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COMPLETE SPECIFICATION

Helicopter
1, BenjaMiN GrAHAM Woobp, a British capability very much exceeds one hundredth 45
Subject, of The Coppice, South Down’s Road, of a horse power.
Bowden, Cheshire, do hereby declare the in- Hence, I believe that a bird is several times
vention, for which I pray that a patent may be  more efficient than known types of helicopters

5 granted to me, and the method by which it is  which can not emulate this performance.
to be performed, to be particularly described We can however improve the helicopter by 50
in and by the following statement: — adopting the bird’s aeronautical principles as

This invention concerns helicopters. applied to a helicopter but without adopting
Consideration of all helicopters of known the bird’s natural limitations.

10 description discloses that helicopters and par- The reduction of power requirements is so
ticularly light-weight helicopters require great that flight should be achieved with less 55
enormous power for each unit of load lifted as  power expenditure than by any known type of
compared to the every-day performance of an  aircraft thereby permitting the arrangement if
ordinary flying bird. The lessons of bird flight desired to be flown by man power and there-

15  are there for all to see but the flight of a bird after by this invention a low powered flying
or of an ornithopter aircraft flying on the machine most suitable for domestic use and g
principles of bird flight is very complicated ownership will be developed and also many
and hitherto comparatively unstable. other forms of the invention.

However, a helicopter and a bird have The man powered form of the invention is

20 exactly the same problem to overcome. They the most difficult and is therefore chosen to be
require to gain height rapidly with an more particularly described herein as one prac- 65
“S.T.0.L.”. (short take off or landing) per- tical embodiment of the invention, it being
formance and the object of this invention is to understood that the description is illustrative,
apply the more successful principles of bird and is not limitative to the scope of the in-

25 flight to a helicopter which will fly and gain  vention.
height with greatly reduced power requirement In order to achieve, more nearly, the per- 70
as compared with prior proposals. formance of a bird, I provide a helicopter

Another object is to overcome certain comprising a main frame or fuselage, a rotor
obvious disadvantages of bird-like flight and of having aerofoils or blades, means for effecting

30 the ornithopter type of aircraft by applying vertical reciprocation of the rotor in relation
the same principles of flight in a greatly modi- to the main frame or fuselage so as to impart 75
fied form of a helicopter. Which may then be rotary thrust, by reaction of air pressure on the’
classified as a rotary ornithopter. aerofoils or blades, during rotor downstroke,

The comparative power requirements of and supplementary means for maintaining

35 known helicopters and of bird type flights are  rotary speed of the rotor more particularly

as follows. during rotor upstroke. 30

Helicopters on average lift between ten and The invention will be described further, by
twenty pounds ten feet a second for each horse  way of example, with reference to the accom-
power used. panying drawings, in which: —

40  Birds fly upwards at about five and a half Fig. 1 is a side elevation, partly broken
feet a second continuously and much more away, of a man-powered helicopter constructed 85

quickly for short periods. This requires an
effective output exceeding one-hundredth of a
horse power and it is unlikely that a bird’s

i SN

in accordance with this invention, the rotor
being shown in a raised position relative to the
main frame or fuselage of the helicopter;
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Fig. 2 is a perspective view corresponding
to Fig. 1, but with the rotor omitted;

Fig. 3 is a view similar to Fig. 1 but show-
ing the rotor lowered relative to the main
frame or fuselage;

Fig. 4 is a plan view, on a reduced scale, of
the rotor of the arrangement of Figs. 1 to 3,
part of one wing having been broken away;

Fig. 5 is an enlarged fragmentary detail of
part of Fig. 4;

Fig. 6 is an enlarged fragmentary detail,
corresponding to Fig. 1, showing details of
the rotor and its mounting on the main frame
or fuselage, partly in section;

Fig. 7 is a detached view showing certain
of the parts of Fig. 6 and the relative dis-
position of a wing associated with one of such
parts;

Fig. 8 is an enlarged detached view, in
cross-section, showing the means for adjusting
the incidence of the wings of the arrange-
ment of Figs. 1 to 7;

Fig. 9 is a plan view, similar to Fig. 4 but
on a larger scale and showing the wings of
the rotor folded for storage or like purposes;

