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[57] ABSTRACT

The invention relates to an improved type propellor
means and driving arrangement therefor, especially as
applied to a flying craft which is directionally control-
lable according to the principles of gyroscopic preces-
sion as disclosed in the parent application. The propel-
lor comprises a rotating annular loop between whose
inner and outer radial walls are mounted blades. A
pair of concentric loops are oppositely rotated by an
engine in a manner whereby the counter-torque result-
ing from driving one of the loops is totally dissipated
in driving the other loop whereby no torque is im-
parted to any static portion of the craft.
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1
PRECESSOR FLYING CRAFT

This application is a continuation-in-part of applica-
tion Ser. No. 845,381 filed on July 28, 1969 now U.S.
Pat. No. 3,633,849, the entire disclosure of which is
hereby incorporated by reference hereinto.

For purposes of brevity, the operation of the craft
will not be described in full detail since such detail is
set forth in said parent application. It is understood,
therefore, that only those portions of the craft which
differ from the disclosure in the parent application will
be fully described herein.

The basic invention to which the parent and this ap-
plication relate is a flying craft which is directionally
controlled in accordance with the principles of gyro-
scopic precession, the craft as a whole constituting a
Foucault (free) gyroscope.

The present application is specifically directed to
various improvements to the craft of the parent appli-
cation, as follows.

First, the provision of an improved type of air propel-
lor means for the craft, namely: a new type double-
walled, ducted type propellor.

Second, the provision of a different driving system
for the propellor within the same limitations set forth
in the parent application, namely: that the drive means
impart no rotative torque to the stationary inner struc-
ture of the craft.

Third, the adaptation of the basic principles of the
parent application to a craft, such as an unmanned
drone, which does not require a pilot cabin and various
structure appurtenant thereto.

Other improvements of a more detailed nature are
also disclosed.

The purpose of the new type propellor is mainly to
realize increased efficiency or thrust per horsepower.

The purpose of a different driving system is that of
being able to mount the driving engine stationarily
within the craft rather than on the rotating propellor
itself.

The adaptation of the basic invention to a drone type
craft is of paramount importance in that it reveals the
basic simplicity and variable applicability of the con-
cepts upon which the basic invention is based.

The improved propellor of this invention has applica-
bility to all environments in which air-moving propel-
lors are employed and perhaps also to water-moving
propellors. In any event, the propellor of this invention
clearly is applicable to all air moving or air pressurizing
fans, blowers, and the like although it has been espe-
cially developed as a propulsive means for aircraft and
especially aircraft of the type disclosed in parent appli-
cation Ser. No. 845,381 filed July 28, 1969.

Ducted propellors per se are well known, their ad-
vantage being the elimination of propellor tip losses,
such as eddy currents at the tips which are common to
open type propellors. The circumscribing wall of a
ducted propellor, on the other hand, serves to guide the
air so that it flows axially even at the propellor tips.

In known ducted propellors, the circumscribing duct
is usually stationary and the propellor comprises solid
elongate blades extending radially from a central hub
up to the inner periphery of the duct, a working clear-
ance being provided between the propellor tips and the
said inner periphery.
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The efficiency of known propellors of both types,
open and ducted, is not of the highest order and it is an
object of this invention, therefore, to realize a propellor
having a notably higher efficiency as compared to any
known propellors. It is known, for example, that the
blade cross-section in known propellors varies from tip
to hub as also does the twist and angle of incidence of
the blade. This is necessary in known propellors be-
cause the circumferential velocity of the propellor
biades obviously is different at successive radial points
therealong. In fact, the rotational speed of the propel-
lor is limited by its tip diameter and corresponding tip
speed, which of course may not surpass the speed of
sound.

What this means is that the efficiency and usefullness
in known types of radially extending propellor blades
varies at successive radial points therealong and that
only a small part of the radial extent of each blade
(measured from the tip towards the axis of rotation) is
efficient in producing thrust. Propellor hubs are as
large as they usually are and the blades are often circu-
lar in cross-section for an extent adjacent to said hub
simply because the efficient portion of each blade only
commences at some point distally removed from the
rotational axis.

It is an object, therefore, of this invention to realize
a new type propellor which maximizes the utilization of
the most efficient radial extent of known propellor
blades.

It is a further object to realize a new type propellor
wherein the circumferential velocity, the cross-
sectional configuration, and the efficiency of the blades
varies to a minimum amount from the radially inner to
the radially outer limits of the blade.

According to the present invention, the blades are
not elongate members extending solidly from hub to tip
but are vanes radially separated from the hub. Further,
these vanes are mounted onto a circumscribing duct
wall which itself must rotate with the vanes and is,
therefore, a part of the propellor itself. Still further, the
circumscribing wall is complemented by a radially
inner wall to which the radially inner ends of the vanes
are attached.

