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11 Claims.

This invention relates to an aerial navigating
machine of the helicopter type; and has for
one of its objects the provision of greater sta-
bility of this type of machine.

[ Another object of the invention is the pro-
vision of inherent stability in a helicopter type
of aeria]l machine so that the machine will re-
turn from an inelined position to a normal up-
right position without the manual manipulation

10 of controls and thus provide a construction
which will not require any action of an oper-

* ator to correct the inclination of the machine.

Another object.of the invention is the pro-
vision of an air displacement member. which will

18 have a stabilizing effect upon the body of the
machine by changing the apparent center of

© gravity in air to a point spaced from the actual
center or mass, thus causing two points about

 which forces act and with a directing of ‘the

20 acting forces so as to form a couple to stabilize
the machine and cause it to move to upright

vertical position rather than to maintain or in- .

crease an inclination which might result were
it not for such displacement member.

¢8 With these and other objects in view, the in-
vention consists' of certain novel features of
construction, as will be more fully described, and
particularly pointed out in the appended- claims.

In the accompanying drawings:

30 Fig. 1 is an elevational view largely diagram-
matic of a helicopter type of navigating ma-
chine incorporating my invention; :

Fig. 2 is a top plan view thereof with one of
the propellers broken away, .
85 TFig. 3 is a sectional view largely diagrammatic
" of the driving means for the propellers;
_ Fig. 4 is an elevational view of the driving
means shown in Fig. 3; :
Figs. 5 through 21 are diagrammatic views in-
dicating various. forces -which have an effect
upon the machine;_ : '
Fig. 22 is a -sectional

Fig. 3; . ‘
Pig. 23 is a sectional view ‘on line 23—23 of

Fig 4; . -

Fig. 24 is a diagrammatic view for certain
illustrative purposes; - _ »

Pig. 25 is a sectional view on line 25—28 of
Fig. 3. : .

45

50
-+ ‘copter type of machine has little inherent sta-
‘.. pility and attempts have been made to provide
_forces which will act at various locations tend-
ing to stabilize and prevent helicopters assum-

88 ing an inclined position, all of which devices re-

view on line 22—22 of

It is quite generally recognized that the heli-

(CL. 244—17)

" quire the control by an operator who must be
highly skilled if the devices are to be effective;
and as a general rule such arrangements have
“been found impractical because too great a skill
is required of the operator for manipulating g
them. Conditions change rather quickly in the
air, making a constant manipulating of the
control devices necessary; and in order to avoid
this undesirable condition I have so arranged &'
helicopter navigating machine that it will have 19
an inherent tendency to stabilize itself or re-
turn to upright vertical position without requir-
ing the action of any operator, all by the ar-
rangement and control of the buoyant, sustain-
ing and gravity acting forces and without the 15"
necessity of manual control by. any operator;
and the following is a more detailed description
of the present embodiment of this invention,
illustrating the preferred means by which these
advantageous results may be accomplished.

In order that this invention may be-best un-
derstood .I will first refer to the force diagrams
indicated in Figs. 5, 6, 7 and 8 showing the old
or generally known type of heliocopter with no
inherent stability. Fig. 5 shows the center of 25
mass which is also the actual center of gravity
in air in the usual helicopter at 20, the forces
tending to lift the machine are indicated at L
and the force of gravity is indicated at G.
“These forces L and G are in the same line, equal 30
and opposite and accordingly the machine would
have no tendency to move in any direction, and
so long as this condition remains undisturbed by
wind or some other outside force the machine
will remain stationary. In Fig. 6 the lift force 35
L is inclined and the force of gravity is equal
to the lift force and both act through the center .-
of gravity in air or center of mass, as in Fig. 5,
When such condition exists the resultant force
R of L and G tends to accelerate the machine in 4o
its direction and will have no tendency to turn
the machine back to its vertical position or
away from its vertical position. In the con-
dition shown in Fig. 7 the forces L and G are
equal but the force L does not act through the 45
center of mass and center of gravity in air 20,
as shown by the diagrams. The machine, how-
“ever, is vertical. The resultant of the lift and
gravity forces R does not pass through the center
of gravity of the machine, and as the center of g
gravity 20 offers a resistance to the acceleration
with an equal and opposite force through the .