Fig. 10 is a view similar to Fig. 1, but with
the rotor and pilot omitted, showing a motor-
powered embodiment of the helicopter;

Referring firstly to Figs. 1 to 9, a man-
powered helicopter according to the invention
comprises 2 main frame or fuselage composed
of a main column or backbene 20 shaped to
provide an upwardly and forwardly inclined
base part 21, an upwardly and rearwardly in-
clined intermediate part 22, and an upwardly
and forwardly inclined upper part 23, the
parts 22 and 23 emerging into one another
by a gentle curve, and each being inclined at
only a few degrees to the vertical. The back-
bone 20 is secured by its boitom end, to a foot
plate or skid 24 to which are connected the
lower ends of two vertical frame members 25

which diverge from one another in the upward,

direction from the skid 24, and then extend
substantially parailel to one another and gener-
ally parallel to the backbone 20.

Rungs 26 extend horizontally between the
vertical frame members 25.

At its upper end, the backbone 20 has
secured thereto, by bosses 27, a rotor sleeve 28,
and in turn such rotor sleeve 28 has connected
thereto a rearwardly extending downwardly
inclined anti-torque fan arm 29 to which is
secured an underhanging angle frame 30, 31
having a horizontal spindle 32 of an anti-
torque fan 33 journalled therein. A pulley 34
on such spindle 32 has an endless belt 35 ex-
tending therearound, such belt 35 also extend-
ing around a drive pulley 36 rotatably mounted
on a bracket 37 secured to the fan arm 29 near
to the rotor sleeve 28.

A pair of top cross bars 38 of the main
frame or fuselage are connected to the fan arm
29 at a point approximately midway along
the latter, and these diverge from one another

and extend past the rotor sleeve 28 to connect
each with the upper end of a respective one
of the vertical frame members 25, such cross
bars 38 also extending past the members 25 to
terminate at a connecting rod 39. Stiffeners
40, and struts 41 are provided for ensuring
rigidity of the main frame, and additional
stiffeners and struts to those illustrated can,
of course, be provided. A short tow rope 42
having a handle 43, and serving to permit a
helper to assist manoeuvring the helicopter
during take-off and landing is secured to the
connecting rod 39.

The connecting rod 39 provides a pivotal
connection between the main frame or fuselage
of the helicopter and a pivoted actuating frame
thereof. This actuating frame comprises a
pair of inclined pivoted arms 44 pivotally
mounted each by one end on the connecting
rod 39 and pivotally connected by their other
ends each near to one end of a respective
sliding arm 435, the other ends of which are
secured to a slide 46 engaging with the fan
arm 29 by rollers 47 and displaceable along
such fan arm 29 between the connections there-
with of the angle frame 30, 31.

Where such sliding arms 45 extend down-
wards past their conections with the inclined
pivotal arms 44, shaped rods 464 are connected
thereto so as to define elongate slots 47q
wherein are accommodated rolls 48 provided at
the ends of a transverse thrust bar 49 carried
by the arms of a yoke 50 which is slidable up
and down the backbone 20 by means of a
collar 51 which is an easy sliding fit on the
backbone 20. Shoulder bars 52 project for-
wardly from the arms of the yoke 50 and, as
shown in Figs. 1 and 3, a pilot 53 can arrange
himself so as to be within the main frame or
fuselage, between the backbone 20 and the
vertical frame members 25, so that his shoul-
ders abut against the undersides of the shoulder
bars 52. A body strap 54 is provided for
securing around the waist of the pilot 53 and
this has a sleeve 55 which is also an easy
sliding fit on the backbone 20 so as to permit
the pilot 53 to bend or siretch his body and
thereby raise and lower the yoke 50, whilst
at the same time remaining reliably secured
against falling out of the main frame or fusel-
age.

