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1

The invention described herein may be manu-
factured and used by or for the Government of
the United States of America for governmental
burposes without the payment of any royalties
shereon or therefor.

The present invention relates to an improve-
ment in controllable pitch propellers, such as used
on ships, having blades which can be angularly
adjusted from a remote point while the ship is
waterborne. The blades are mounted on the
bropeller shaft hub and are simultaneously ro-
tated about their own axis, for changing the pitch
thereof, by a servomotor mounted inside the hub
which is responsive to g hydraulic power source
located inside the ship. The prior art discloses
controllable pitech propellers of this general de-
sign but they are subject to many inherent
deficiencies such as uneven and excessive wear
on blade bearing surfaces, leaky hubs, improper

hub lubrication, lzck of positive means for movy-

ing the blades to a forward pitch position in the
event of a casualty to the blade moving means,
ete. It is these deficiencies that have been cor-
rected or eliminated hy the present invention, cul-
minating several years of research and testing
of experimental models installed in operating
ships.

It is therefore an cobject of the invention to
brovide an improved controllable pitch propeller
suitable for use on marine vessels,

A further object of the invention is the pro-
vision of a unigue piston-cylinder servomotor
for actuating the propeller blades.

Another cbject is the provision of a mechanism
for changing the pitch of the blades which com-
prises a pair of crank arms connecting the servo-
motor with the blades for accommodating large
loads at high shaft speeds while still maintain-
ing a uniform bearing load on the structure.

Other objects and many of the attendant ad-
vantages of this invention will be readily ap-
preciated as the same becomes better understood
by reference tc the following detailed descrip-
tion, when considered in connection with the ac-
companying drawings, in which like reference
numerals designate like parts throughout the
figures thereof and wherein:

Figure 1 is a diagrammadtic showing of the con-
trollable pitch propeller and control unit therefor
as applied to a ship.

Figure 2 is a sectional view in elevation lon-
gitudinally of the propeller hub and differential
servomotor located within the ship.

Figure 3 is a view in elevation, partly shown in
section, and taken on lines 3—3 of Figure 2.
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Figure 4 is a sectional view in elevation taken
on lines 4—4 of Figure 2. .

Figure 5 is a detailed sectional view in ele_:va-
tion of the transfer unit used for supplying oil to
the hub. .

Figure 6 is a sectional view in elevation taken
on line 6—8§ of Figure 2. ]

Figure 7 is a detailed sectional view in eleva-
tion showing the servomotor arrangement located
in the propeller hub. .

Figure 8 is a detailed sectional view in eleva-
tion taken on lines 8—8 of Figure 2.

Figure 9 is a detailed sectional view in eleva-
tion taken on lines 9—9 of Figure 2.

Figure 10 is a detailed plan view showing how
the connecting rods are connected to each crank
pin ring with a section of the hub broken away
to show this structure.

Figure 11 is a blown-up view of the parts com-
prising a servomotor located in the hub. _

Referring now to the drawings, wherein like
reference characters designate like or correspond-
ing parts throughout the several views, there is
shown in Figure 1, a propeller hub indicated at
A, an oil transfer unit for providing the hub
cavities with oil at B, a coupling connecting two
sections of the propeller shaft at C and a differ-
ential servomotor at D. Positioned between cou-
pling C and differential servomotor D is a bull
gear which is appropriately shafted to the main
propulsion equipment in the engineering spaces
of the ship. The location of elements A, B, C
and D relative to the ship’s structure is as fol-
lows: Differential servomotor D is connected to
the cover of a Kingsbury thrust bearing at the
forward end of the bull gear as will be more fully
explained hereinafter. Hollow propeller shaft
t0 is shafted to the after end of the bull gear and
extends aft inside the ship where coupling C
connects two sections comprising the propeller
shaft together. Aft of this coupling, the propel-
ler shait 10 extends through the ship’§ hull to
hub A containing the propeller blades. ~

Referring now to hub A, shown in Figure 2, it
will be seen that the shaft {0 flares outwardly at
{2 and is provided with screw threads 14 for re-
ceiving hub casting 16, and threadably secured to
said casting 16 is a spacer ring 18 which prop-
erly positions and connects dunce cap 29 to the
hub body. These members are snugly fitted to
one another by means of packing so as to form
a watertight fit, thus preventing the entry of
water into or the escape of oil from the hub,
since the latter is adapted to be filled with oil
at a pressure scmewhat higher than the out-
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side water pressure at all times. In some cases
where the paris cannot form such a wabertight
fit, civeular rubber seals are provided as shown
at 22, for example, and held in place by the co-
action of fiange {2 on propeller shaft 16 and
hub casting {6. In order to preveni casting 1§
from becoming disengaged from propeller shaft
10, key 28 is fitted in mating slots respectively
positioned in casting 18 and flange 12 and se-
curely held therein by means of cap screw {5,

The blade hoiding hub casting {8 has four cir-
cular openings equidistantly spaced and extend-
ing around its periphery, the diameter of each
being sufficiently large to accommodate a propel-
ier blade and its associated parts for securing the
nlades to the hub casting i8. The structural
members for forming said circular openings are
indicated at 18, Figures 1, 6 and 7 and provide
the easting with the siréngth for supporting the
biades. The propeller blades are respectively in-
dicated at 28, 38, 32 and 34, Figures 2 and 9, and
sinee each part employed for holding the blades
to the casting are exactly the same, description
of only one of such blades and its associated
parts will be given, with the same reference char-
acters being used to denote like barts through-
oub the corresponding views.