" center of gravity, which force is indicated A, the

, forces A and R form a couple which tends to

turn the machine away from the. vertical posi~ gy

20
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tion, clockwise. - When this condition of Fig. 7
exists the condition of Fig. 8 will quickly result
and the resultant R will tend to accelerate the
machine in its direction but will have no tend- .
ency to turn the machine back to its vertical

- position from the 90° angle through which: it is

10
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turned, as shown in Fig. 8.
It will be readily apparent that the various

‘forces which may act upon the conventional

type of machine with its center of mass and
center of gravity in air at the same point 20
will have litéle or no affect upon righting the
machine should it be inclined from.its vertical
position; and it will also be readily apparent
that where manual controls must be utilized for
obtatning stability that the operator must antict-
pate and stop the machine in true- vertical posi-
tion, otherwise an’incline from the vertical in
the other direction will be had.

All aerial navigation machines of the mixed
type (part displacement lift and part propeller
or wing lift) have depended upon s lift from the
gas filled member to support part of the rest of
the machine. The additional expense of a gas
unit is so great, and the additional resistance to
motion so large that all machines employing a
displacement lifting member in conjunction with
other. sustaining means depend upon it to deliver
a total lifting force suficient not only to lift- its
own welght (the combined weight of the gas and
its containing and controlling means) but also
to lift a substantial part of the weight of the rest

of the machine. A buoyant member has been
used for a stabilizing effect, but the gas filled
envelope always had a resultant force which was
a substantial lift. There has been no previous
suggestion of 8 buoyant member, used for con-
trol, so heavy it could not sustain substantially
more than its own weight.

Tt is the disclosure of this invention to use a
_displacement member, whose resultant force is a
comparatively insignificant lift or a downward

.. force, as & means of control to stabﬂize an aerlal

navigation machine,

The principle of the present ‘invention iz that
by providing a large bulbous member connected
to the main weight of the machine, there will
be caused a sufficient buoyancy so that the heavy
part of the machine will tend to right itself
with reference to the larger bulbous member
under the influence of the force of gravity or
any sustaining force which may be appiied; and
this I accomplish by securing to the main body ~

“of the heliocopter a bulbous member which will

displace a sufficient volume of air to provide the -
desired conditions, and this bulbous body may
be either such as to itself sustain a part of the
lift such as being made lighter than air, or it
may be.itself heavier than air and sufficiently
open sO as to permit some little circulation of
air into and out of it. In this latter case it will
be plain that the bulhous member on the upper
part of the body is not for the purpose of lift
but is for the purpose of control and stabiliza-
tion, and while lift may be had, it is merely in-
cidental to the principle of this invention.
In‘Fig. 1 I have indicated the body of the heli-

- copter at 28 which is provided with the usual

70
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landing wheels 24 supported by struts 21. This
body portion of the machine houses the engines
and all heavy parts of the device. The bulbous
member is designated 26 and consists of .a large
envelope which wiil contain air and need not
be sealed with a lighter than air content, al-

2,102,300

though it may be sealed when a eombination ma-
chine which has some lighter than air sustain-
ing qualities, is desired. This bulbous member 26
is slotted as at 27a and a pair of propeller shafts
30 and 31 are located one within the other in this

slot to drive propellers 28 and 29 in cpposite direc- -

“tions, the slot 27a in the envelope 26 being suf-

ficient to permit of some movement of the shafts
30 and 3! in the slot to different positions, such
for instance as that indicated at 32 in dotted lines
in Fig. 1, and also the slot. is sufficiently wide to
permit some little tilting from side to side of the
propeller shafts. The drive of the propeller
shafts and their tilting will be more fully here-
inafter describéd. By the relation of this large
bulbous: envelope secured to the body the ma-

chine will tend to right itself or stabilize with .
"the heavier part of the machine lowermost and

the bulbous member uppermost no matter in
.what direction the forces are acting so long as

they act close to or through lines close to the

‘center of mass and center of gravity in air. By
center of mass I mean the absolute center of
mass of the entire machine including the mass
of any air or gas contained within the machine.
The center of mass would be identical with the
center of gravity in a vacuum of the entire ma-
chine including the gases normally contained
within the machine.

