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11 Claims.

This invention relates to improvements in 2610~
nautical propellers and has particular reference
to an improved aeronautical propeller of the con-
troliable-pitch type having its blades rotatably
mounted in a hul structure and including mech-
anism for rotating the blades to change the pro-
peller piteh,

An object of the invention resides in the pro-
vision in" & propeller of the character indicated
of improved means for accurately adjusting the
pitch angles of the various blades with respect to
each other; : ‘

A further object resides in the provision of im-
proved means for obtaining an accurate aerody-
namic balance between the blades of a control-
lable-pitch propeller. :

A still further object resides in the provision in
a controllable-pitch propeller of the character in-
dicated of means for connecting the blades to=
gether for simultaneous pitch changing move=
ments combined with means for obtaining a ver-
nier adjustment of the pitch angle of the respec-
tive blades with respect to each other without in-
terfering' with the simultaneous pitch changing
movements of all of the blades. ‘

Other objects and advantages will be more par-

ticularly pointed out hereinafter or will' becomie

apparent as the description proceeds:. v

In the accompanying drawings, in” Which like
reference numerals are used to designate similar
parts- throughout there is illustrated a suitabls
mechanical embodiment for the purpose of dis-
closing the invention. The drawings, however,
are for the purpose of illustration only and are
not to be taken ag limiting or restricting the in-
vention since it will be apparent to those skilled
in the art that various changes in the illustrated
construction may be resorted to without in any
way exceeding the scope of the. invention.

In the drawings;

Fig. 1 is an elevational view of the hub portion
of’ a.propeller to which the device: of the:inveri~
tion maybe applied.

Fig. 2 is an elevational view on an enlarged
scale of a fragmentary portion of the propeller:
construction’ illustrated in Fig, 1 a.portion: there-
of being broken away and shown in section to il-
lustrate the application of the invention thereto,

Fig. 3 is a transverse sectional view on g some-

what reduced scale taken on the line 3—3' of!

Fig, 2.
Fig. 4 is’ a transverse: sectional view on & re-

duced scale taken on the line: 4—4 of Fig. 2; and-

Fig. 5 is:a sectional view similar to Fig. 2 show-
ing the application of the invention td. a; some~
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what different form of propeller from that illus-
trated in Fig. 2.

Referring to the drawliigs in detail, the nu-
meral 10 generally indicates g bropeller hub
structure carrying s plurality of rotatably mount-
ed’ blades; as generally indicated at 12 and (4.
For operation the Propeller is' mounted upon sn

enigine shaft 8 projecting from an engine 18 and
extending through the center of the propeller hub
structure 10:

The blades may be rotated ini the hub structure
to change the pitch of the propeller by any suit-
able or desired mechanism' various hydraulic and
elecirical mechanisms for this burpose being well
krown o’ the prior art. .An illustrative hydraulic
mechanisni of the character shown i Fig. 2 being

particularly illustrated and described in United
States Patent No. 2,296,288, for Controllable-
pitch propellers; issued September 22, 1942, and
a hydraulic mecharist of the character Indicated
in Fig. 5 being particularly illustrated and de=
scribed in Utiited States Patent No. 2,174,711, ig-
sted-October 3; 1939; to Frank W. Caldwell et gl.
for Multiposition controllable piten propeller,

Referring to the construction illustrated in Fig;
2, each of the propeller blades is secured in the
hub - structute by a suitable- anti-friction thrust
bearing, such’ as' is indicated st 20; and is’ pro-
vided at its end within the hub with & gear ele-
ment 22 which may be formed integrally with the
blade' or may be formed separately and secured
to' the blades: against relative rotation by some
suitable nieans such as the spline conriection 24:
In the'construction illustiated in Fig. 2-the shank
portion of the gear 22 constitites g part of a hy~
draulic- motor: device having: altérnate vanes on
the: geat 22 and on-a hub carried inner member
disposed- about-the axis of the blade for rotating
the: blade: t6- change its pitch. Such a pitch
changing: motor device is: particularly illustrated
and- described- iri- United States Patent No.
2;296-,28_’8 réferred'to above:

Each- of’ the'géars’ 22 in siich o propéller con-:
struction, meshes‘with a-gear 26 the axis of which
Is-disposed at right-angles to the axes of the gears:
22°50 that the gear 26 serves to rotationally conz
nect- all- of- the- blades’ to insure that the pitch-
changing"miovements of the’ blades will be simul~'
taneous and coextensive:. The: gear 2§'is rotatably
supported. in an anti-friction bearing, generally
indicated” at’ 28 mounted: in an. annular portion:
of the hub 10 and comprises:an inner race mem+
ber~30: motinted oh'a reduced. annular portion of
thegear, ah-outerrace member 32 mounted-in: the*
hub and-retained against: axial movements by a-
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pair of annular pitch limit stop members 34 and
36, and a row of anti-friction elements, such as
the balls 42 interposed between the races. The
pitch limit stop members 34 and 36 are held in
position by a hub closure member 38 and a nut
40 screw threaded into the end of the annular ex-
tension of the hub.

In the form of the invention shown in Fig. 2,
in which the blades are turned by respective vane
motors, an annular member 44 has a reduced
annular portion 46 disposed hetween the gear 26
and the shaft 16 or between the gear and a pro-
peller retaining nut screw threaded into the end
of the shaft and has an enlarged annular por-
tion 48 fitting within the limit stop members 34
and 36. The outer surface of the annular por-
tion 46 is provided with splines or serrations 50
and one or more curved members such as 52 hav-
ing serrations upon both sides thereof are dis-
posed: between the annular portion 46 and the
serrated inner surface of a reduced sector por-
tion 53 of the gear 26.

As is particularly shown in Fig. 3, the gear
26 is formed of a plurality of separate annular
sections, there being one section for each blade
carried gear 22 so that, in the case of a three
bladed propeller, as illustrated, there are three
parts to the gear 26, one part meshing with each
blade carried gear, and a sufficient space is left
between the adjacent ends of these gear parts
to permit adjustment of the gear parts relative
to each other. The ratios between the gears 22
and 26 are chosen so that each separate gear part
contains a sufficient number of teeth to turn the
gear 22 and its associated propeller blade through
the desired pitch range.” There are also a num-
ber of connecting elements 52 equal to the num-
ber of gear parfs, these being indicated at 52, 54
and 5% in Fig. 3. In order to adjust the pitch
of the various blades relative to each other the
sectors constituting the gear 26 are meshed re-
spectively with the blade carried gears and the
blades are brought to the desired relative pitch
angles. With the blades held in the desired rela-
tive position by the friction of the bearings 20
or otherwise, the member 44 is moved along the
shaft 16 to a position convenient for the inser-
tion of the locking sectors 52, 54 and 56. These
sectors are then inserted, being moved slight dis-
tances circumferentially of the member 44 until
a position is found in which the splines or serra-
tions on the opposite sides of these sectors fit
the splines within the sections of the gear 26 and
the splines on the exterior of the annular por-
tion 46 of the member 44.

The number of splines on these varlous sur-
faces is varied in a manner to give a vernier ad-
justment of the sectors 52, 54 and 56 relative to
the gear 26 and member 44 so that the sectors

52, 54 and 56 can be inserted at substantially all-

operative positions of the member 46 relative to
the various gear sectors. As a specific example,
the gear parts may have notches cut in them in
such a manner that there would be ¢ne hundred
and fifty six (156) of them in three hundred and
sixty degrees, and the annular portion 46 may
have one hundred and fifty three (153) notches
cut in three hundred and sixty degrees. This
would means that if the sector were moved along
one notch of the annular portion 46 the gear por-
tion would have to be moved only .045 degree in
order to have the notches again mesh. Assum-
ing a gear ratio of forty-four to forty-eight of the
gears 22 and 26 this would mean that the blades
could be adjusted in .049 degree steps. After the
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sectors 52, 54 and 56 have been matched with
the splines or serrations on the gear sectors and
the member 44, the member 44 is moved to the
operative position illustrated in Fig. 2 and the
member 38 and nut 40 are then brought in posi-
tion to retain the various parts in the assembled
relation illustrated.