Extending upwardly through the rotor
sleeve 28 is an approximately vertical hollow
rotor shaft 56. At its bottom end, such rotor
shaft 56 is connected, by way of a light cable
57 extending over one of the stiffeners 40, to
a handle 58. This cable 57 merely serves to
permit raising of the rotor (in the manner
which will become apparent later) prior to
take-off of the helicopter. At its upper end,
the rotor shaft 56 has bonded thereto a flexible
canvas-bonded rubber block or ring 59 form-
ing a Carden shaft allowing flesure of the shaft
after the manner of a universal joint. The ring
59 supports, above it, a rotor disc 60 super-
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imposed by a rotor socket 61. A thrust bearing
62 and a free wheel bearing 63 are interposed
respectively between the rotor disc 60 and the
rotor socket 61 and between the rotor socket
61 and a rotor boss 64. Thus, it will be appre-
ciated that when the rotor shaft 56 is rotated,
in one direction, such rotation is transmitted
to the rotor boss 64, and the latter is capable
of being tilted relative to the rotor shaft 56.
Also the free wheel bearing 63 will permit
revolution of the rotor to exceed the speed of
rotation by the shaft.

The rotor boss 64 is substantially square
when viewed in plan and has tubular members
65 extending along each side thereof. Each
such tubular member 65 has, at each end, a
tee-piece 66 (see Fig. 5), such tee-pieces 66
serving to connect each tubular member 65 to
the next adjacent tubular member 65 and addi-
tionally providing sockets 67 wherein engage
stiffening spars 69 which connect with respec-
tive main spars 68 of wings 70 of the rotor of
the helicopter. Each such main spar 68 is
pivotally connected to the tee-piece 66 adjacent
to that into which the corresponding stiffening
spar 69 engages, by way of end couplings 71
which permit the respective main spars 68 to
rotate about their axes, and such main spars
68 project through the couplings 71 and ter-
minate in end pieces 72 each having an up-
wardly extending post 73 secured thereto. Each
such post 73 has a diametrical pin 74 extend-
ing therethrough and securing an anchoring
link 75 to such post 73, opposed pairs of such
links 75 being coupled together by strong end-
less elastic bands 76 which extend through a
stirrup 77 provided on the upper end of a
flexible wing feathering adjustment wire 78
which extends axially downwards through the
rotor shaft 56. A bearing 79 between the
stirrup 77 and the wire 78 permits rotation of
the stirrup 77 relative to the wire 78. It will be
appreciated that this springing device, which is
common to all the rotor wings, equalises or
balances the forces on the opposed wings and
also absorbs shock, e.g. if one wing tip touches
the ground.

At its lower end (see particularly Fig. 8),
the wing feathering adjustment wire 78 is
secured to a U-bracket 80 having a cam 81
secured between its arms by a pin 82 and
engaging against a bearing 83 provided in a
rotor shaft socket 84 on the bottom end of
the rotor shaft 56, Manual rotation of the cam
81 serves to displace the wire 78 axially within
the shaft 56, thereby increasing or decreasing
the tension in the elastic bands 76, which,
accordingly, varies the angles of the posts 73
to rotate the main spars 68 cn their own axes
to give corresponding featheting adjustment of
the wings 70.

The configuration of the wings 70 can best
be seen from Figs. 4 and 7, and each such
wing comprises the main spar 68 and stiffen-
ing spar 69 previously described, the free

end of each mainspar 68 having an angled
knuckle 85 connecting a respective flexible rib
86 to such free end of the main spar 68, Tri-
angular fabric panels 87 are secured to such
main spars 68, knuckles 85 and ribs 86, and
such panels 87 are provided with stiffening
1ibs 874 in such a way that each panel 87, in
the stationary condition of the wings 70,
assumes an arched or convexly curved (con-
sidered from above) configuration as shown in
Fig. 7.

Mounted on the rotor shaft 56, near to the
lower end thereof, are two free-wheel sleeves
88 and 89, both arranged so that when rotated
in one direction they cause corresponding ro-
tation of the rotor shaft 56 but when rotated
in the opposite direction are able to revolve in-
dependently of the shaft 56.