In effect, therefore, the propellor comprises a rotary
hollow annular loop in which are mounted a plurality
of vanes (blades) which interact with the atmosphere
pursuant to rotation of said loop, said loop being con-
nected to a central hub by radial stays which occupy a
minimum of space and which are very light in weight.

As to the propellor driving system, the parent appli-
cation discloses in FIGS. 2 and 8 thereof a rotary drive
means which comprises reaction means located on the
rotating shell itself and which rotates with the shell.
Such an arrangement is employed in order to protect
the internal structure against any tendency to be ro-
tated by said drive means. The fact that the engines 9
and 10 of FIGS. 2 and 8 in the parent application them-
selves rotate with the rotating shell presents, however,
a disadvantage in that said engines are subjected to
centrifugal forces which complicate the running char-
acteristics and lubrication problems of such engines.

It is therefore an object of this application to over-
come the aforementioned disadvantages and to realize
a rotary drive means for a craft of the type of the parent
application, which itself may be non-rotating but espe-
cially not mounted on the propelior itself.
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A corollary object of this application is the realiza-
tion of a drive means for the aforementioned craft
which requires standard engines, readily available on
the market, instead of engines which must be especially
developed to withstand centrifugal forces. '

Specifically, it is an object of this application to real-
ize a drive arrangement, for the aforementioned craft,
whereby the drive engine may be supported on the sta-
tionary internal support structure of the craft and may
constitute a conventional internal combustion engine
and not necessarily a reaction engine means.

The problem to be resolved in order to realize the
foregoing, however, is that of eliminating the imposi-
tion of rotative torque upon the stationary support
structure and this problem is resolved herein by having
the drive engine drive two separate thrust producing
rotors in 2 manner whereby their respective torques
counter-balance and cancel each other. The concept of
one engine driving counter-rotating propellors in per se
known as, for example, in helicopters wherein one en-
gine drives two counter-rotating propellors, one axially
above the other. The known helicopter concept, how-
ever, is disadvantageous because the airstream of the
upper propellor detrimentally affects the counter-
rotating lower propellor, requiring more energy there-
for without increasing the thrust to a corresponding ex-
tent.

Further, a practical drive arrangement for two axially
superposed propellors would be extremely difficult to
realize in a craft of the type of the parent application
wherein it is necessary that the rotating propellors be
properly balanced so as to avoid the exertion of preces-
sive torques upon the craft. According to the present
application, however, the two counter-rotating propel-
lors are of the aforementioned improved type and they
are radially one within the bounds of the other so that
their respective airstreams do not interfere with each
other and, further, the means for driving them is very
simple.

The foregoing and the drone type craft will be better
understood with reference to specific embodiments of
realization of the present invention, a detailed descrip-
tion of which follows which is referenced to the accom-
panying drawings wherein:

FIG. 1 is a pictorial view of a new propellor accord-
ing to this invention;

FIG. 2 is an enlarged sectional view taken along line
3—3of FIG. ;

FIG. 3 is a graph of actual test results taken on a pro-
pellor of this invention having a venturi cross-section as
shown in FIG. 3;

FIG. 4 is an enlarged sectional view taken along line
5—5in FIG. 1,

FIG. § is a graph showing actual test data relating to
the new propellor of this invention;

FIG. 6 is a pictorial view of the exterior of a precessor
craft of the parent application having the new type pro-
pellor means of this application applied thereto;

FIG. 7 is a vertical view of the craft of FIG. 7;

FIG. 8 is an enlarged pictorial view of the wings,
blades, or vanes useable with the new type propellor of
this invention;

FIG. 9 illustrates a modified version of the wing of
FIG. 9;

FIG. 10 is detailed sectional view of the lower pole
of the craft of FIG. 8;
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FIGS. 11 and 12 are elevation views of two respective
drone type craft according to this invention;

FIGS. 13 and 14 are schematic illustrations of a new
type landing gear for any of the craft of the parent and
this application; and,

FIG. 15 is a graph of actual test results of a propellor
according to this invention.

With reference to FIG. 1, the propellor comprises an
annular ajrscrew, A, defined by outer and inner con-
centric boundary walls 2 and 3, between which are
mounted a plurality of blades or vanes 1. Stays 4 which
can be rigid or flexible connect the inner wall 3 to hub
§ which, in turn, is connectable to a rotary drive means.
The entire assembly of elements 1, 2, 3, 4, and 5, is
therefore integrally rotatable as a unit.

The blades 1 may be aerodynamically configured as
shown or they may simply comprise flat plates whose
angles of incidence will result in the production of
aerodynamic thrust during rotation thereof. Not illus-
trated conventional means may be employed to render
blades 1 adjustable as to angle of incidence such adjust-
ment being accompanied by a corresponding adjust-
ment in the height of walls 2 and 3.

