down the aircraft. Engi ne power
is increased, resulting in increased pitch and thrust Fr. The
aircraft is kept at a slight nose 1;6&20 attitude, so that the thrust
has a backward conponent and el'ps to slow down the aircraft.

At this point, the wash of the prqpellers causes an airflow pattern
which | owers the angle of attack of the w ng and reduces the anount
of lift (f[err]) produced by the wikg. As 35 the aircraft sléws to a
hori zontal velocity of 25 nis \ (82 fps), nost of the lifx production

is transferred fromthe (;’. 23

FIG. 16



wing.to the propellers. Lift produced by the horizontal stabilizer
40, with the flaps 43 retracted, is ligible. The pil ot
conmmts to finishing the backward tf'&eréption by preparing to set the
aircraft down as soon as the landing 5 area is in sight. Engine power
is once again increased, and the nose of the aircraft is pitched up
even hi gher. The propeller wash acts as it did in Step 3, resulting
in negative |lift being produced by the wi ng. However, the

aircraft's nose up attitude as well as its downward 10 trajedPery cause
the negative lift produced to be nuch | ess than that prodoe®d during
Step 3. Furtkernore, the aircru‘ flight configuration al so
ensures that the propellers—w RMai n pressed agai nst tsgzr
vertical stop and will not pivpt downwar d. The cyclic con | | ever
is kept pulled back to 15 at the propellers continugjfo rest
agai nst the verti cal Step 12. At extrenely | ow
speeds, the airfl ow generatef . by the propellers beconmes simlar to
that in Steps 1 and 2. To cpnpl et t hgl backwar d t rgnsi tRpnt he

pi |l ot adjustg,the 20 poper to Jmaintailn the aircraft's)desirked altitude
as he or she positigns thefaircrafft over the |andihg sjte./Then, the

N

| ( .
S
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pilot sets the aircraft down as vvo_w&(ge done wth a conventi onal
hel | copt er. Control of ircraft wwth respect to
anti-symetric 25 . degrees of freedom nanely aircraft roll and yaw nmay
be - expl ai ned as foll ows. M\hen the aircraft is hovering or
nmoving at extrenely low \ speeds, rolM™control is achieved by
anti-symmetric variations '\‘ of | at eral-cycl ic pitch, wthodt changing
the general pitch 30 of \t he propel |l erg 2These variati ons afe commanded
by the pilot by way of noving the lic pitch control{lever left or
right. The general propeller Ritch nust rmi n at an equal/_//: setting
for each propeller. The cyclic:variations use |ift o -/cfi fferentials
on the right and |l eft hal ves of\-,t he propeller 35 'r'sk?-./ The lift

differentigls lead do roll i nduckng nonents ¥hat afe jransmitted
t hrough t ropel | er\ hubs and th‘Q. boons /,./ / I

0 \ \ 7 /-

N : ) . ; J




24 to the fuselage 11. The i@éql nduci ng nonents are highly

effective, and can be generated by c pitch variations of only
2[err] or 3lerr]. Furthernore, the anount of pressyre exerted by t he
pilot ont control lever to affect the pifgh chaljges is 5 m ni mal ,
and there¥®e does not require anygsort of Y- ~m=ggﬁani cal
boosting syséem Such a boosting soEm Woul /p,e-’ necé‘sQary | f
changes bei ng made to col Ingc™ ve\proRel.+ers pif ches,.