By the apparent center of gravity in alr I
mean that point through which the resultant

force of the absolute force of gravity and the total

buoyant force, passes. The absolute force of

_gravity is the total weight of the entire machine

including the weight of all gases (including air)
enclosed in the bulbous member. The total buoy-
ant force is the resultant force of the static air
pressure upon the entire outermost surface of
the machine. This total buoyant force equals the
weight of air that would be displaced by a solid
member whose outermost surfaces were identical
with that of the entire machine.

‘When the large bulbous member 28 is attached

. to the body 28 the center of mass will be as in-

dicated at 35 in Fig. 9. However, due to the fact
that the member 26 is large and relatively light
it will have a certain buoyant effect when placed
in any liquid medium, such for instance as air,
-and will have a much more buoyant effect than
the body of the device which is comparatively

small and heavy. The relation of the bulbous

member 28 and the relatively heavy body 25 may
perhaps best be illustrated by reference to Fig.
24 showing diagrammatically a small solid con-

centrated weight W with its center of. gravity

at X and a large bulbous box-like member V

20

23

30

33 -

whose center of gravity is at Y. These two are

connected by a rigid member whose. weight is

negligible for the purposes of illustration. For

the purposes of illustration it may be assumed

that the connecting member is of sufficient length
to position the points X and Y 100 inches apart.

“The weight W is 100 pounds, and the weight of

of the box V is 10 pounds, and it has in it 12
pounds of air. Thus, the total weight of the
entire system will be 122 pounds. Taking the
moments about X, the -cenifer of gravity of the
system will be located at 18.05 inches to the right

- of the point X which I designate C, which.is the
absolute center of gravity or center of mass of .

The volume of the box V would be

‘about 160 cubic feet while the volume of the

the system.

70

concentrated weight W would be about .2 cubic -

“foot so that the center of buoyancy of the system

would be between the center of gravity Y of the .

1.
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_ter of aerostatic lift. will be high. Under these -

45
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box V and the center of buoyancy X of the con-
centrated weight W. However, its distance from
the point Y is so small that it is here neglected.
There is then a buoyant force of 12 pounds acting

upwardly at ¥. This makes the resultant down- -

ward force 110 pounds. Taking moments about
the point X the point Z through which this re-
sultant downward force acts may be determined.
The resultant downward force is here referred
to as the apparent weight in air and. the point

Z through which this force acts as the apparent .

center of gravity in air which is 9.09-inches to
the right of X. Thus, the distance between the
points Z and C is 8.96 inches. ' This will give a
definite illustration of the different points which
are of dominant importance in connection with
this invention. The important thing to note is
that the apparent center of gravity in air is not
at the same point as the center of mass C but
a point an appreciable distance from it. This
illustration will also show that it is unnecessary
to have a lighter than air member to separate the
center of mass and the apparent center of gavity
in air. A lighter than air member has a similar
effect upon the separation of the center of mass
and apparent center of gravity in air as may be
similarly determined. Accordingly, the center of
mass will be low in the machine, while the cen-

conditions the center of mass and the apparent

"center. of gravity in air will be separated. This

apparent center of gravity in air is designated
36 in Fig. 9, while the point 85 is the center of
mass, and I hereinafter refer to these points in
this manner. . '

Should the lift force L, as shown in Fig. 9, and
the force of gravity.be equal and opposite, the

same condition will occur as in Fig. 5 heretofore .
‘mentioned. If, however, the force L is shifted

. 40 to the position shown in Fig. 10 and is-slightly
larger than the force G shown therein, the forces .

L and G will form the resultant force R which will
tend to accelerate the machine in its direction.
The inertia of the mass resists this acceleration
with a force equal and opposite to the force R

which is designated as A, which force will act.

through the center of mass 35. The forces A
and R form a couple which tend to turn the
machine from -its inclined position counter-
clockwise and tend to place the machine in an

‘upright position. As G is the only component

of R having a.moment about 35, its moment
about 35 equals the moment of R about 38. No

matter what the value or direction of L, as.

long as it is through 35, it does not affect the

- stabilizing moment. Even if L were zero, as when

70

.duces no turning - moment.

the propellers were stopped, the stabilizing mo-
ment would be undiminished.