It should be noted that the stays 4 may be of rela-
tively light construction because the stresses generated
by the centrifugal force of the rotating blades and walls
2, 3 are entirely absorbed by the circular walls them-
selves in the form of a loop tension. The stays 4 actually
are subjected to no or very little tension as the result of
rotation of the assembly and they, therefore, can be
very small in cross-section thereby giving rise to very
little drag. The walls 2, 3 likewise give rise to very little
drag because of their cylindrical shape. In this regard,
it should also be noted that the lack of obstruction in-
wardly of wall 3 (hub 5 and stays 4 occupying relatively
little space) makes it possible for a separate axial air-
stream to be developed within the cylindrical space cir-
cumscribed by wall 3. Such separate airstream can be
generated, for example, by another analogous propel-
lor positioned radially within the boundary of wall 3.

The hub § imparts rotational drive to the wall 3 via
the stays 4 and the vanes 1 and wall 2 of course follow
along since they are all integrally constructed.

An important advantage of the use of flexible stays 4
is the fact that they transmit no bending movement
from airscrew A to hub 5. Thrust forces which develop
in the airscrew are transmitted to hub 5 in the form of
tensile stresses via the stays 4 rather than in the form
of bending stresses.

With reference to FIG. 2, it is seen that the outer and
inner walls 2, 3 define therebetween a venturi, the pur-
pose of which is to widen the inflow and outflow wind
area and to assure a parallel outflow (slipstream) pat-
tern as compared to a converging slipstream pattern.
The vertical arrow in FIG. 2 denotes the air flow direc-
tion and it is seen that, for best results, the diffusion
angle is between 5 and 7°. It should not exceed 7° in
order to regain kinetic energy in the form of potential
energy. Further, the entrance angle b is preferably 30°.
The venturi walls can be streamlined.

FIG. 3 shows the experimental points determined
with a pitot to find the velocity distribution on the ex-
haust side of a double walled rotor according to this in-
vention.

The dimensions of the tested rotor were:
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Outer diameter 18.6 cm
Inner diameter 122 cm
Hub diameter 3.6 cm
12 blades: Cord 3.7cm
Length 3.2cm
Angle of incidence = 24°
2 boundary walls: Height 1.75 cm
RPM of rotor = 2000

A study across the diameter of the rotor was made at
three different distances, whereby the pressure was de-
termined with an inclined water gauge 1/200.

FIG. 3, definitely confirms the fact, that with this
type of rotor the down wash velocity does not become
twice the inflow velocity since it does not converge into
half the area of the rotor as is common to known air-
screws, showing that it has a higher figure of nierit than
the maximum theoretically possible with a helicopter
rotor.

Experiments conducted with a rotor with six blades
gave the same pattern. ‘

In the case of conventional propellors, it is known
that the slipstream is contracted to substantially half
the area of the propellor disc, such degree of contrac-
tion occurring within an axidl distance donwstream of
the rotor equal to said tip diameter. This means that the
final velocity of the air is twice the induced velocity. In
a propellor according to this invention, on the other
hand, no contraction of the slipstream occurs becatise
the respective boundary walls 2 and 3 act as a diffuser
and the final velocity is, therefor, equal to the induced
air velocity.

In view of the foregoing, and employing known for-
mulas for determining thrust, one arrives at the conclu-
sion that under equivalent conditions and with the
same power, the propellor of this invention provides 26
percent more thrust than conventional propellors.

A particular feature of the annular airscrew A of this
invention resides in the fact that the height of walls 2,
3 is much less than believed possible according to here-
tofore known theoretical considerations according to
which a ducted propellor would require a duct wall
height of at least 2 to 3 times the axial height of the pro-
pellor profile in order to achieve a cylindrical down
flow air pattern. The aforementioned heights are mea-
sured parallel to the rotational axis of the propellor or,
stated in another manner, perpendicular to the plane of
rotation of the propellor. In FIG. 4, the theoretical wall
height is shown by the dash lines which represent a wall
2" which is 2 to 3 times the height of wall 2, while the
plane of rotation is represented by the arrow 8.

Because of the aforementioned theoretical consider-
ations as to wall height, it has not been practical to use
ducted propellors in aircraft because the frictional drag
attendant to such a great wall height would be prohib-
ited since the drag losses are proportional to the wall
height. It has been found, however, that since the walls
2 and 3 of the propellor of the present invention rotate
with the blades, the actual wall height H need not ex-
ceed the height of the blade profile because the wind
inflow direction 9 is substantially along the direction of
the blade chord so that the effective wall height (the
wall dimension perpendicular to inflow direction) actu-
ally corresponds to dimension Y instead of dimension

On the other hand, in standard wind tunnel tests, the
inflow wind direction, as indicated by arrow 10, is not
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along the blade chord but is, instead, parallel to the
plane of rotation.