Yaw contr s_achi gged by antiA\synyet N cA‘hahges t¢ 10 / | ongi tudi nal
cyclic pitkh, The u of symmetr\c anieés\to | opgi tudi ndl cyclic
pitch as a nethod of Wircraft pitgh \/ oritrol hpsal ready been

di scussed. |In the casq of yaw /7 qontkol\, Yhe oppgsing pitching nonments

caused by the chahges \™.__ in cyXiic\pitkh\ih each)propetTer cancel each
ot her out. 15 Howewer , ‘due\tg/t e e\asg] o ty instthe-Ti nkagejjod, each
propel | er can r] ‘out o/ Yt A he_of her |

11t 2[err] or 3[8Q
(anti-syrme7%al I QA‘. = res -@ yt /i
D n, ré
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angles, and the resultant differences in fore and aft conmponent s of

lift” of each propeller, a yaw ng noggmgi s 20 created. The nagnitude of
this nmoment is great enough that it Wl caus¢ythe aircraft to yaw.
As a’ side note, during |low speed flight, itgis inport. t to have a
hi ghly effective yaw control nmechanismto ppensate for w nd gusts
and air side-slip angle on the 25 alrcrgf )tg)lateral W nds.

The nmethod for roll contrgl
during high speed | eve

roll control can be i
the anti-symetric
forces which sl /
forces are theJi
behi nd the radi al A
expl anation. A graphi cal
The radial lift force is dud ta
t hrough the propeller, and

descri4xd above c. ef fectively used
' Thﬂ means tgmu te sane net hod of
ph.,~ of f%lght At hi gh speeds,
5 3 gnglc pi/tch cause radia
Tt pjopel | ers. These
//) ' The reasons
—=propel | ers require an
Ol ¥en in Fijgures 15 and 16.
e hi gh val ue of $axi al speed V
\
\
\

FIG. 20
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25 ' t hecsubsequently large increase in general pitch. For VERIFIED TRA)
wexanple, at a cruising speed V equal to tip speed [err]R of the ?"AWE’-‘ES
propel I er bl ades, there exists a general pitch angle of 45[err] - IgS oy
the extremty of each blade. Furthernore, the general 5 pitch angle is
even greater at |ocations on the bl ade which are closer to the
bl ade's root. In a case where cruising speed is half that of the tip
speed of a blade, half of the | engt h of each propeller blade, fromO
to .5R, is at a general pitch angle greater than 45. In these
conditions, .a 10 variation of lateral cyclic pitch Al causes
differences in lift AF between the right and left sides of the
propel | er di sk. (The propel e imagi nary di sk created by
the rapid rotation of the propelleb%djt’tél*;f%ch onent in _

b2 222222 2222 22 2 23

I, Isabelle Oudard

C/0 CABINET MALEMONT - 42, avenue du Président Wilson 75116 PARIS, France
do hereby certify that I am well ac:juainted with the English language and am a
competent translator thereof, and that the attached translation made by me is a true
translation to the best of my knowledgc and belief into the English language of the
claims on the basis of which the International preliminary examination report was issued
on August 25, 1998 in connmection with International patent application

PCT/FR 97/00896 filed on May 22, 1997 in the name of Jean SOULEZ-LARIVIERE.
e e -

Paris, this 3rd day of December 1998




3 REPLACED SHEETS SG _
the plane of the propeller disks AFr is dreated than axial 15

cominent A St e e o e oD

di sks, resulf[1 Dyawing@) sipggect.i.catmpaged ......... radial |ift force. If the right
propel | er i $[7 @fbatraang :paged ....cl wegede..and the left propeller is rotating

counter- 20 clockwi-s sed by the radial lift AFr (Fig.

16) acts in the sane direction ast ment induced by the - -
propellers when the aircraft is hovering (Fig. 15). Therefore, this
techni que of using lateral cyclic pitch variations for roll control

Is effective during all stages of 25 f”ﬁEt and can be used from
take-of f to touchdown as the sole of roll control.