Each such sleeve 88, 89 has a radially ex-
tending actuating arm 90, 91 secured thereto,
the outer ends of such arms 90, 91 being bi-
furcated to provide forks 92, 93 each embody-
ing an anti-friction device, which locate around
and engage respective spiral guides 94 and 95
which are of opposite hands and are con-
nected, at their lower ends, to 2 common strut
96 secured to the skid 24 and at their upper
ends to the respective top cross bars 38, It
will be appreciated that, with this arrange-
ment, when the rotor shaft 56 is displaced
axially upwards through the rotor sleeve 28
the two rotor actuating arms 90, 91 are caused
by their respective spiral tubes 94 and 95, to
swing around the axis of the rotor shaft 56,
in opposed directions. Thus, one of such arms
90, 91 serves to rotate the rotor shaft 56. Con-~
versely, when the rotor shaft 56 is displaced
axially downwardly, the arms 90, 91 are cor-
respondingly swung in the opposite directions
to previously, and the other of such arms 90,
91 serves to impart rotational movement, in
the same direction as before, to the rotor
shaft 56.

Attached to an anchor bracket 97 secured
to the rotor shaft 56 beneath the rubber block
59, by means of bearings 98 permitting rota-
tion of the bracket 97 relative to the shaft 56,
is one end of a strong flexible steel cable 99
arranged to pull the shaft 56 downwards
axially when the slide 46 is forced cutwardly
along the arm 29. Such cable 99 passes around
a pulley 100 provided on spindle 101 whereon
the drive pulley 36 for the steering fan 33 is
disposed, a clutch 102 being interposed be-
tween the pulleys 100 and 36. The clutch 102
has a radial actuating lever 103 connected to
a clutch control rope 104 which extends around
a guide pulley 105 supported upon cne of the
top cross bars 38 and is attached by its re-
mote end to a control handle 106 secured to
the lower end of a rotor control stick 107. The
other end of the cable 99 is secured to the
slide 46.

Because of up and down movement of the
rotor, the means for tilting the rotor requires
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an appropriate form of control and the rotor
control stick 107 is secured, by its upper end,
to a triangular rotor control plate 108 having
an upstanding post 109 at each corner and
disposed so that in the lowered condition of
the rotor (as shown in Fig. 3) the rotor disc
60 rests on such posts 109. As can be seen
in Fig. 6, the rotor control plate 108 has a
dished centre 110 resting upon a ball-shaped
head 111 on the upper end of the rotor sleeve
28. An aperture 112 provided in the dished
centre 110 is of considerably larger diameter
than the outside diameter of the shaft 56, and
accordingly the arrangement permits the rotor
control plate 108 (and also the rotor disc 60
and the whole of the rotor, when the latter
is in the lowered position of Fig. 6) to be
tilted relative to the axis of the rotor shaft 56,
by means of the rotor control stick 107.

The mode of operation of the helicopter is

as follows: —
. Assuming the rotor is initially in its lower-
most position as is shown in Fig. 3, and the
helicopter to be stationary on the ground, the
pilot 53 takes up his position standing on the
skid 24 and secures the waist belt 54 around
his waist.

It is now necessary to effect initial raising
of the rotor, and this is done by either the
pilot 53, or an assistant, hauling on the cable
57 by means of the handle 58. This causes
the rotor shaft 56 to be displaced axially up-
wards through the rotor sleeve 28, and the
cable 99 simultaneously draws the slide 46
along the fan arm 29 towards the rotor sleeve
28. The movement of the cable 99 causes ro-
tation of the fan pulley 36 and, assuming the
clutch 102 to be engaged, the fan driving belt
35 causes rotation of the fan 33. Also, during
the raising of the rotor, the radial arms 90, 91
are swung about the axis of the shaft 56 and
consequently causes initial rotation of the shaft
56 and the rotor. The helicopter is now in
the condition illustrated in Fig. 1, the shoulder
bars 52 resting on the shoulders of the pilot
53 who will have taken up a “kneces bent”
position as shown in Fig. 1.

Vertical upward thrust on the shoulder bars
52 causes the pivoted arms 44 and sliding arm
45 to pivot relatively to one another and force
slide 47 rearwardly three or more feet along
the arm 29 thereby pulling cable 99 around
pulley 100 and forcing down the rotor.

A helper (not shown) will, normally assist
the pilot during take-off, by means of the tow
rope 42.