The boundary wall 2, in fact, is analogous to the end
plates which are often attached to the tips of wings in
conventional aircraft. It is well known that such end
plates increase the cross-section of the effective cylin-
drical stream of air which is deflected by the wing,
thereby increasing its lift coefficient. It is also known
that the effects of the end plates are not altered
whether they are in the same plane as that of the wing
or whether they are positioned above or below that
plane. Finally, it is also known that the induced drag
decreases linearly as a function of the end plate height
ratio while the skin friction drag increases proportion-
ally to the area of the end plates.

The foregoing known relationships, however, have
been found to not be applicable to the boundary wall
2 of this application and FIG. 15 documents this with
actual test data of the figure of merit for respective ra-
tios of blade profile height to actual wall heights (H in
FIG. 4). The highest figure of merit, in a test rotor ac-
cording to this application, was obtained when the wall
height (H) equaled the blade profile height, as shown
in FIG. 4.

The boundary wall 2, therefore, serves the primary
function of acting as a duct which prevents the air
stream from converging and thereby induces an axial or
cylindrical down flow air pattern and this results in 26
percent of efficiency. Another function of wall 2 is that
of preventing the formation of air currents (tip vorti-
ces) from the underside of the blade tip to its upper
side, which vortices reduce efficiency.

A major important feature of the ducted propellor of
this invention resides in the discovery of the criticality
of the diameters of the inner and outer walls 2, 3 rela-
tive to each other. Stated otherwise, the ratio of the di-
ameter of inner wall 3 to the diameter of outer wall 2
should be in the range of 0.55 to 0.75, the optimum
being 0.71, in order to realize maximum efficiency fac-
tor. Efficiency factor is a theoretical measure of the
thrust delivered by a ducted propellor as compared to
that delivered by a helicopter type propellor. That is,
a ducted propellor being one whose rotating blades are
confined within a circumscribing wall and a helicopter
propellor being one which rotates freely in the atmo-
sphere with no boundary wall.

Defined, the efficiency factor is a measure of what is
the thrust per horsepower of a propellor according to
this invention taking into account solidity ratio, veloc-
ity, and drag factors as compared to a helicopter type
propellor having ideal twist and taper and an outside
diameter equal to that of the outer wall of the ducted
propellor.

The criticality of the aforementioned diameter ratio
is illustrated in FIG. § wherein the curves 11 and 12 re-
spectively, represent calculated and actual test effi-
ciency factors for a ducted propellor according to the
present invention.

It should be noted in summary that the propellor ac-
cording to the present invention not only is a ducted
propellor, but is a particular type of ducted propellor
as follows:

a. The propelior blades do not extend radially from
a central hub; instead, they constitute blade por-
tions distancially positioned relative to their own
rotational axis;
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b. The blades are bounded on both radial sides
- thereof, inner and outer;

¢. Both bounding walls rotate with the blades;

d. The walls define a venturi nozzle;

e. The diameter ratio of the walls is within a particu-
lar range; and,

f. The height of the walls is within a particular range.

The foregoing results in a propellor of remarkably in-
creased efficiency relative to known types of either
ducted or open, helicopter type propellors.

The ducted propellor of this invention is relatively
noiseless for two reasons. First, the inner and outer
boundary walls prevent the formation and shedding of
vortices at the blade tips, which vortices are a major
cause of propellor noise. Second, it is not critical that
the tip speed be a maximum (sonic speed) because the
average speed along the entire blade radius is higher
than in conventional propellors, and therefore, sonic
boom is avoided.

Referring to FIG. 7, the craft comprises, as in the par-
ent application, a stationary cabin 20 which is cardani-
cally suspended from a rotating outer member 21 by a
Foucault type suspension system comprising successive
rings 25 and 27 and respectively perpendicular pivot
means 23, 26, 31 whose axes are A, C, B, respectively.
The craft operates and is controlled according to the
same principles of operation as disclosed in said parent
application. The improvement of the present applica-
tion, however, resides in the fact that the thrust produc-
ing means of the craft comprises a first rotor 21 carry-
ing blades 21’ and outwardly thereof a second rotor 60
carrying blades 60’.

The first rotor 21 is pivotally mounted to ring 27
along rotational axis B by pivot means 31. A drive en-
gine 28 is fixedly mounted on first rotor 21 and its shaft
29 is drivingly engaged at 30, with second rotor 60.
During operation of engine 28, therefore, the two ro-
tors 21 and 60 are simultaneously driven in opposite
rotative senses since the driving torque exerted by the
engine on rotor 60 is counteracted by an equal and op-
posite torque exerted on rotor 21.

The coupling means between engine 28 and rotor 60
could include a reduction gear means whereby the two
rotors would rotate at different speeds. The torque,
however, would always be equal and opposite in both
rotors because one is driven in counterreaction to the
driving of the other.

