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[57] ABSTRACT 
A VTOL ?ying machine has four rotors rotating about 
respective vertical shafts and each shaped to draw air 
downwardly. The rotors are in pairs spaced longitudi 
nally and transversely relative to a hull beneath the ro 
tors, and the machine is propelled forwardly by air dis 
charged rearwardly from between the rotors. Each 
rotor has an inverted dish-shape with radial slots hav 
ing upwardly projecting trailing edges for directing air 
to the underside of the rotor. Baf?es control the direc 
tion of discharge of the rearwardly discharged air to 
facilitate turning at low speeds. 

1 Claim, 4 Drawing Figures 
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FLYING MACHINE 

The present invention relates to ?ying machines, and i 
more particularly to ?ying machines intended for verti 
caltakeoff and landing. 
Conventional helicopters employ one or more 

powerdriven rotors, in the form of horizontal propel 
lers, instead of the wings of a ?xed type of winged air 
craft. In addition, helicopters are provided at their tails 
with small propellers providing lateral thrust for coun 
teracting rotation of the fuselage which would other 
wise be caused by reaction to the rotation of the hori 
zontal propeller or propellers. 
The use of such small propellers for providing lateral 

thrust can be avoided by employing two counter 
rotating horizontal propellers, spaced laterally or longi 
tudinally of the helicopter or rotating about a common 
axis. 

In both cases, forward propulsion of the helicopter is 
effected by tilting the rotor. ' 

It is an object of the present invention to provide a 
novel and improved ?ying machine employing rotors 
for lifting the machine, in which forward propulsion of 
the machine can be achieved without tilting the rotors. 
According, to the present invention, there is pro 

vided a ?ying machine comprising a hull and four lift 
ing rotors mounted for rotation about respective verti 
cal shafts above the hull, each rotor being shaped to 
draw air downwardly to beneath the rotor on rotation 
thereof, the rotors being disposed so that each rotor is 
spaced longitudinally of the vhull from another of the 
rotors and transversely of the hull from a further one 
of the rotors, and means for rotating the rotors in direc 
tions such that the inboard sides of the rotors rotate to 
wards the rear of the hull. ' 
With this arrangement of rotors, at least a portion of 

the air drawn ‘downwardly by the rotors and discharged 
centrifugally from the rotors will be ‘discharged rear~ 
wardly of the hull from between the rotors. Thispor 
tion of the air can be employed to effect forward pro 
pulsion of the aircraft. 

Preferably, each of the rotors comprises an inverted 
dish-shaped structure having radial slots, each of the 
radial slots being de?ned by an edge projecting for 
wardly and outwardly from the dish-shaped structure 
and a further edge projecting inwardly and rearwardly 
from the dish-shaped structure. On rotation of the ro 
tors, air ?ows through the slots to beneath the rotors, 
thus providing lift for raising the machine. 
The machine may be provided an adjustable baf?e 

structure rearwardly of the rotors for controlling the 
?ow of air impelled rearwardly by the rotors on rota 
tion of the latter. As mentioned above, this rearwardly 
discharged air provides forward propulsion of the ma 
chine, and by adjusting the baf?es to allow a greater or 
lesser amount of this air to flow past the baf?es and 
rearwardly off the machine, the rate of forward propuli 
sion of the machine can be varied. By moving the baf 
?es into a “closed" position, in which the baf?es do not 
allow any of the air to ?ow rearwardly past the baf?es, 
the forward propulsion of the machine ‘ can be in 
terupted to allow the machine to hover. 
The drive means may include a drive transmission 

linking the four rotor shafts, and in order to avoid disas 
ter in the case of engine‘failure, the drive means prefer 
ably comprises at least two engines connected to im 
part drive to the drive transmission, so that if one en-, 
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2 
gine should fail, the other engine or engines can ensure 
that the machine remains airborne. 
To facilitate stabilization of the machine, the hull 

preferably has a pair of stabilizer ?ns projecting from 
opposite sides of the hull, and a tailplane, the tailplane 
including a rudder for directional control of the for 
ward movement of the machine. > 
The invention will be more readily understood from 

the following description of a preferred embodiment 
thereof given by way of example with reference to the 
accompanying drawings, in which: 
FIG. 1 shows a view in perspective of a ?ying ma 

chine; 
FIG. 2 shows a plan view of the machine of FIG. 1; 
FIG. 3 shows a side view of one of the rotors of the 

machine of FIGS. 1 and 2; and ‘ 
FIG. 4 shows a plan view of the rotor of FIG. 3. 
As shown in FIG. 1, the machine has a hull indicated 

generally by reference numeral 10, a tailplane indi 
cated generally by reference numeral 11, and four ro 
tors 12 to 15. ' r 

