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This invention relates to sustaining rotor
constructions for aircraft, and is particularly
concerned with the general type of rotor con-
struction which includes a plurality or set of
sustaining blades or wings mounted for ro-
tation about a common substantially verti-
The invention, further-
more, is especially useful in connection with
rotor constructions of this character which
are adapted to be actuated by relative air-flow
such for example, as results from movement
of the craft through the atmosphere.

The general nature, objects and advantages
of this invention can best be understood from
a consideration of some of the characteristics
of rotor constructions of the type in question.

The sustaining blades or wings of the type
here involved are preferably mounted or ar-
ranged in such manner as to provide for rel-
ative blade movements both within and trans-
versely of the general path of rotative travel
of the set. To this end, blades of this char-
acter are preferably individually articulated
or pivotally mounted with -respect to a com-
mon hub member, so that the blades are free
to assume various positions, independently of

" each other, under the influence of centrifugal,
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lift, drag, anti-drag and other forces to which
they are subjected during rotation and flight
operation. ‘ ' :

1t has been found to be desirable to control,
Hmit or yieldingly resist at least certain blade
movements or displacements of the character
hereinbefore referred to, and to thisend blade

interconnections are preferably employed, an -

example of one type of blade interconnection
being disclosed in my copending application,
Serial No. 145,655, filed November 1st, 1926,
In addition, resilient means, which.are oper-
able as to the several blades independently of
each other, are also preferably provided in
order to effect still further control in a man-
ner fully set forth herebelow.

In many instances when rotor constructions
of this type are operating at flight speed, the
resistive forces of the blade interconnections
need not be very great and, indeed, might even
be dispensed with or eliminated under some
circumstances. Thisis probably due, at least
in part, to the. greatly increased effect of in-

ertia forces on the blades themselves when

they are operated at flight speeds, so that
the blades tend to retain, more closely, their
normal (substantially radial) positions.

- At slow speeds of rotation and particularly
in starting or initiating rotation of the blade
system prior to takeoft, it is highly desirable

that, at least, the larger blade movements

should be materially restricted or controlled.
However, since the effect of inertia forces on

the blades in starting and at slow speeds is.

not sufficient to maintain the desired blade
position, the use of some other means to ac-
complish the desired control should be pro-
vided. .

With the above-noted conditions in mind,
the present invention contemplates the use
of means which provide relatively great con-
trol or restraint at starting and at slow
speeds of rotation and which, at the same
time, has relatively little or no effect at nor-
mal flight speeds of rotation. :
-~ The mechanism of the present invention,

furthermore, is advantageous when used in

combination either with a mechanical start-
ing device such, for example, as illustrated in
my issued Patent No. 1,692,082, dated Novem-
ber 20th, 1928, in which torque is applied to

the hub of the blade system, or with an air-

flow or slip-stream starter such as disclosed
in my copending application, Serial No.
423,773, filed March 8rd, 1930, in which ro-
tation is initiated by the effect of a current of
air moving across the blades themselves. .

In addition to the foregoing, the present
invention contemplates the use of a form of
mechanism or apparatus which is not only
simple and rugged, but alse highly efficient
from the standpoint of structure and aero-
dynamics. : »

Other objects and advantages will appear
herebelow.

How the apparatus of the present inven-
tion may be applied to sustaining rotor con-
structions, is illustrated in the accompanying
drawings in which— i

Figure 1 is a top plan view of a rotor con-

struction of the general charscter here in-

volved, certain of the sustaining blades there-
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of being broken away for the sake of sim-
plicity in the drawing;

Figure 2 is an enlarged fragmentéry top’

view, partly in section and partly in eleva-
tion, of the hub end portion of one of the

. blades with various blade pivot parts asso-
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ciated therewith; and : :
__Figure 3 is a view similar to Figure 1 but
illustrating a modified structure.