The inner rotor 21 may comprise a substantially im-
perforate shell 10’; which encloses the inner support
structure from the atmosphere. Alternatively said rotor
21 could be constructed analogously to rotor 60 which
comprises a rigid crown member 30 connected to shaft
29 of engine 28 at one pole of rotational axis B and a
rigid base plate 37 at the opposite pole of said axis. Ex-
tending from said crown and plate are flexible stay
wires 11 and 12 which support the blade assembly 60’.

The outer rotor blade assembly must be supported by
open means such as wires 11, 12 in order not to ob-
struct the air flow to the inner rotor blade assembly 21’

The inner rotor 21, however, may support its blade
assembly 21’ by means analogous to elements 30, 37,
11, 12 or it may comprise a substantially imperforate
shell 10’.

The following relationships should be noted.
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1. The torques of the two rotors must be equal and
opposite in order to avoid the exertion of rotative
torque upon the inner support structure and this
equality of torque is automatically assured in the
herein disclosed arrangement.

2. The blades for both rotors must be supported in
such a manner that the resultant of the forces act-
ing on the rotors passes through the center of grav-
ity of the craft; otherwise, precessive forces will be
exerted upon the craft. This, therefore, excludes
the possibility of arranging both blade assemblies
to one axial side of the center of gravity. They may
be in the same plane in which lies the center of
gravity, as illustrated in FIG. 7, or they may be on
opposite sides of that plane, but the resultant of the
respective lift forces must pass through that center
of gravity.

3. The most efficient utilization of power comes
about when the power of each rotor is proportional
to its rotational speed.

4. Since the two torques are equal (T, = T,), the
power of each rotor is proportional to its rotational
speed (P, = K, W), so that the following variable
parameters must be adjusted to satisfy the forego-
ing;

a. solidity
b. angle of attack
c. rotor blade area.

It will be clear that the ideal tip speed for each rotor
is the speed of sound in order to realize maximum
horsepower per unit area of blades. The use of a double
rotor is more efficient in this regard that a single rotor
whose blades have the same radial length as the blades
of both rotors combined. This is true because in the
case of a single long blade, it is only the tip which may
travel at the speed of sound while the remaining radial
extent must necessarily travel at a progressively de-
creasing speed as the distance from the tip increases. In
the case of the double rotor of this application, on the
other hand, the tips of both rotors may travel at the
speed of sound so that the difference in speed between
tip and root of each blade is less in the case of the dou-
ble rotor than it is in the case of a single rotor having
longer blades.

The blade assemblies 21’ and 60’ may comprise
blades of the type disclosed in the parent application;
however, for maximum efficiency it is preferable to em-
ploy ducted type propellors such as illustrated in FIGS.
1 to 5. With reference to FIGS. 6 and 7, it is seen that
the ducted propellor of the inner rotor 21 comprises
inner and outer concentric circular walls 4, 5 between
which are mounted the blades 21’. The outer rotor 60
also comprises analogous inner and outer concentric
circular walls between which are mounted analogous
blades 60’.

In FIGS. 6 and 7, the shell 10’ is shown as being radi-
ally spaced from the inner rotor 21 with struts 7' con-
necting said rotor 21 with said shell 16’ so that shell 10’
and rotor 21 are integrally rotatable with each other in
the same rotative sense.

The respective strut members 7', 11 and 12 because
of their minimum area give rise to very little drag
forces. Further, they support very little in the way of
forces since the centrifugal forces generated in the ro-
tating rotors are absorbed almost entirely by the loop
tension effect in the circular walls 4, §, 13, 14. The
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stays 7', 11, 12 must carry only axial thrust forces and
torque forces.

Instead of the rigid struts 7' for the inner rotor, stays
analogous to 11 and 12 could be employed for this ro-
tor.

The craft is controlled, as disclosed in the parent ap-
plication, through utilization of the principles of gyro-
scopic precession in order to alter the orientation of the
rotational axis B. To achieve this, shiftable weights can
be mounted in either of rings 25 or 27, as disclosed in
the parent application. The precessive torque, how-
ever, can also be obtained by providing means for vary-
ing the lift at one location relative to another on the
blade assemblies 21, 60’. FIG. 8 illustrates a practical
realization of this expedient.

Either all or only certain ones of the blades 21’, 60’
may include flap means 41 pivoted about axis 42 at the
trailing edge. These flaps can be controllably pivoted
through suitable control means extending from the
cabin to pivot means 42. The flap 41 of course acts in
a very well known manner as a “spoiler”, as is well
known in all aircraft. In order to steer the craft, the
flaps on diametrically opposed blades may be oppo-
sitely positioned so that there is a greater lift in one side
of the craft than on the other, this variance in lift im-
posing a precessive torque on the craft whose axis of
rotation B will consequently alter position.