A portion 48 of the member 44 is provided with
a plurality of outwardly projecting lugs as indi-
cated at 58, 60, 62 and 64 in Fig. 4, which cooper-
ate with inwardly projecting lugs 66 and 68 in
the limit stop member 36 and similar inwardly
projecting lugs in the limit stop member 34 to
limit the rotational movements of the member
44 relative to the limit stop members 34 and 38
and thereby limit the rotational movements of
the gear 26 relative to the hub structure 10 to
thereby provide positive upper and lower limit
stops for the pitch changing movements of the
propeller blades, the members 34 and 36 being
held against rotational movement relative to the
hub structure by a suitable spline connection 16.

With the above described arrangement it is ap-
parent that the propeller blades are inter-con-
nected for simultaneous coextensive pitch chang-
ing movements and may also be adjusted relative
to each other to obtfain complete aerodynamic
palance of the propeller.

The form shown in Fig. 5 is the same as that
shown in Fig. 2 and described above the only dif-
ference in the two disclosures being that in Fig. 5
the invention has been adapted to a type of con-
trollabie-pitch propeller in which the blades are
turned in pitch changing directions by a single
electric or hydraulic motor. In this arrangement
the members 44 and 38 are omitted and the pitch
changing cam member 12 such as is shown in
United States Patent No. 2,174,717 referred to
above, is provided with a reduced annular exten-
sion 14.provided with exterior splines or serra-
tions 16 which engage with the splines or serra-
tions on the inner surface of the locking seg-
ment illustrated, which may be any one of the
segments 52, 54 or 56 and has been indicated as
the segment 54. The sectors of the gear 26 are
the same as those illustrated in Fig. 2 and de-
scribed above and the bearing 42 and pitch limit
stop members 34 and 36 may also be the same
as those described above in connection with Fig.
2. Since the member 44 has been eliminated a
plurality of lugs or extensions, one of which is
indicated at 18 may be provided on the cam
member 12, either rigidly connected thereto or
formed integrally therewith, to cooperate with

= the internal extensions or abutments on the

members 34 and 36 to provide positive limit stops
for the pitch changing movements of the pro-
peller blades. In this construction the inner seal
80, shown in Fig. 2, may be omitted and the outer
seal 82 of Fig. 2 may be incorporated, as indi-
cated at 84 between the flanged open end of
the dome 86 and the adjacent end of the hub to
which the dome is secured by the nut 88 screw
threaded into the annular extension of the hub
10.

While a suitable mechanical embodiment of
the invention has been hereinabove described and
illustrated in the accompanying drawings for
the purpose of disclosing the invention, it is to
be understood that the invention is not limited
to the particular arrangement so illustrated and
described but that such changes in the size, shape
and arrangements of the various parts may be
resorted to as come within the scope of the sub-
joined claims, ; :
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Having now described the invention so that
others skilled in the art may clearly understand
the same, what it is desired to secure by Letters
Patent is as follows:

1. In a controllable-pitch propeller having a
hub structure, a plurality of blades rotatably
mounted in said hub structure for pitch changing
movements, a gear fixed on the hub end of each
of said blades, means inter-connecting said blade
gears for changing the pitch of all of said blades
simultaneously, said inter-connecting means in-
cluding a rotatable annular member, a plurality
‘of separate elements, and a plurality of sector
gears, one element and one sector gear asso-
ciated respectively with each blade gear, and
means for locking said elements, said sector
gears and said annular member in adjusted posi-
tion with respect to each other.

2. In a controllable-piteh propeller having a

hub structure, a plurality of blades rotatably =

mounted in said hub structure for pitch changing
movements, a gear on the hubincluded end ofeach
blade, a separate gear sector meshing respective-
Iy with each blade gear, means supporting said
sectors for rotation about an axis at right angles
to the rotational axes of said blade gears for si-
multaneously changing the pitch of all of said
blades, said sectors being movable relative to
each other and said supporting means for chang-
ing the pitch of each individual blade, and means

for locking said sectors in adjusted position rela-

tive to each other and to saiq supporting means.