As far as anti -synrr.etpr vervaldall itaikeoEf laoidyilamdiimg aircrafu;y@qm:p'jsigtgare
concerned, |1 f Lhef 0Cki g, FRRRGOLS TGS 0alrg ona (12FkEfa &S rAdriAgslan

flight, an ant I Ng the propellers would result in
an addigional ¢b6)ing neimgt (19) moupkednoopaihr) FeAEWardrhepds okkb)it @

m ght seem negg %Pf%é(n{é’l stablllgéi(e m?sxaaﬁneeat bl tHec Fered @na/qu2);
control during evel fli

Howeyve
characteri sti oaopai-ﬁeOf OPPOSqu\R‘PﬁW%n(zang‘Bc) jr?‘i/ }ﬂﬁeﬁ?’r%}’a{"é’ it h
a control 35 gusdBaEani(IM),S PetwaeheIw ywang. tmm pf and nthe phegdrrontal

the stabilizer (40); each boom having a free end distal of the
10 fuselage (11) on which is mounted a propeller nacelle (33,
35) carrying a propeller (37) having an axis of rotation and
driven by engine means (17) through drive shafts (45), the
propellers (37) each having a -propeller'hub (55) and blades
_ (59); wherein each propeller blade is journaled in the
15 corresponding hub (55) so that its pitch may vary, each
propeller further. having means for varying the pitch of the
blades thereof cgllectively and cyclically along the
longitudinal azimut and lateral azimut about its axis of
rotation; the aircraft further comprising pitch, roll and yaw
20 control means available to the pilot, each propeller nacelle
(33, 35) being mounted on the free end of the corresponding
boom by a tilt pivot (93) and being able to tilt between a
first position, in which the axis of rotation of its
propeller is substantially horizontal and a second position,
25 in which said axis is substantially vertical;
characterized in that the nacelles (33, 35) are freely
tiltable about their tilt pivots ( 93), and in that the
nacelle free tilting is controlled by appropriate brake means
(95, 106, 111, 113 and 114). '
30 2. The aircraft according to claim 1, characterized in
that the means for breaking the tilting of the nacelles (33,
35) comprises two rods (95) transm:.tt:.ng the tilt angle of
said nacelles (33, 35) with respect to the booms (27, 29)
thereof to a central device for limiting said tilt angle
35 between 0 degrees and 90 degrees as well as the ra of
variation of said angle. REPLACEMENT SHEET
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;?Jirﬁr‘ﬁ(Zf ;t sl ower speeds, the airflow passing around the “I |HJ “ﬁl" |II|

hi gh speeds acts on the vertical stabilizers (fins 25

each end of the wing 19 to give the aircraft required yaw stability.
Therefore a yaw control 5 mechani smis not necessary when the aircraft
Is in high speed, level flight. As is the case in other conventional
airplanes traveling at high speeds, only pi29ch and roll cont rol
mechani snms are necessary and therefore are the only two control

mechani sms the pi |3t Fae alrgrafsr apeprdingodq claim 2, characterized in
that the central device comprises a stop (106), which

prevents the tilt angle- from exceeding the value of 90
degrees backward.

5 4. The aircraft according to claim 3, characterized in
that it has a centre of gravity located forward of the booms
(27, 29), the pitching down moment of the fuselage being
transmitted to the propeller nacelles (33, 35) by the stop
(106) when the latter is engaged.

10 5. The aircraft according to claim 2, characterized in
that the central device comprises a damper for limiting the
rate of variation of the tilt angle during the transitional
phases of flight, without causing any substantial change in
the pitching moment transmitted to the aircraft.

15 6. The aircraft according to claim 5, characterized in
that the damper compriées a rod (101) connected to the
central device and carrying a piston (103) movable in a
cylinder (105), the cylinder having, on each side of the
piston, openings interconnected by a conduit (107, 109)

20 comprising a calibrated nozzle (111).

7. The aircraft according to claim 6, characterized in
that the conduit (107, 109) contains a valve (113) forming
one of the appropriate brake means which is actuatable
between an open position permitting a fluid flow slowed down

25 by the sole nozzle (111), and a closed position preventing
the fluid flow and thereby the movement of the piston (103).
) 8. The aircraft according to claim 1, characterized in
that the tilt pivots (93) between the propeller nacelles (33,
35) and the booms (27, 29) each comprise a locking device

30 (114), which is engageable to lock the propeller axis
parallel to the aircraft axis in high speed flight, and
disengageable to allow for free tilting of the nacelles (33,
35) during transitional flights.