To commence flying, the pilot now causes
continued rotation of the rotor whilst simul-
taneously causing alternating lowering and
raising of the rotor. These latter movements
impart the main rotary force to the rotor, dur-
ing the downward beat of the wings 70 thereof,
by reason of reaction of air pressure on the
undersides of the wings which are momen-
tarily at a negative angle relative to the geo-

metrical plane of the rotor. The pilot causes
the up and down rotor movement by firstly
straightening his knees, then stretching his
body to an upright position, and finally by
raising his body relative to the main frame or
fuselage, by walking or running up the rungs
26, until he reaches the position shown in Fig.
3. During such movement, which is effected
quickly and vigorously, the pilot 53 displaces
the yoke 50 up the backbone 20 thereby dis-
placing the pivoted arms 44 and the sliding
arms 45 to the Fig. 3 position. The slide 47
pulls the rotor shaft 56 downwards by means
of the rotor drive cable 99, thereby creating
an upward lift by reaction of the rotor wings
70 against the air below such wings. Rotation
of the rotor shaft is maintained by the appro-
priate radial arm 90 or 91 being swung around
the axis of shaft 56 by its respective spiral
tube 94 or 95.

It will be appreciated that as the pilot moves
towards the Fig. 3 position the angle between
the pivoted arms 44 and the sliding arms 45
increases until such arms are almost in a com-~
mon plane substantially perpendicular to the
direction of movement of the yoke. Thus, in
flight, any back thrust from the rotor onto the
pilot progressively diminishes or is progres-
sively relieved during downstroke of the rotor.

At the end of the rotor lowering or beating
action, the pilot 53 returns to the Fig. 1 posi-
tion again, reaction of the air beneath the
rotor wings 70 serving to lift the rotor to the
top of the stroke and allowing downward
movement of the fuselage relative to the rotor.
The shape of the backbone 20, as previously
described, is such as to insure that the centre
of the load always remains on a predetermined
line extending through the axis of the rotor, as
indicated by the line A on Fig. 1, and this
preserves equilibrium in flight.

When the rotor and wings are forced down
the load on the rotor is momentarily increased.
The wings 70 and the end pieces 72 flex, there-
by stretching the bands 76, so that the wings
70 flex to a substantially negative angle of
attack or incidence relative to the geometrical
plane of the rotor which drives the wings for-
wardly after the manner of bird flight, except
that the rotor wings follow one another around
thereby accelerating the speed of the rotor.
Upon the upward movement of the wings they
feather or tilt to a positive angle as illustrated
in Fig. 7 and fly upwards again to the top of
the stroke. The resultant movement of the
helicopter rotor blades or wings is therefore
somewhat of a flapping action similar to that
which occurs when a natural bird is in flight
except that the wings follow one another
around the rotor axis.

It will be appreciated, from the foregoing,
that the action of the helicopter is such as to
provide for intermittent loading of the rotor by
raising and lowering the centre of gravity of
the helicopter relative to the centre of pressure
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or air lift, in conjunction with a feathering
action of the blades or wings of the rotor,
such feathering being induced automatically
by the mode of working of the arrangement.
For guiding the helicopter, the rotor can, of
course, be tilted by means of the rotor control
stick 107, and also the speed of the anti-
torque fan 33 can be varied, to permit rotation
of the helicopter frame or body for steering
purposes during flight, by means of the clutch
102. When it is desired to store the helicopter
away, the wings 70 can be folded in the man-
ner shown in Fig. 9, after freeing the stiffen-
ing spars 69 from their respective sockets 67.
With the wings 70 so folded, the helicopter
can be stored away conveniently in a domestic
garage.

It is anticipated that the man-powered em-
bodiment of the apparatus, as described in
the foregoing, will be satisfactory for short
flights at a comparatively low altitude, but
take-off on a hillside or the like can be effected,
using the power of rising winds with or with-
out assisting towing, particularly where it is
desired to effect gliding or soaring with the
helicopter, which is less fatiguing than con-
tinuous man powered flight.

It is evident, of course, that the pilot can
determine the stroke imparted to the rotor in
its up and down movement, during flight, by
the amount he raises and lowers the yoke 50,
and that the spiral tubes 94, 95 always ensure
that positive rotation is imparted to the rotor,
regardless of the stroke. A pedal driven or
other arrangement for driving and/or raising
and lowering the rotors would be beset with
considerable difficulties insofar as varying the
stroke is concerned.