In Pig. 11 I have illustrated the lifting force L
as inclined and passing through the center . of
mass 35, but not through the apparent center
of gravity in air 36, the force L. being slightly
greater than the force G and the resultant R
of the forces L and G moves through the center
of mass 386 and accelerates the machine in its
direction. The force A resisting the acceleration
passes through the center of mass and in this
case is. equal and in an opposite direction in
the same line to the force R and therefore pro-
Thus, should the
forces act in this manner while the machine is
vertical there is no tendency to turn it fromits
vertical position. i ’

Assuming the conditions, shown in Fig. 12, the

75 machine is inclined with the force L greater than

'3
G, as heretofore. The force L passes through
the center of mass but not through the ap-

parent center of gravity. The resultant R of

the forces I. and G accelerate the machine in
its direction, the force A resisting the accelera~
tion passes through the center of mass and the
forces A and R form a couple which tends to

"turn the machine counter-clockwise as viewed

in Fig. 12, from its inclined position to an up-
right position so that the position of Fig. 11 will
be re-assumed,

In Fig. 13 the force L does not pass through
the center of mass or the apparent center of
gravity in air, and while the machine is ver-
tical the resultant R forms a couple with the
resisting force A to produce a clockwise mo-
ment which will turn the machine from vertical.
Thus, it would appear that should this condition
occur the machine will tend to tilt, which will

occur until the conditions of Fig. 14 are reached, <

which shows the machine is inclined. The re-
sultant force R causes a counter-clockwise mo-
ment with the resisting force A passing through
the center of mass, and thus the machine would
stabilize itself at the position where the clock-
wise moment of the force L about the éenter of
mass would just be equaled by the counter-
clockwise moment of the force G about the cen-
ter of mass, and thus the machine would sta-
bilize at a slight inclination which would be
within tolerable. limits of use, the general rule
being that as long as the value of the moment
of the force L about the center of mass is less
than the product of the weight in -air and the
distance between the.center of mass and the

" apparent- ¢center of gravity in air the machine

will stabilize at some angle.
In the conditions assumed in Fig. 15 the liff

10
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force L passes through the apparent center of

-gravity in air but not through the cénter of

mass, and the machine is inclined so that the
lift is vertical.
force L'is equal to gravity force G. There is no
resultant force of L and G and the machine
would remain in the same position so long as
these conditions continue,

In the conditions assumed in Fig. 16 the lift
force L passes through the apparent center of
gravity in air 36 but not through the center of

‘mass 35. The machine is inclined and alse the

force L is acting in an inclined direction. The
resultant. R will accelerate the machine in its
direction and the force A offers a resistance,

40

It is here assumed that the lift

45

50

which force acts through the center of mass

'35. 'The couple of the forces A and R will tend

to turn the machine counter-clockwise until
the condition in Fig. 15 is reached. .

In the conditions assumed in Fig. 17 the force
L passeés through the apparent center of gravity
in air 38 but not through the center of mass

65

60

385. The machine is vertical, the two forces 1. .

“and R are equal, and the resultant R will accel-

erate the machine in its direction, and as the

force A resisting this acceleration acts through

the center of mass the couple of A and R will
tend to turn the machine in a clockwise direction
until the condition in Fig. 15 is reached. The
inclination of Fig. 15, as heretofore noted, is
within the range of a tolerable inclination which
may be had. - : . : e

The machine may shift somewhat from the

stabilived condition back and forth from the
conditions of Fig. 15 between Figs. 16 and 17, but

 natural resistances will stabilize the machine
75

in the condition of Fig. 15 rather quickly.

5
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It is of course appreciated that the change in’
the values of forces will change the conditions,
‘but in most of those figures heretofore men-
tioned the forces L. and G are substantially equal,
in some cases the force L being a little greater

than the force G. It will be apparent from these .
force diagrams that the machine will stabilize

itself at a reasonable angle so long as the oper-

ator keeps the force L in a line near the center-

of mass 3§ and at a reasonable angle with the
machine.