9. The aircraft according to claim 1, characterized in

35 that the horizontal stabilizer (40) comprises two pivotable
flaps (43).
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10. . while this pagiiculal aideratinais in high speed, |eve
Alight. ol | cont ol FEPUAGHAR SHEEFAcessary for (e AN AR
abl-e to turn effect|Ve dllers ocked at oS w
posjtion and anti-sy HC EEHW@QIOHQ of Iongltudlnal cyclic pitch
are not used. 15 Q aircraft is transitioning between

vertical and tal flight nodes, the control nethods descri bed
above for fow and hi gh speed flight 3@main effective and can be

used. Anti-symetric-ciramges-t-o-the | ateral conponent of cyclic

pitch cause the ai AOraf Theo aixgragind ageprdingicdoa gdaims nggl i§ignd 9,

arnunz of yam/ﬁﬂabﬁchgrigeaaﬁdﬁﬁﬂaﬂmﬁﬁetB&tch contHdIP| dehd Obbmpfi 8L ai t
also turns rig

AL e S8k 192) G0ReECked e the Tonglnfbhal Bkl piade piten

when the aircr arhb:iatibhylmu;mi airrespectcbvzleret‘e t.heeeda@sikﬂ.e htiptipg) | and
are onl g sl ghlzbﬁt&b%edinzéddiuéﬁ t::|E5 tﬁbr -“te%] T %%ﬁ%aiﬁ‘ébﬁ%‘ g%f.tch]
and I b ro

i ncr eases t ho trve anount

is produced. of the siweveft, tﬁéer%kfemﬁpmd/dqaq)awn félmnwaf@ctlw Pe

aircraft accel ¢ha! 6gak@11és Gl &b%i%&%&@lmduweﬁ tdHe Y @Wtended/retirdlitkd! ¥
provided by the wing' s fins_ 25, nportant to note that the

benefit of thePPgditipn of the FtPPi#&F€€ 5&ﬁ8?a?éa)by the propellers is

directly linked toll. The aircraft according to claim 2, characterized in
10 that each rod (95) is a torsion rod such that each of the
propeller nacelles (33, 35) may accept a difference of

approximately + 3° with respect to the tilt angle.

12. The aircraft according to claim 11, caracterized in

that the yaw control means is connected anti-symmetrically to
15 the longitudinal cyclic blade pitch wvariation means, the

action of said yaw contrdl means inducing a moment on the

propeller nacelles, a differential tilting of up to * 3° of

said nacelles due to the torsional elasticity of the rods

(95), and a yaw moment on the aircraft which is proportional
20 to the sine of the tilt angle.

13. The aircraft according to claims 10 and 11,
characterized in that the yaw control means comprises the
pitch control stick (121) and rudder pedals (131), the ends
of which are connected to the longitudinal cyclic pitch

25 variation means of the propeller blades.

14. A vertical takeoff and landing aircraft, comprising
two right and left propellers (37) each supported by a
nacelle (33, 35), the nacelles being pivotally mounted to
tilt between vertical and horizontal orientations, each

30 propeller including means for varying cyclically the pitch
thereof along the lateral azimut, and roll control means
available to the pilot,

characterized in that the pitch control means is
connected anti-symmetrically to the lateral cyclic blade

35 pitch variation means, irrespective of the tilting of the
nacelles (33, 35), and in that the direction of rotation of
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- the.second design characteristic of the invention, the
¢ of ~a variable cyclic pitch propeller and a rigid hub”“l Iam#um”m
lift is concomtant with a nonment passing 35 transversel y *t heoug

propeller due to the significant amount of general propeller pitch
(45[err]). A helicopter rotor

27 with hinged blades is by design unable to transmt such a
transverse nonent and would act on its ow3lo conpensate for and
therefore elimnate the nonent, and with it all radial lift. A
conventi onal &heppxopeddeys Lsr thenhsuperdiviergent cone, 5in whigh &he cighiti ¢

pitch varied, jrpeiiche IMNEGLaeiRg Blobk@ise and the left propeller is
rotating counter-clockwise, the roll action of the cyclic
radial components of the aerodynamic forces on the blades
5 being thus in the same direction as that of the axial
components and adding thereto, and then substituting thereto
as the tilt of the nacelles changes from the vertical to the

horizontal.