In Loth Figures 1 and 3 the reference char-

acter 3 designates a central blade mounting
or hub member which, it will be understood,
is arranged or mounted for free rotation with
the blades under the influence of relative air-
flow. In each one of these figures, further-
more, the sustaining blades are indicated by
the reference numeral 4, each one of the blades
being provided with a shank portion 5
which is secured or attached to the structure

3 preferably by means of a plurality of pivot

or articulated joints, the parts being arranged
in such manner as to provide for individual
¥ivotal movement of the blades on two dif-
erent axes which are disposed at right angles
to each other as indicated in the main views
(Figures 1 and 3) at 6 and 7. :
From the inspection of Figure 2 it will be
seen that the hub or inner end 5a of each
blade is provided with the joint part includ-
ing spaced and apertured lugs 6a. The piv-
ot pin 6 serves to connect the part 6z with
another joint part 7e which, of course, is

suitably apertured to receive the pin 6. The
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joint. part 7a, furthermore, is also provided
with ‘spaced and apertured lugs through

which the pin 7 extends and between which

the block 3a of the hub structure is positioned.

- Additionally, a rubber block such asindicated
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at 56 is positioned or disposed between rela-
tively moving surfaces of the joint parts 6a

and 7a preferakly, in such manner as to re-

main under comprassion in all relative posi-

tions of the said parts 6 and 7a. It might
- also be noted that in Figure 2 the full line

showing of the blade stub 5a indicates a con-
siderably flexed position, while the.dot and
dash showing at 5¢ illustrates the position
which the blade will occupy with respect to
the joint part 7a when the former is in its
normal or substantially radial position.

The structure just described, i. e., the parts
employed in the pivotal mounting of the
blades with respect to the common hub, is not
a part of the present invention per se but is
described, illustrated and claimed in.my co-

‘pending application, Serial No. 496,872, filed

November 20th, 1930. .
" Referring now particularly to Figure 1 it
will be seen that, in accordance with the pres-
ent invention, blade interconnections in the
form of cables or wires 9 are provided be-
tween adjacent blades, and each cable 9 is
suitably secured at one end to a blade at a

oint-such as indicated at 10, the said point

ing spaced substantially from the hub mem-

~
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_ber 3. Each cable 9 extends from its point
.of attachment 10 on one blade to another

blade which carries a-suitable roller 11, the

cable being passed over this roller and extend-
ing internally of the blade as indicated at 9a.
This cable section 9a is.preferably extended
within the shank portion 5 of the blade and
is secured therein to an additional cable 12
by means of a connecting or coupling device
13. The cable 12 in turn is attached to one .
‘end of a resilient mechanism such as- the

spring 14, the other end of such spring being

fixedly mounted preferably toward the inner
end of the blade shank as at 15. "A weight
16, furthermore, is disposed within the blade
and arranged for sliding movement within
a suitable guide such as the tube 17. This
weight is coupled or connected to the device
13, and thus to the cable sections 9a and 12,

by means of a shaft, cable or the like, shown &
" at 18. '

According to the application of this mech-
anism illustrated-in Figure 3, a wire or cable
19 is attached as at 20 to one blade 4 external-
ly thereof, from which point the cable 19
extends to an adjacent blade carrying a roll-
er 21 over which the cable passes to provide
a section thereof, 19a extending substantial-
ly lengthwise of the blade shank 5. . In this
instance, however, the weight 22 is inter-
posed between the cable 19 and the spring
device 28 and, if desired, the cable section 19¢
may be extended directly to the outer end of
such spring, in which case the weight 22 may
be secured to or mounted thereon. This ar-
rangement is clearly illustrated in Figure 3,
and from this figure it will also be seen that
these parts are all disposed externally of the
blade structure so that they may readily be
attached to very simple or small blade struc-
tures. Additionally, the weight 22 is pref-
erably provided with suitable guide means
such as the tube 24 mounted externally of the
blade shank 5 as by means of clamps or
brackets 25. The inner end of the spring 23,
of course, is secured to a stationarily mount- -
ed or fixed part such as the bracket or plate 26.