This lift force L is provided through the pro-
pellers 28 and 29 and the shafts are so arranged
that they are close to the line passing through
the center of mass. As the lift force L is the
resultant force of all the component air forces,

except buoyancy, upon all the machine, it is.

necessary to consider the effect of a relative wind
upon the force L. At low relative wind veloc-
ities L’is substantially the resultant of the force
produced by the sustaining and propelling means,

" and the action of the slip stream upon the ma-

chine. Assuming no change in the controls, this

force will remain constant, and in a fixed rela-

tion to the machine whatever the machine’s in-
clination, as long as the relative wind is negligible.

At higher relative wind -velocities a compo-
nent of the force L will be added of sufficient size

to materially affect the position and direction of

the force L. -The effect: of this resistance force
upon stabilization is helpful due to the fact that
the resistance is higher than the center of mass
which is purposely kept comparatively low.

It will be apparent, that by inclining the pro-
peller shafts as desired a propelling force forward
as well as a sustaining lift may be had and yet

- the machine may be kept in stability by reason of

the buoyant member above the body.

If it is desired that the stabilizing effect be in-

creaged the body 28 may be articulated to the
bulbous buoyant member 26 which is the gas con-

taining and sustaining means, by means of a

- gimbal arrangement 33 enabling the body to rock

0

in any direction with reference to the bulbous

member 26, as shown in Fig.18. A force diagram
is shown in Fig. 19 of the condition of the body
being articulated to the bulbous envelope so that
it may hang like a pendulum' therefrom.
articulation point is designated 46 and is at the
center of mass of the bulbous body 26. The artic-
ulation point is at the center of mass of body 26.
The body 25 imparts a force B to the member
26. 'The lift force L and gravity G also act upon
member 26. These forces B, L and G form a
resultant R of the forces acting upon body 26.
The force R acceleratés the body 26 in its direc-

tion, and the force A resists this acceleration. .

The couple A and R tends to return the body 26
to its proper vertical.: As G is the only compo-

nent force of R having a moment about the cen-

ter of mass of body 26, its moment equals the
moment of-R about the center of mass of body 26.
The stabilizing moment is therefore unchanged
by the action of 25 upon 26, and no matter what
the value or- direction of the force B, the body
26 will have the stability described in Figs. 9 to
17. The articulation point may be separated
from the cénter of mass of the'member 26 if the
moments which are present of the force B about

the center of mass of the member 26 opposite to-
~the stabilizing moment have not a constantly -

greater value than the stabilizing moment:
The advantage of having the stabilizing effect
act upon only a member instead of the whole ma-

The
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" chirne, is that the member ‘has a less moment. of

inertla about its center of mass than the whole -
machine. The stabilizing moment will, therefore, -

be able to stabilize the member more - quickly

with the same size envelope, or a smaller envelope
wil be necessary to obtain an equal stabillzing
time. -

point of articulation of the bulbous member 26

may be either above or below or between the cen-

It will of course. be readﬂy apparent that thev

ter of mass and the apparent center of gravity,

and various force diagrams may be readily worked

out illustrating these various conditions which I’

will not here attempt to show, as these will be
apparent from the force diagrams already pro-
vided. .

It will also be apparent that’ the bulbous mem-~

- ber may be either lighter or heavier than air and’

its various points of connection will also provide
various force diagrams, but in all cases the stabi-
lizing influence will be effected according to the
theory and arrangement heretofore mdlcated
above.

In some cases, 1t is desu'a.ble to prov1de ‘this

-~ principle in a control unit and I have illustrated
‘in Figs. 20 and 21 a plurality of propellers 45

with a bulbous member 46 which may be’ rocked

cause an inclination of the blades of propellers
to change their pitch through s suitable contfrol
mechanism,  thus change their effective values.

15
20

"with reference to the frame support 47 so as to.