It is to be understood that the control means for the
flaps will necessarily be such that as the respective
blades pass a certain point in their rotational path, the
corresponding flap will pivot in one direction and then
when that same blade passes the diametrically opposite
point the said flap will pivot in the opposite direction.
This will continue until the control means is de-
activated whereby the craft remains on a particular
course.

The spoiler means could, alternatively, be located in
the leading edge of the blade in the form of a passage-
way having a closure flap 41’ therein as illustrated in
FIG. 9.

FIG. 10 illustrates the construction of the lower pole
of the craft with specific regard to a means for controt-
ling the orientation of the outer ring 27 and through it
the cabin 20 of FIG. 7.

The shell 10’ and outer ring 27 are rotationally con-
nected to each other by means of pivot shaft 31 and rol-
ler bearings 34. Likewise, the plate 37, which, as al-
ready described, is part of rotor 60, also is rotationally
mounted about shaft 31 by means of bearings 38. The
shell 10" and the plate 37 can, therefore, freely rotate
in opposite senses without interfering with each other
while shaft 31 and ring 27 remain stationary.

Shaft 31 will, however, be subjected to some fric-
tional forces tending to cause it to rotate in one sense
or another. Further, it will be necessary to turn ring 27
to reorient the cabin 20 whenever a course change is
effected. In the parent application, a trimming means
is disclosed for this purpose. According to the present
application, such trimming means comprises a mag-
netic clutch 32,

The clutch comprises a magnetizable metal part 61
rigidly mounted on shaft 31, and respective electric
coils 43 and 44 mounted on shell 10’ and plate 37, re-
spectively. If coil 43 is energized, shell 10’ (also of
magnetic material at least in the vicinity of said clutch)
becomes magnetically locked with the clutch member
61 whereby shaft 31 and ring 27 are caused to rotate
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with the shell 108’ in one rotative sense. On the other
hand, if coil 44 is energized, shaft 31 becomes locked
with plate 37 so that said shaft and ring 27 are caused
to rotate in the opposite rotative sense together with
rotor 60.

Landing gear 39 is rigidly connected to ring 27
through shaft 31.

FIG. 11 illustrate an embodiment of the precessor
type craft which is contemplated to be highly usefly as
an unmanned drone having a multitude of military and
non-military applications. For example, in the military
field the precessor type drone can be used inter alia, as
a target, for reconnaissance, bomb carrier, radar car-
rier.

Referring to FIG. 11, the precessor drone is seen to
comprise an outer rotor 70 and an inner rotor 71 rota-
tively mounted about a common rotational axis B by
suitable pivot and bearing means 72, as described pre-
viously. An engine 73 is mounted on inner rotor 71 and
its shaft is connected to the outer rotor whereby said
engine while running, applies an equal and opposite
torque to both rotors, also as heretofore described.

The drone, however, is different from the previous
embodiment of precessor craft in that, since it is un-
manned, it does not require a cabin nor the appurte-
nant trimming and stabilizing means therefor. Specifi-
cally, the drone is seen to only require a single internal
ring 74 pivotally connected to inner rotor 71 by pivot
means 75 about axis B.

Said ring 74 includes a rigid platform means 74a
upon which are mounted a gyro-compass 77, amplifier
78, receiver 79 and servo 80. The compass serves to
sense changes in direction of the inner ring 74 which
changes are translated into signals sent to the amplifier
78 and from there to the servo 80. The receiver 79, on
the other hand, receives signals from Earth and trans-
mits them to said servo. The servo reacts to said signals
to activate the magnetic clutch 76 which is the same as
that described with reference to FIG. 11 and which, de-
pending upon the signals received by the servo, will ei-
ther clutch ring 74 to the inner (71) or outer (70) ro-
tor.

The rotors 70 and 71 for the drone are in accordance
with the construction set forth with reference to FIGS.
1 to 4. The directional control flaps 41 (FIG. 8) are
controlled in the drone by another receiver 81, which
receives signals from Earth and transmits them, for ex-
ample, to an actuator 82 which will cause the lighting
of one of a plurality of bulbs on plate P which is rigid
with the ring 74. A light sensing device (photoelectric
cell) 83, rigid with and rotative with inner rotor 71,
faces said plate P so that the lighted bulb or bulbs on
P activates said device which in turn (by means of a
battery) may transmit a signal to a solenoid in a certain
blade or blades of rotor 71 to actuate the correspond-
ing spoiler flap or flaps thereof whereby the lift distri-
bution of rotor 71 becomes unbalanced. This unbal-
ance gives rise to a precessive torque which in turn
changes the disposition of axis B and the course of the
craft.