Variations can, of course, be made to the
details of the helicopter, more particularly to
the various means provided for rotating the
rotor, for causing relative up and down move-
ment of the rotor, for rotating the anti-torque
fan, and for controlling the helicopter.

Fig. 10 of the drawings illustrates an em-
bodiment of the helicopter which is comparable
with that already described but is engine
powered. In this figure, similar reference
numerals have been allocated to those parts
which are similar to those already described,
and it will be noted that the top cross bars
38 have connected thereto stationary struts 200
which connect with motor support bars 201
secured horizontally between the backbone 20
and uprights 25 of the fuselage of the machine.
A single cylinder engine 202 is mounted in the
fuselage by the bars 201 and this serves to
drive a pump 203 connected by tubes 204
through change-over valves 205, 206, to a
double acting ram 207 having a piston 208
whose rod 209 connects with the lower end of
the rotor shaft which is longitudinally fluted.

‘The change-over valves 205, 206 are adjust-
able along the backbone 20 and lie in the path
of a flange 210 on the piston rod 209 the

arrangement being such that when the flange
210 engages cne or other of the two valves
205, 206, the direction of flow of hydraulic
fluid from the pump 203 tc the ram 207 is
changed so as to reverse the direction of opera~
tion of the ram 207. This arrangement serves,
therefore, to displace the rotor shaft 56 axially
up and down with an amplitude which is ad-
justable by adjusting the positions of the
valves 205 and 206 on the backbone 20.

The motor 202 also serves to drive the
drive pulley 36 by an endless chain 211 and the
spindle 101 of such pulley 36 is journalled in
a gear box 212 so as to impart drive to a rotor
driving sprocket 213 which serves, by means of
a chain 214, to drive a rotor sleeve 215 which
is journalled by bearings 216 on a support
(not visible) extending between the cross bars
38, by way of sleeve sprocket 217. The sleeve
215 is internally fluted complementarily to the
shaft 56, so that the latter is consirained to
rotate with the sleeve 215 whilst at the same
time being axially slidable therein.

The mode of operation of this embodiment
of the helicopter will be evident from the
foregoing. The flying action thereof is similar
to that of the embodiment of Figs. 1to 9, in
that it provides for rotation of the rotor com-
bined with simultaneous raising and lowering
of the rotor relative to the fuselage and the
rotor stroke can be varied by adjustment of
the valves 205 and 206. If desired, this can be
done during flight. Obviously, however, such
actions are produced by the motor 202 and
not by the pilot’s own movements, and con-
sequently the range of the machine and the
height to which it can be flown, is considerably
increased as compared with the man-powered
embodiment,

WHAT I CLAIM IS:—

1. A helicopter comprising a main frame or
fuselage, a rotor having aerofoils or blades,
means for effecting vertical reciprocation of
the rotor in relation to the main frame or fusel-
age so as to impart rotary thrust, by reaction of
air pressure on the aerofoils or blades, during
rotor downstroke, and supplementary means for
maintaining rotary speed of the rotor more
particularly during rotor upstroke.

2. A helicopter as claimed in claim 1 where-
in the acrofoils or blades are arranged for
feathering to a negative angle of incidence
relative to the geometrical plane of the rotor
during rotor downstroke and to a positive angle
of incidence relative to said plane during rotor
upstroke.

3. A helicopter as claimed in claim 1 or 2
wherein the rotor is adapted to reciprocate as
a whole.

4. A helicopter as claimed in claim 1, 2 or 3
wherein the vertically reciprocating action of
the up and down strokes of said rotor in re-
lation to said main frame is supplemented by
additional vertical reciprocation of the main
helicopter load in relation to both said main
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frame and rotor with resultant greater travel
of the up and down strokes of the centre of
lift of said rotor in relation to the helicopter’s
centre of gravity.