The member 46 is. articulated to the body near

the center of mass of the member, and preferably
between the center of mass and apparent center

of gravity in air of the member. When the body *

becomes inclined with respect to the member 46,

rection of stabilization. With this arrangemenf«,
the member 46 acts merely as a control for the

- the propellers are so controlled that the sustain<
" ing force offers an increased ‘moment in the di-

applying of stabilizing forces rather than acting :

directly to stabilize the machine as a whole, all .

of which is within the preview of this invention.

Referring now more particularly to the mech-
anism for mounting and driving the propellers, I
have showh g suitable framework 50 in ‘which
there is mounted a drive shaft 5t driven from
some suitable engine, not shown, and which drives

through a suitable reduction gearing 52, a shaft’

45

68, there being a control clutch 54 with operating :

handle 65 for disconnection of the gearing.
Standards. 56 slidably mount a frame 51 which

may be raised and lowered by means of shafts 58 -

operated in unison through the sprocket chain
§9 and sprocket 60 by a handle 61 rotating the
threaded shafts 62 in threaded boss 63 fixed on
frame 51, the shafts 58 being rotatably mounted

" in bearings in the standards §6 but-axially held

between collars 64 and 66 fixed on the shafts 58.
Cross shaft 66 is mounted in bearings 67 on the
frame §7 and is driven through the telescoping
portion 68, 69 of the shaft 53 by bevel gears 70
and ‘11, " The shaft 66 in turn drives the bevel

gear 12 meshing with bevel gear 13 on shaft 14 gg

on the end of which there is a large bevel gear 5. .

A rectangular yoke 16 is rockably supported
upon the shaft 66 and in turn rockably supports
the frame 18 by means of shaft-17 and shaft 14

which has gear 16 mounted thereon. Upon this: 79

frame 18 there extends upwardly supports 79
which mounts g differential unit 80. Gear 15
drives the gear 82 which rotates about shaft 83
as a center and carries with it pinions 84 which

‘in turn engage the gear 85 fixed on the shaft 83 g5



2,192,300

. whllé also engaging internal gear teeth 86 of the

10

18

differential unit 80 so that pinion 84 also drives
this unit, and in turn the gear 871 through the
pinions 84’ which are rotated by engaging teeth

86’ of the unit 80. - Gear 81 is fixed on tube 88 to .

drive this tube in the opposite direction to rotate

~ the two propellers in opposite directions. Disks .
88 and 90 are provided with brake shoes 81 and

92 which are operated by the plungers 93 and 94

through suitable air brake conduits.95 and 96 so.
that one propeller may be retarded while the

other will be correspondingly increased due to
the differential connection of the mechanism, the
control being from some suitable location in the
body of the machine. .

In order to-rock the propellers about the axis
of the shaft 66 as a center I may manipulate the
handle 100 which through screw shaft 101 rocks
the arms 102 and 108 of the bell crank lever piv-
oted at 104 to move the link 105 connected to
the frame 18 to rock this frame and the propellers
and shafts carried thereby about the axis of the
shaft 66 as a center. To rock the propeller shafts
about the shafts T4, 71 as a ceitter I manipulate
the handle 106 which through shaft 10T bevel
gears 108, 109, shaft. 110, slide (12, rocks lever

" 118, pivoted at fi4 and connectéd to the collar

30

115 by a yoke which permits rotation of the collar
while maintaining . connection thereto to move
the link (16 and its connection 117 to the frame

. 18 whereby to rock this. frame about the shafts

50

positions in the slot 21.

74, 11 which are at right angles to-the shaft 66.
Thus, the handles 100 and 106 serve to manipu-
late the propellers both about a lateral axis and
also a longitudinal axis to dispose them in various

The above mechanism
of a means to drive the propeller shafts and other

equivalent means may be provided by which lift-

ing and propelling force may be applied to the
machine. :

The foregoing description is directed towards
the method and construction illustrated, but I
desire it to be understood that I reserve the privi-
lege of resorting to all the equivalent changes to
which the construction and method are suscepti-
ble, the invention being defined and limited only
by the terms of the appended claims. .

I claim: ) . ’

1. An aerial navigating machine comprlsing a

body, means providing a sustaining force, and a
bulbous - member -above said body providing a
total buoyant force of sufficient value to cause
the points of actual center of mass and apparent
center of gravity in air of the member to be sub-

stantially spaced, said bulbous member being -

fixed to the sustaining means but articulated to
said body to move with reference thereto in any
direction to change the angular relation.