Another receiver 100, actuator 102, television cam-
era and camera pointer 104 may be mounted on the
landing gear 106. Theoretically, the first receiver 79
could be eliminated and the camera pointed solely by
receiver 100, but the gyro compass 77 is still required
for preventing the ring 74 from rotating with the inner
rotor 71. ‘
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FIG. 12 illustrate another embodiment of the preces-
sor drone, which illustrate the variability of possible de-
signs which, however, all are based upon the common
precessor concept. The FIG. 12 embodiment differs
from that of FIG. 11 in that the inner stationary suspen-
sion structure involving either one or more rings 84 is
not symmetrically disposed relative to the rotational
plane of the craft, as heretofore been the case. In FIG.
11, for example, as in all previous embodiments of this
and the parent application, the suspension ring 74 is
symmetrical to rotational plane R. In FIG. 12, however,
the entire internal suspension structure is to one side of
plane R’. Further, in FIG. 12, the craft includes a non-
spherical rotating shell 91 in contrast to the heretofore
illustrated spherical shells.

The FIG. 12 embodiment is different also in the dis-
position of the drive means for the respective rotors.
The engine 93 is mounted on first suspension ring 84
(which is the counterpart of ring 74 in FIG. 11), by
means of a pivot means 85 which is coaxial with rota-
tional axis B. The engine in turn drives a gear means 86
which simultaneously is drivingly connected to the
inner and outer rotors to rotate same in opposite senses
with equal and opposite torque. It should be noted that
engine 93 imparts no rotational torque to ring 84 and
that the engine itself remains nearly stationary while
both rotors turn in opposite senses.

It is important in all embodiments, whether that of
FIG. 11 or FIG. 12 that the lift vector pass through the
center of gravity of the craft. The drone may not in-
clude passengers or other displaceable objects which
could displace the center of gravity away from the lift
vector. In a full cardan system, on the other hand, such
as disclosed in the parent application, a shifting of
weight in the cabin would not shift the center of gravity
of the craft because all the cabin weight is always car-
ried along the pivot axis of the cabin and then through
the successively perpendicular pivot axes to the center
of gravity of the system.

In this regard, it should also be noted that the trim-
ming motor disclosed in the parent application for ori-
enting the cabin or, in the case of drones, for orienting
only a single ring such as 74, need not be coaxial with
the rotational axis B of the rotors. Said motor could, for
example, be located on the axis perpendicular to the
rotational axis. It is important however that all struc-
ture located externally of the cabin be balanced about
the center of gravity of the craft in order to avoid un-
wanted precessive torque.

In the FIG. 11 embodiment the fuel tanks F are
mounted on the inner side of rotor 71. Fuel is fed to the
engine by a pump. Centrifugal force prevents a shifting
of the fuel weight in the tanks as the fuel is consumed.

In the FIG. 12 embodiment, on the other hand, the
fuel tanks 87 are located in the engine itself and are
properly compartmentized to prevent any change in
the fuel weight distribution as the quantity of fuel di-
minishes pursuant to consumption thereof,

It should be noted that inner rotor 71 or 91 may com-
prise an imperforate shell enclosing the inner structure
or it may comprise stay wires for holding the blade as-
sembly, analogously to the structure of the outer rotor.
If the inner rotor does comprise a shell as illustrated in
FIGS. 11 and 12, there should be an adequate radial
spacing 90 between the inner wall of the blade assem-
bly duct and the surface of the shell. This spacing is
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needed to separate the induced air flow from the shell
surface and thereby avoid the drag which would result
if said induced air were to flow along the shell surface.
In this regard, it will be noted that frictional drag is pro-
portional to AV? where A is the area along which the
air flows and V is the velocity of the air.

FIGS. 13 and 14 illustrate a landing gear devised es-
pecially for the precessor craft in order to resolve the
problem of take-off and landing in a cross-wind or on
an uneven terrain. The purpose of this gear is to permit
a landing or take-off with the rotational axis of the craft
being not necessarily vertical as would be the case if the
craft were landing in a cross-wind. In such an instance,
the craft would approach ts landing station and hover
thereover with its axis tilted to compensate for the wind
vector. It is necessary in this case that the landing gear
be tiltable relative to the craft’s rotational axis so that
said gear may squarely engage the landing surface al-
though the rotational axis of the craft may be inclined
as it approaches that surface.

The explanation of how the precessor behaves on
landing is as follows: when it is in the air, it behaves like
a Foucault or free gyro. If it lands perpendicularly with-
out any cross-wind present and on a flat horizontal sur-
face, it becomes on touching ground no longer a free
gyro but a balanced gyro, not precessing. But if it lands
with its rotational axis inclined to the horizontal (as in
a cross-wind or on uneven terrain) it becomes an un-
balanced gyro and immediately starts to precess. The
same applies in reverse during take-off maneuvers. It is
imperative therefore to make the base of the landing
gear tiltable in any direction with respect to the rota-
tional axis of the rotors, so that the craft’s precession
may be counteracted.