The operation of both forms of the inven-
tion above described, generally, is quite sim-
ilar and includes briefly a very substantial re-
straint or restriction of individual blade
‘movements durigg initiation of their com-
mon rotative movement which may be effect-
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ed, for example, by means of either a me- -

chanical or slip-stream type of starter mech-
anism such as those hereinbefore referred to.
This substantial restrictien or control results
from the combined effect of the blade inter-
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connections above described and of the resil- .

ient block or device 50 which, is associated T

with the blade pivot parts. In view of the
fact that the rubber blocks 55 are constantly
under compression, they always exert a force
tending to maintain a substantially radial .
blade position. These stops, therefore, serve
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to prevent substantial blade movements with-
in the general path of travel thereof when the

. sustaining system is inactive or at rest. How-

10

ever, as brought out clearly in my copendin
application, Serial No. 496,872 above referre
to, resilient stops of this character are pref-
erably so designed as to permit the blades to
move freely or, at least, without any sub-
stantial restraint during normal flight-rota-
tion, it being noted that it is highly desirable
that the blades should be free, independently,
to assume various positions of equilibrium
under the influence of centrifugal, lift, drag
and anti-drag forces. This relative freedom
in flight, also as brought out in the last men-
tioned co-pending application, is due to the
fact that t}ﬁ

. rubber blocks or cushions is not sufficient to
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materially hamper or impair movements
which are caused by the normal flight
forces such as those just referred to. "

The resistive value of the blade intercon-
nections disclosed herein, in the preferable
arrangement, is so proportioned with respect
to that of the resilient cushions associated
with the blade pivots and the effect of cen-

“trifugal force on the blades themselves, that,

just after initiation of rotation and during
the lower rotational speeds, the blade inter-
connections serve to exert a substantial re-
sisting force as to the movements of one blade
with respect to another in their general path
of travel. In this connection, it should be
borne in mind that shortly after initiation of
rotation, the action of centrifugal, drag and
anti-drag forces is such as to materially re-
duce the effect of the resilient stops or cush-
ions at the blade hubs so that at such times;
and before flight speed of rotation is attained,
the blade interconnections serve. to substan-
tially prevent any undesirably great indi-

“vidual blade movements under the influence

of the starting force which is being applied

_to the system. However, as flight speeds of
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5 rotation are approached, the weight devices

16 or 22 which are associated with the blade
interconnections are affected sufficiently by
centrifugal force to materially reduce, if not
completely eliminate, the effect of the blade
interconnections, it being noted that at flight
speeds of rotation the action of inertia forces
on the blades is, in many instances, sufficient
to maintain the desired ‘blade positions. I

prefer, therefore, to relatively arrange and

proportion the resistive value of the blade
interconnections and the weight devices in

- such manner as to substantially eliminate the

effect of the blade interconnections at flight
speeds of rotation. "

1t will be seen, therefore, that the size or
mass as well as the disposition of the weights

16 and 22 may be arranged, relatively to vari- .

ous forces acting on the blades, either to com-
pletely eliminate the action of a blade inter-

e restrictive force exerted by the’

3

connection or, at least, to substantially re-
duce such action, as desired.

Also, as it may be desirable in certain in-
stances to increase the effect of centrifugal

“force on the outer portions of the blades at

flight-speeds of rotation, the weight devices

may be so proportioned and arranged with -

respect to mass and extent of movement
under the influence of centrifugal force as
to suitably alter the center of gravity of the
blade lengthwise thereof and thus provide for
automatic shift of the center of gravity of
the blade outwardly as flight speeds of ro-
tation are approached. ,

According to the foregoing, therefore, the
present invention makes provision for rela-
tively great restriction or control of individ-
ual blade movements in their general path of
travel at starting and at the same time pro-
vision for relatively great, or, if desired, com-
plete, freedom for such movements during
normal flight operation. In addition, the
present invention accomplishes the above as
well as other objects and advantages herein-
below pointed out, by the use of a simple,
convenient and effective form of apparatus.

In connection with the application of the
structure illustrated in Figure 1, it should

be noted that, in this instance, all of the op-.

erating or movable parts of the interbracing

system, with the exception of a single section

of cable extending between adjacent blades,
is housed or mounted within the blade itself
so that parasite drag or wind resistance is
reduced to a minimum. ‘ -

On the other hand, the structure of Figure
3 is of a somewhat simpler arrangement and
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may be desirable for certain installations for

-thisreason. Inaddition, the simplicity of the

construction illustrated in Figure 8 greatly
facilitates application thereof externally of
the blade and, therefore, in some cases, es.
pecially where the blade structure itself does
not readily lend itself to the internal appli-
cation, this particular arrangement is very
desirable. It will be understood, of course,
that with this last type of application, the
parts which are located externally of the
blades maﬁ be suitably faired or stream-lined
with the shank portions of the blades.
Telaim: .