9. An aerial navigating machine comprising a
body, means providing a sustaining force, and a
bulbous member providing a buoyant force of
sufficient value to cause the points of actual cen-
ter of mass and apparent center of gravity in air
of the member to be substantially spaced, said
bulbous member being articulated to said body
to move with reference thereto, and means gov-

" erned by the movement of the bulbous member
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with respect to the body to control the sustalning
force of sald body. :

3. An aerial navigating machine comprising a
body, means providing & sustaining force for said
body, & bulbous member above the body provid-
ing & resultant downward force but of a size
having a total buoyant force of sufficient value to

is merely one example -

cause the points of the actual center of mass and.
apparent center of gravity in air to be substan-
tially spaced, said means including a shaft ex-
tending through said bulbous meniber. .

4. An aerial navigating machine comprising &’
body, means providing a sustaining force for said.

body, a bulbous member ‘above the body. provid-

ing a resultant downward force but of a size hav-.

ing- a total buoyant force of sufficient value to
cause  the -points. of the actual center of mass

and apparent center of gravity in air to be sub-

stantially spaced, said means including a shaft

movable with reference thereto. . ;

5. An aerial navigating machine comprising a
body, means providing a sustaining force for said
body, a bulbous member above the body providing
a resultant downward force but of a size having

- @ total buoyant force of sufficient valte to cause -
the points of the actual center-of mass and ap--

parent center of gravity in air to be substantially
spaced, said means including oppositely rotatable
shafts extending through said bulbous member.

6. An aerial navigating machine comprising a
body, means providing a sustaining force for said

‘body, a bulbous member above the body provid-

ing & resultant downward force but of a size hav-
ing a total buoyant force of-sufficient value to

-cause the points of the actual center of mass and

apparent center .of gravity in air to be sub-

* stantially spaced, said means including oppositely

rotatable shafts extending through said bulbous
member and movable with reference thereto.

7. An aerial navigating machine comprising a
body, means providing a sustaining force for said
body, a member above the body providing a re-
sultant downward force but of a size having a

. total buoyant force of sufficient value to cause

the points of the actual center of .mass and ap-
parent center of gravity in air to be substantial-

ly spaced and having a slot therein, said sus--

taining means extending through and being

-movable in said slot.
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"extehding through said bulbous member and
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8. An aerial navigating machine. comprising & .

body, means providing a sustaining force for said
body, a bulbous member above the body provid-
ing a resultant downward force but of a size
having a total buoyant force of sufficient value
to cause the points of the actual center of mass

and apparent center of gravity in the air of the

whole machine to be substantially spaced, said
sustaining means including two propeilers and
shafts, and means for driving said propellers and
shafts in opposite directions through a differen-
tial gearing. v . ' v

9. An aerial navigating machine - comprising
a body, means providing a sustaining ferce for
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said body, a bulbous member above the body -

. providing a resultant downward force ‘but of a

size having a total buoyant force of sufficient
value to cause the points of the actual center of

‘mass and apparent center of gravity in the air

of the whole machine to be substantially spaced,
said sustaining means including two propellers
and shafts, with the propellers being disposed
above the center of mass of the machine.

10.. An' aerial navigating machine comprising -

a body, means providing a sustaining force for
said body, a bulbous member. above the body
providing a resultant downward force but of a
size having a total buoyant force of sufficient
value to cause the points of the actual center of
mass and apparent center of gravity in the air
of the whole machine to be substantially spaced,
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said sustaining means including two propellers s
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and shafts with the propellers being disposed to cause the points of the actual center of mass

above the center of volume of the machine. and apparent center of gravity in the air of the
11. An aerial navigating machine comprising whole machine to be substantially spaced, said

a body, means providing & sustaining force for sustaining means including two propellers and

sald body, a bulbous member above the body pro- shafts, with the propellers being disposed above s

vidin a resultant downward force but of a size ' the bulbous member. ‘ - .

having a total buoyant force of sufficlent value HOWARD A. DROITCOUR.