Upon impact with the landing surface, a torque is im-
parted to the craft but is counteracted by the pilot who
would at this moment employ “full flap counterpreces-
sion”.

With reference to FIGS. 13 and 14, it is seen that the
landing gear simply comprises a ball and socket joint
arrangement 110 interconnecting the landing gear 112
with the first ring 114 corresponding to ring 27 in FIG.
7, ring 74 in FIG. 11 and ring 84 in FIG. 12.

What is claimed is:

1. An aircraft comprising a rotatable propellor means
and means for generating a propulsive thrust along the
direction of the axis of rotation of the propellor means,
the direction of such thrust determining the direction
of flight of the craft through the air, said propellor
means while rotating constituting the rotor of a Fou-
cault type gyroscope, and including a directional con-
trol means for selectively imparting a torque to said
propelior means while rotating whereby its axis of rota-
tion will re-orient itself in accordance with the princi-
ples of gyroscopic precession, and a drive means for ro-
tating said propellor means without imparting any
precessive torque upon same, said propellor means
comprising a rotor in the form of an annular axially ex-
tending duct defined by radially inner and outer walls,
a plurality of fluid-moving blades mounted between
said walls in circumferential succesion to each other,
said walls and blades forming an integrally rotatable
unit, said blades being arranged to impart thrust to a
fluid in the axial direction of said duct, said duct being
concentrically rotatable about said rotational axis.
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2. The craft of claim 1, said walls of said propellor
means defining a venturi nozzle therebetween in the
axial direction of said duct.

3. The craft of claim 1, said duct being cylindrical
and the diameter ration of said inner wall to said outer
wall being in the range of 0.55 to 0.75.

4. The craft of claim 1, the axial height of said walls
being not in excess of the axial height of the profile of
said blades.

5. The craft of claim 1, said propellor means compris-
ing two of said rotors the ducts of which are coaxial
with each other and arranged whereby the resultant lift
vector thereof passes through the center of gravity of
the craft, said drive means being arranged to simulta-
neously rotate both said rotors in mutually opposite
senses and with equal and opposite torque.

6. The craft of claim 5, said drive means being an en-
gine mounted on structure which forms an integral part
of one of said rotors, a drive member of said engine
being integrally connected with the other of said rotors
whereby said engine rotatively drives a one of said ro-
tors and the resultant counter-torque serves to drive
the other of said rotors in an opposite sense.

7. The craft of claim 5, comprising an inner member
freely pivoted relative to said rotors about the axis of
rotation thereof, a drive engine pivotally mounted on
said inner member about said axis, a gear means driv-
ingly connecting said engine simultaneously to both
said rotors to rotate them in opposite directions in a
manner whereby the counter-torque resulting from the
driving of one of said rotors serves to drive the other of
said rotors in an opposite rotative sense.

8. The craft of claim 5, wherein said drive means
comprises an engine drivingly connected simuita-
neously to both rotors in a manner whereby the coun-
ter-torque resulting from driving one of said rotors is
fully dissipated in driving the other in an opposite sense
to the first.

9. The craft of claim 8, comprising an inner member
~ freely pivoted relative to said rotors about the rota-
tional axis thereof, a servo mounted on said member,
means for transmitting signals to said servo, directional
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control means actuated by said servo for imparting a
precessive torque to said propellor means.

10. The craft of claim 9, at least some of said blades
including a spoiler flap actuatable to change the lift
producing characteristics of the corresponding blade,
said directional control means being arranged to actu-
ate said flaps whereby a said precessive torque is im-
posed upon said propellor means.

11. The craft of claim 10, said directional control
means including a light producing means on said inner
member, a photosensitive means on one of said rotors
arranged to actuate respective ones of said flaps, said
servo being arranged to actuate said light producing
means and the latter being arranged to transmit a light
signal to said photosensitive means which in turn actu-
ates said flaps.

12, The craft of claim 9, including a receiver
mounted on said inner member for receiving signals
from a distant control station, said receiver being ar-
ranged to transmit signals to said servo.

13. The craft of claim 9, including a compass
mounted on said inner member and arranged to trans-
mit signals to said servo.

14. The craft of claim 9, including a support structure
mounted on said inner member along said rotational
axis and extending axially from one pole thereof, re-
connaissance equipment mounted on said support
structure.

15. The craft of claim 5, including an inner member
freely pivoted relative to said rotors about the axis of
rotation thereof, a clutching means arranged to selec-
tively drivingly engage said inner member with either
of said rotors whereby the orientation of said inner
member may be controlled.

16. The craft of claim 1 wherein said propellor means
comprise two rotors the ducts of which are coaxial and
lie in the same plane.

17. The craft of claim 1 wherein said propellor means
comprise two rotors one of the ducts of which is within

the bounds of the other.
* * * * ¥