5. A helicopter as claimed in claim 4 and
being arranged for operation by man power,
including means allowing the pilot to raise
his weight in relation to said main frame for
allowing vertical reciprocation cf the weight of
the pilot and consequent increased travel of
the helicopter’s centre of gravity in relation to
the rotor centre of lift.

6. A helicopter as claimed in claim 5 wherein
the means for effecting vertical reciprecation of
the rotor is arranged so that back thrust against
the pilot’s person is relieved during downstroke
of the rotor.

7. A helicopter as claimed in claim 5 or 6
wherein the reciprocating means for causing
vertical movement of the rotor comprises a
vertically slidable fitting engageable with the
person of the pilot so as to be displaceable by
movement of the pilot’s body.

8. A helicopter as claimed in claim 7 wherein
the reciprocating means comprises a yoke
engageable by the shoulders of the person of
the pilot, and a pivoted thrust frame displace-
able by the yoke providing a mechanical ad-
vantage through straightening members con-
nected by a knee-like joint.

9. A helicopter as claimed in claim 8 where-
in the reciprocating means includes a down-
wardly-inclined arm secured to said main
frame, a slide slideable along said downwardly-
inclined arm, a pair of arms each having one
of their extremities connected to said slide, a
cable engageable with said slide and arranged
for down pulling said rotor with slide move-
ment being translated into vertical rotor move-
ment, and an anti-torque fan disposed upon
said arm and being driven by the cable, the
operation of the yoke and the straightening of
the knee-like joint displacing one end of a
pair of sliding arms for operating said slide
connected to said rotor for the down pulling
of said rotor.

10. A helicopter as claimed in claim 8 or 9
further including a backbone-like guide mem-
ber fixed to the said main frame for sliding
engagement therewith by said yoke for main-
taining equilibrium in flight by keeping the
centre of load of the helicopter on a prede-
termined line extending through the axis of
the rotor.

11. A helicopter as claimed in any preceding

claim wherein_the aerofoils or blades are dis-
conpectable to allow them to be swung into
close proximity to cne another in a storage
position.

12. A helicopter as claimed in claim 11
wherein the aerofoils or blades are dismount-
able.

13. A helicopter as claimed in any preceding
claim further including a stability connection
for effecting automatic adjustment of each of
the aerofoils or blades to an increased angle of
incidence in response to excessive pressure on
the opposite aerofoil or blade, to equalise the
lift of opposite aerofoils or blades of the rotor.

14. A helicopter as claimed in any preced-
ing claim further including means permitting
tilting of the rotor, by pilot control, at a cer-
tain positioa of rotor upstroke or downstroke.

15. A helicopter as claimed in any preceding
claim wherein the 1otor is mounted for free
revolution in cne direction about a vertically
disposed axis during rotor downstroke and is
adapted to be rotated positively in the same
direction during rotor upstroke.

16. A helicopter as claimed in claim 15
wherein positive rotation of the rotor is effected
by radial arms engaging by their ends with
opposed spiral-like guide members of opposite
hand, one of such arms serving to rotate the
rotor in the aforesaid one direction during
rotor downstroke and the other of such arms
serving to rotate the rotor in the same direc-
tion during rotor upstroke.

17. A helicopter as claimed in any preceding
claim further including means facilitating kite~
like towing thereof.

18. A helicopter as claimed in any of claim
1 to 4 wherein a motor is provided for raising
and lowering the rotor.

19. A helicopter as claimed in claim 18
wherein the motor drives a pump which serves
to raise and lower the rotor by way of a
double-acting hydraulic ram.

20. A helicopter as claimed in claim 18 or
19 wherein the motor serves to drive a rotor
shaft sleeve which is internally fluted and
through which the rotor shaft, which is com-
plementarily fluted, so that the shaft is con-
strained to rotate with the sleeve whilst being
axially slidable relative thereto.

For the Applicant: —
BARLOW, GILLETT & PERCIVAL,
Chartered Patent Agents,

94, Market Street, Manchester 1 and
93, Chancery Lane, London W.C.2.

Leamix}gton Spa: Printed for Her Majesty’s Stationery Office, by the Courier Press
(Leamington) Ltd.~—1965. Published by The Patent Office, 25 Southampton Buildings,
London, W.C.2, from which copies may be obtained.
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