3. The arrangement as set forth in claim 2 in
which said locking means comprises an annular
member having external serrations, an internally
serrated flange on each gear sector, and a curved
member having serrations on both sides thereof
Inserted between said annular member and each
respective flange.

4. The arrangement as set forth in claim 2
in which said locking means comprises an an-
nular member having external serrations, an in-
ternally serrated flange on each gear sector, and
a curved member having serrations on both sides
thereof inserted between said annular member
and each respective flange said serrations being
50 spaced as to provide a vernier adjustment be-
tween said gear sectors and said annular member.

5. The arrangement as set forth in claim 2 in
which said locking means comprises an annular
member having external splines, an internally
serrated flange on each gear sector, and a curved
member having splines on both sides thereof in-
serted between said annular member and each
respective flange.

6. Blade adjusting means for a controllable-
pitch propeller comprising, rotatable mechanism
interconnecting all of said blades, said mecha~-
nism comprising, an annular member, a plurality
of arcuate sectional members concentric with
said annular member and connected one with
each of said blades, and a respective device be-
tween each said sectional member and said an-
nular member for locking each sectional mem-
ber in adjusted position on said annular member.

7. Blade adjusting means for a multi-bladed
controllable-pitch propeller comprising, arcuate
sectional members, one for each blade, operative-
ly connected with said blades, an annular mem-
ber concentric with said arcuate sectional mem-
bers, said sectional members being secured to
said annular member, and means for adjustably
securing at least one of said sectional members
to said annular member in the relative position
to another sectional member incident to the de-
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sired pitch relation between the one blade to
which said adjustable sectional member is con-
nected and another blade of saiq propeller,

8. In a controllable-pitch propeller having a
hub, g plurality of blades carried by said hub for
pitch changing movements, an element fixed to
each blade, and means interconnecting all of said
elements and movable during pitch changing
movement to maintain a simultaneous and coex-
tensive pitch changing movement of all of said
blades; said interconnecting means comprising
an annular supporting member, separate mem-
bers carried by said annular supporting member
and movable relative thereto and connected with
said blade carried elements, and means for rela-
tively adjusting and securing said separate mem-
bers with respect to said annular supporting
member, whereby means are provided for effect-
ing minor adjustments of the pitch angles of
the various blades relative to each. other.

9. In a controllable-pitch propeller having a
hub, a plurality of blades carried by said hub for
pitch changing movements, anti-friction means
associated with each blade for securing the re-
spective blades to the hub, an element fixed to
each hlade between the respective anti-friction
means and the hub axis, blade connecting means
movable in a plane parallel to the axes of rota-
tion of said blades interconnecting said blade
carried elements for simultaneous and coexten-
sive movement, and anti-friction means support-
Ing said blade connecting means in said hub;
means for effecting minor adjustments of the
piteh angles of said blades relative to each
other comprising, 2 supporting portion and
relatively movable portions carried by said
supporting portion and operatively associated
with respective blade carried elements and con-
stituting portions of said blade connecting means,
and means accessible from the end of said hub
when said hub, said blades and said blade inter-
connecting mechanism are operatively assembled
for releasing said movable elements from said
supporting element and securing said movable

’ elements to said supporting element in adjusted

position.

10. Individual blade pitch changing means for
a controllable pitch propeller having a plurality
of blades and an annular rotatable device for si-
multaneously changing the piteh of all of said
blades, said device comprising, an annular mem-
ber, a plurality of separate blade pitch changing
members around said annular member and con-
nected one with each of said blades, and a plu-~
rality of separate sectors interposed between
and connecting each said blade pitch changing
member and said annular member, said sectors
being individually adjustable circumferentially
of said annular member and said blade pitch
changing members for individually char}ging the
pitch of each blade.

11. In a propeller having a plurality of blades,
an annular rotatable device for simultaneously
changing the pitch of all of said blades, said de-
vice comprising, an annular member, a plurality
of separate pitch changing sectors around said
annular member and connected one with each
of said blades, and a locking sector member in-
terposed between and connecting one of said
pitch changing sectors and said annular mem-
ber, said locking sector being adjustable circum-
ferentially of said annular member for changing
the pitch of one of said blades.

JOHN E. ANDERSON.