15. The aircraft according to claim 1 , characterized in

10 that the wing (19) is placed above the fuselage (11) so as to
be unaffected by the propeller wash.

16. The aircraft according to claim 1, characterized in
that each blade (59) comprises a root, which is journaled on
the hub (55) by a female insert (61) surrounding a male

15 spindle (57), a first bearing (65) located at said root and
a second bearing (63), which is spaced apart from the first
bearing.

17. The aircraft according to claim 1, characterized in
that the cyclic pitch variation of each blade (37) along the

20 two azimuts is controlled by a swash plate (79).

18. The aircraft according to claim 10 or 12 or 14,
characterized in that the connection between the control
means available to the pilot and the cyclic blade pitch
variation means comprises a flexible control drive, which is

25 not susceptible to the tilt of the propeller nacelles (33,
35).
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1. A vertical takeoff and landing aircraft, comprising a
fuselage (11) having a forward end (12) and a rearward end
(16); a wing (19) mounted on the rearward end (16); a
horizontal stabilizer (40) mounted on the forward end (12):
a pair of opposed booms (27, 29) carried laterally by the
fuselage (11), between the wing (19) and the horizontal
stabilizer (4()); each boom having a free end distal of the
fuselage (11) on which is mounted a propeller nacelle (33,
35) carrying a propeller (37) having an axis of rotation and
driven by engine means '(17) through drive shafts (45), the
propellers (37) each having a propeller hub (55) and blades
(59); wherein each propeller blade is journaled in the
corresponding hub (55) so that its pitch may vary, each

propeller further having means for varying the pitch of the _

blades thereof . collectively and cyclically along the
longitudinal azimut and lateral azimut about its axis of
rotation; the aircraft further comprising pitch, roll’ and yaw
cdntrol means available td the pilot, each propeller nacelle
(33, 35) being mounted on the free end of the corresponding
boom by a tilt pivot (93) and being able to tilt between a
first position, in which the axis of rotation of its
propeller is substantially horizontal and a second position,
in which said axis is substantially vertical;

characterized in that the nacelles (33, 35) are freely
tiltable about their tilt pivots (93), and in that the

nacelle free tilting is controlled by appropriate brake means

(95, 106, 111, 113 and 114).

2. The aircraft according to claim 1, characterized in
that the means for bfeaking the tilting of the nacelles (33,
35) comprises two rods (95) transmitting the tilt angle of
said nacelles (33, 35) with respect to the booms (27, 29)
thereof to a central device for limiting said tilt angle
between 0 degrees and 90 degrees as well as the rate of
variation of said angle. REPLACEMENT SHEET
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the basis of which the International prelimnary exam nation report was

i ssued on August 25, 1998 in connection w3 h International patent

appl i cati on PCT/FR 97/00896 filed on May 22, 1997 in the name of Jean

SOULEZ- LARI VI ERE. 3. THearakrcxaft éhcbtﬂ@ngﬁtdkckatnr2192&aracterized in

that the central device comprises a stop (106), which
prevents the tilt angle from exceeding the value of 90
degrees backward.

5 4. The aircraft accord:lng to claim 3, characterized in
that it has a centre of gravity located forward of the booms
(27, 29), the pitching down moment of the fuselage being
transmitted to the propeller nacelles (33, 35) by the stop
(106) when the latter is engaged.

10 5. The aircraft according to claim 2, characterized in
that the central device comprises a damper for limiting the
rate of variation of the tilt angle during the transitional
phases of flight, without causing any substantial change in
the pitching moment transmitted to the aircraft.