1. In an aircraft, a set of sustaining blades

mounted for rotation-about a common axis
with freedom for movement of one blade with
respect to another, and a mechanism for ¢on-
trolling said movement, together with means
associated with said mechanism and influ-
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enced by the action of centrifugal force dur-

ing rotation of the set of blades to progres-

sively decrease the controlling effect as the

speed of rotation increases.

2. In'an aircraft, a set of sustaining blades

mounted for rofation about a common axis

with freedom for movement of one blade with
g : v - ¢
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respect to another, and a mechanism for con-

trolling said movement, together with means'

associated with said mechanism and influ.
enced by the action of centrifugal force dur-
ing rotation of the set of blades to progres-
sively decrease the controlling effect substan-
tially to the zero point at normal flight speeds

- of rotation. :

3. In an aircraft, a set of sustaining blades
mounted for rotation about a common axis
with freedom for movement of one blade
with respect to another, and a mechanism for
controlling said movement, including means
yieldingly resisting said movement and

means operative by the action of centrifugal:

force, during normal flight rotation of the
set of blades, to reduce the resistance value
of the resisting means. ,

4. In an aircraft, a set of sustaining blades
mounted for rotation about a common axis
with freedom for movement of one blade
with respect to another, and a mechanism

“for controlling said movement, including

€l

blade interconnections yieldingly resisting
said movement and a device associated with
the blade interconnections and influenced by
the action of the centrifugal force during
rotation of the set of blades to progressively
decrease the controlling effect as the speed of
rotation increases. oo

5. In an aircraft, a set of sustaining blades
mounted for rotation about a common axis
with freedom for movement of one blade with
respect to another, and a mechanism for con-
trolling said movement, together with means
associated with said mechanism and in-
fluenced by the action of the centrifugal
force during rotation of the set of blades to
decrease the controlling effect as the speed
of rotation increases.

6. In an aircraft, a set.of sustaining blades
mounted for rotation aout a common axis
with freedom for movement of one blade with

respect to another, and a mechanism for con- .

trolling said movement, including blade in-
terconnections yieldingly resisting said move-
ment and a device associated with a blade
interconnection and influenced by the action

of centrifugal force during rotation of the

set of blades to decrease the controlling effect
as the speed of rotation increases.

_ 7. An aerial device having a set of sustain-

ing blades mounted for rotation about a com-
mon axis with freedom for movement of one
blade with respect to another in addition
to the common rotation of the set and means
for controlling relative blade movenient in-
cluding a resilient device associated with a
plurality of blades and weight means ‘asso-

ciated with the resilient device and arranged

for movement, under the influence of centrif-
ugal force during the said commorn rotation
of the set of blades, to contrel the effective
resilience of said device. :

8. An aircraft having a set of movable sus-

1,807,042

taining blades, a blade mounting structure
providing for rotation of the set about a com-
mon axis and relative movement thereof in
addition to the common rotation and a mecha-
nism for controlling relative blade movements
including tension blade - interconnecting
means and a weight arranged for movement
under the influence of centrifugal force and
associated with said interconnecting means
in such manner as to control the tension
thereof. : B o
9. An aircraft having a set of movable sus-
taining blades, a blade mounting structure
providing for rotation of the set about a com-
mon axis and relative movement thereof in
addition to the common rotation and a
mechanism for controlling relative blade
movements including tension blade-intercon-
necting means and _a weight arranged for
movement under the influence of centrifugal
force and associated with said interconnect-

ing means in such manner as to control the -

tension thereof, said weight being carried by
a blade. T

10. An aircraft having a set of movable
sustaining blades, a blade mounting structure
providing for .rotation of the set about a
common axis and relative movement thereof
in addition to the common rotation and a
mechanism for~ controlling relative blade
movements " including tension blade-inter-
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connecting means and a weight arranged for
movement under the influence of centrifugal

force and associated with said interconnect-
ing means in such manner as to control the
tension thereof, said weight being mounted
within a blade. : ' ,