The hull 10, which has ovoidal upper and lower sur 
faces 17 and 18, is provided around its periphery with 
windows 19. 
As shown in FIGS. 1 and 2, the rotors 12 to 15 are 

disposed so that each rotor is spaced longitudinally of 
the hull from another of the rotors, and transversely of 
the hull from a further one of the rotors. In other 
words, the rotors are arranged in two pairs 12, 14 and 
l3, 15, ‘the rotors of each of these pairs being spaced 
transversely of the hull from one another and longitudi 
nally of the hull from a respective one of the rotors of 
the other pair. 
As indicated by arrows A, B, C and D in FIG. 2, the 

rotors 12m 15 are rotated in directions such that‘the 
inboard side of each of the rotors rotates towards the 
rear of the hull. Thus, the starboard rotors 12 and 13 
are rotated in an anticlockwise direction, as viewed 
from above, and the port rotors 14, 15 are rotated in 
a clockwise direction, as viewed from above. 
The rotation of the rotors is effected by a drive trans 

mission comprising drive shafts 21, 22 and 23 and verti 
cal shafts 24, 25, 26 and 27, which carry the rotors 12 
to 15; The shafts 21 to 23 are in driving connection, at 
the ends thereof, with the shafts 24 to 27 through suit 
able bevel gears (not shown) and are driven by three 
internal combustion engines 30, 31 and 32. The en 
gines are sufficiently powerful to ensure that the ma 
chine can remain airborne even if one of the engines 
fails. 
The rotor 12 is illustrated in greater detail in FIGS. 

3 and 4, and it is to be understood that the construction 
of the rotors 13, 14 and 15 is similar to that of the rotor 
12. 
As can be seen in FIGS. 3 and 4, the rotor 12 has an 

inverted, dish-shape structure and is formed with three 
radially-extending slots 35. 
Each of the radially-extending slots 35 is de?ned by 

an edge 36 which projects forwardly, in the direction 
of rotation of the rotor, and outwardly from the dish 
shaped structure, and an edge 37 which projects in 
wardly of the dish-shaped structure and rearwardly, 
with reference to the direction of rotation of the rotor. 
The edge 36 is thus the trailing edge of the slot 35, and 
the inturned edge 37 is the leading edge of the slot 35. 
On rotation of the rotor, air is de?ected downwardly 

by the outwardly-extending edge 36, and ?ows through 



3. 
the slot 35 to beneath the rotor. The air is then dis 
charged peripherally from beneath the rotor. As indi 
cated by arrows E in FIG. 2, a portion of this peripher 
ally-discharged air is discharged at the inboard side of 
the periphery of each of the rotors 12 to 15 and ?ows 
rearwardly of the hull 10 from between the ‘rotors. 
This rearwardly-flowing airstream effects ‘forward 

propulsion of the machine. ' 
For controlling the forward propulsion of the maé 

chine, an air baf?e structure 38, shown in FIG. 1, is 
provided at the rear of the hull 10. The air baf?e struc 
ture 38 is adjustable to control the amount of the rear 
wardly-flowing air stream which is allowed to ?ow 
through the air baf?e structure 38 for effecting the for- v 
ward propulsion of the machine. By adjusting the air 
baf?e structure 38 to reduce or even interrupt the rear 
ward ?ow of the air stream, the forward propulsion of 
the machine can be correspondingly-reduced or inter 
rupted. 
The tailplane 11, which is provided on twin booms 

39, has a rudder 40 for controlling the direction of for 
ward movement of the machine. ' 
The trim of the machine can be stabilized by means 

of a pair of air ?aps 41 projecting from opposite sides 
of the hull 10. _ 
Various modifications may be made in the above 

described apparatus. For example, the air baf?e struc 
tures 38 may be retractible with the, hull 10, or collaps 
ible by pivotation relative to the hull 10, to reduce or 
even entirely eliminate drag caused by the air baf?e 
structures 10 during forward motion of the machine. 

I claim: 
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l. A ?ying machine comprising, in combination; 
a hull; 
four vertical drive shafts extending upwardly from 

said hull, 
four rotors respectively mounted on said shafts above 

said hull; ' , 

said drive shafts and said rotors being disposed in two 
pairs, with the two rotors of each pair spaced apart 
transversely of said machine and with said pairs 
spaced apart longitudinally of said machine; 

means for rotating said vertical drive shafts in direc 
tions such that the inboard sides of said rotors 
travel towards the rear of said machine; 

each of said rotors being dish-shaped and having its 
concave side facing downwardly; and 

each of said rotors having means de?ning a plurality ' 
of radial slots therein; 

1 said slot defining means comprising, for each of said 
slots, a ?rst edge extending upwardly from, and for 
wardly in the direction of rotation of, the respec 
tive one of said rotors and a second edge extending 
downwardly from, and rearwardly in the direction 
of rotation of,- said respective rotor; 

an air baf?e structure disposed rearwardly of said r0 
tors for de?ecting air discharged rearwardly by said 
rotors; 

a pair of stabilizer ?aps projecting horizontally from 
opposite sides of said hull; and 

a tailplane provided rearwardly of said baf?e struc 
ture. 

* * * * * 