15 6. The aircraft according to claim 5, characterized in
that the damper comprises a rod (101) connected to the

. central device and carrying a piston (103) movable in a
cylinder (105), the cylinder having, on each side of the
piston, openings interconnected by a conduit (107, 109)

20 compr:l.sing a calibrated nozzle (1lll).

7. The aircraft according to claim 6, characterized in
that the conduit (107, 109) contains a valve (113) forming
‘one of the appropriate brake means which is actuatable
between an open position permitting a fluid flow slowed down

25 by the sole nozzle (111), and a closed position preventing
the fluid flow and thereby the movement of the piston (103).
) 8. The aircraft according to claim 1, characterized in
that the tilt pivoi:s (93) between the propeller nacelles (33,
35) and the booms (27, 29) each comprise a locking device

30 (114), which is engageable to lock the propeller axis
parallel to the aircraft axis in high speed flight, and
disengageable to allow for free tilting of the nacelles (33,
35) during transitional flights.

9. The aircraft according to claim 1, characterized in

35 that the horizontal stabilizer (40) comprises two pivotable
flaps (43).
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10. The aircraft according to claims 5, 8 and 9,
characterized in that the pitch control means comprises a
stick (121) connected to the longitudinal cyclic blade pitch
variation means, irrespective of the nacelle tilting, and
controls, in addition to the short term instantaneous pitch
of the aircraft, the slow forward/backward tilting motion of
the nacelles in combination with the extended/retracted
position of the stabilizer flaps (43).

11. The aircraft according to claim 2, characterized in
that each rod (95) is a torsion rod such that each of the
propeller nacelles (33, 35) may accept a difference of
approximately t+ 3° with respect to the tilt angle.

12. The aircraft accordirig to claim 11, caracterized in
that the yaw control means is connected anti-symmetrically to
the longitudinal cyclic blade pitch variation means, the
action of said yaw control means inducing a moment on the
propeller nacelles, a differential tilting of up to = 3° of
said nacelles due to the torsional elasticity of the rods
(95), and a yaw moment on the aircraft which is proportional
to the sine of the tilt angle.

13. The aircraft according to claims 10 and 11,
characterized in that the yaw control means comprises the
pitch control stick (121) and rudder pedals (131), the ends
of which are connected to the longitudinal cyclic pitch
variation means of the propeller blades.

14. A vertical takeoff and landing aircraft, comprising
two right and 1left propellers (37) each supported by a
nacelle (33, 35), the nacelles being pivotally mounted to
tilt between vertical and horizontal orientations, each
propeller including means for varying cyclically the pitch
thereof along the lateral azimut, and roll control means
available to the pilot,

characterized in that the pitch control means is
connected anti-symmetrically to the lateral cyclic blade
pitch variation means, irrespective of the tilting of the

~nacelles (33, 35), and in that the direction of rotation of
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the propellers is the superdivergent one, in which the right
propeller is rotating clockwise and the left propeller is
rotating counter-clockwise, the roll action of the cyclic
radial components of the aerodynamic forces on the blades
being thus in the same direction as that of the axial
components and adding thereto, _and then substituting thereto
as the tilt of the nacelles changes from the vertical to the
horizontal. _

- 15. The aircraft according to claim 1 , characterized in
that the wing (19) is placed above the fuselage (11) so as to
be unaffected by the propeller wash.

16. The aircraft according to claim 1, characterized in
that each blade (59) comprises a root, which is journaled on
the hub (55) by a female insert (61) surrounding a male
spindle (57), a first bearing (65) located at said root and
a second bearing (63), which is spaced apart from the first
bearing.

17. The aircraft according to claim 1, characterized in

_ that the cyclic pitch variation of each blade (37) along the

two azimuts is controlled by a swash plate (79).

'18. The aircraft -according to claim 10 or 12 or 14,
characterized in that the connection between the control
means available to the pilot and the cyclic blade pitch
variation means comprises a flexible control drive, which is
not susceptible to the tilt of the propeller nacelles (33,
35).
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