'11. An aircraft having a set of movable
sustaining blades, a blade mounting struc-
ture providing for rotation of the set about

“a common axis and relative movement thereof

in addition to the common rotation and a
mechanism for controlling relative blade
movements including blade interconnecting
means, a device adapted to place the inter-
connecting means under tension and a weight
arranged for movement under the influence
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of centrifugal force and associated with said -

device in .such manner as to control the ten-
sion thereof.. <

12, An aircraft having a set of movable
sustaining blades, a blade mounting struc-
ture providing for rotation of the set about a
common axis and relative movement thereof
in addition to the common rotation and a

mechanism for controlling relative blade

movements including blade interconnecting
means, a device adapted- to place the inter-
connecting means-under tension and a weight
arranged for movement under the influence
of centrifugal force and associated with said
device in sach manner as to control the ten-
sion thereof, said weight and said device be-
ing mounted internally of a blade. ’

13. An aerial device having a set of sus-
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‘taining blades, a mounting structure for said

blades including means providing for rota-

‘tion of the set about a common axis and

means providing for pivotal movement of
one blade with respect to another, means as-
sociated with the pivot means for controlling
pivotal movements and a device associated
with a plurality of blades for controlling
such pivotal movements, said device includ-
Ing means operable under the influence of
the centrifugal force incident to the common
rotation of the set of blades to vary the con-
trolling effect of-the device. ,

14. An aerial device having a set of sus-
taining blades, a mounting structure for said
blades including means providing for rota-
tion of the set about a common axis and

means providing for pivotal movement of

one blade with respect to another, means as-

trolling movements of the blade, and means
acting progressively as rotational speed in-
creases, to decrease the effect of the control
means. ’ ‘ '

19. In an aircraft, a set of sustaining

blades mounted for rotation about a common *

axis with freedom for movement of one blade
with respect to another, and a mechanism for
controlling said movement, together with
means associated with said mechanism and
influenced by the action of centrifugal force
during rotation of the set of blades to de-
crease the controlling effect substantially to
the zero point at normal flight speeds of ro-

-tation.

In testimony whereof, I have hereunto

signed my name. . -
~ JUAN pE 1a CI}ERVA.

sociated with the pivot means for controlling

pivotal movements and a device associated
with a plurality of blades for controlling
such pivotal movements, said device includ-
ing means operable under the influence of the
centrifugal force incident to the common ro-

- tation of the set of blades to reduce the con-
* trolling effect .of the device as the speed of
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rotation increases.

15. An aerial device having a set of sus-
taining blades, a mounting structure for said
blades including means providing for rota-
tion of the set about a common axis and
means providing for pivotal movement ol
one blade with respect to another, means as-
sociated with the pivot means for controlling
pivotal movements and a device associated
with a plurality of-blades for yieldingly re-

: s_istin(%- such pivotal movements, said device
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. about a common axis and relative movement )
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including means operable under the influence
of the centrifugal force incident to the com-

sA.

70

75

80

85 -

- 90

mon rotation of the set of blades to vary the '

effective resistive value of the device.

16. An aerial device including a set of mov-
able sustaining blades, a blade mounting
structure providing for rotation of the set

thereof in addition to the.common rotation
and means associated with a blade and oper-
able under the influence of changes in’ the

effect of centrifugal force at different speeds-

of rotation to alter the position of the cen-
ter of gravity of the blade. =

17. In an aircraft, a sustaining rotor with
a blade mounted thereon, having means per-
_mitti;lg blade displacement movements under
the influences of various forces, means con-
trolling movements of the blade, and weight
means mounted in association with said blade

for movement generally along its axis under
“the influence of variations in centrifugal

force to alter the effect of the control means.
18. In an aircraft, a sustaining rotor with

"a blade mounted thereon, having means per-

8.

mitting blade displacement movements under
the influences of various forces, means con-
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