Dositiones desp in casting i§ is & bearing mem-
ber 86 adapted to fit inte a circular opening in
said casting. This bearing member 36 has &
flance 37 extending outwardly and at the ‘top of
the bearing for properly positioning said bear-
ing in the casting opening. Rotatably mounted
within said bearing is a crank pin ring 3% formed
in the shape of a cup having a neck 49 extend-
ing downwardly from the bottom of the cup and
is adapted to fif in bearing §86, this erank pin ring
serving the funefion of securing the blade to the
propeller hub. The neck 48 is hollow and has a
serew threaded opening 42 at its upper end for
receiving a crank pin ring puller when it is nec-
essary to remove the crank pin ring from the
hearing and casting for repairs. The ouber upper
peripheral portion of crank pin ring 3§ is cut
away forming a vertical wall 48 and horizontal
seat 4% for receiving bearing or bushing members
4%, Bearings 43 are soft soldered to ring % and
are adapted to take the thrust exerted by blade
98 and are held in rigid position hetween ecisting
13 and crank pin ring 38 by means of ring §3
which ig screw threaded to casting {6.

Tt is to bs understood that there ‘are sixteen

earing surfaces for the four propeller blades, or
four for each biade. They are the inner cylin-
arical bearing appearing at the point of contact
of the onter peripheral portion of crank pin ring
neck 48 with the inner surface of bearing mem-
ber §8: the outer cylindrical bearing appearing
at the point of contact of ring 38 with the inner
portions of hearing members or bushings 48; the
inner thrust bearing appearing at the point of
contact of horizontal seat 48 with the bottom por-
tion of lower bushing 28; and the cuter thrust
hearing appearing at the point of contact of bear-

" ing member 87 with top portion of upper bushing
3% The purnose of this propeller blade bearing
“arrangement is to give the best possible distribu-
tion of the extremely large bearing forces in the
space available in the relatively small hub cast-
During the blade turning moment or re-
versing period of the propeller, the following large
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forces are acting on the bearings; the inner and

outer cylindrical bearings are subjected to radial
1oad caused by the following:
(@) Propelier thrust and torgque.
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(1) The radial load caused by the centrifugal
counle due to the centrifugal force of the pro-
peller blade itself when rotating.

(¢) The forces from the conneeting rods turn-
ing the crank arms consisting of the reaction
forces, large frictional forces and dynamiz
forees.

The inner thrust bearing takes the thrust
caused by the centrifugal force of the propeller
blade assembly. It also takes the force caused
by the tipping action of the propeller biade thrust
and torque.

The outer thrust bearing takes the reaction
force caused by tipping action of the propelier
blade thrust and torque. The inner portion of
the cup shaped crank pin ring 38 is provided with
female threads 52 which are of the type normally
found in the breech mechanism of guns having
a bore greater than, say, 3 inches, i. e, the threads
are of the interrupted type in which the inner
portion is threaded, and then every other 45°
sector of threads is milled out leaving an inner
cylindrical portion that alternately contains a
sector of threads at 45° intervals, the remaining
inner portion between each sector of threads be-
ing of a smooth surface and of the same curva-
ture of said threads. The blade 28 has a reduced
neck portion 54, having on its outer peripheral
portion a like seb of interrupted male threads 586,
such as those explained above, which are adapted
to mate with the threads on the crank pin ring.
In operation, the male threads 55 of the blade
neck are aligned with the smooth cut away sec-
tion between the sectors of threads on the crank
pin ring, the blade neck is dropped into the crank
pin ring and when it bottoms, the blade is turned
45°, thus interlocking the threads and securing
the blade in a fixed position. The blade and
crank pin ring respectively have a slot 58 which
slign with one another when the blade is in a
fixed or secure position and said slots are adapted
to take a key 60, Figures 1 and 8, which posi-
tively locks the blade and blade adapter in posi=
tion. Cap 62 is screwed into the slotted blade
portion so as to prevent the key from dropping
out when the hub is rotated. The blade neck is
hollowed out and contains a threaded opening
84 for receiving 2 blade carrying tool when the
blade is removed from the hub and transported
from one location to another. In order to pre-
vent leakage of water into or loss of oil from the
hub, circular rubber seal 88 is provided hetween
metal ring 50 and blade 28.

As mentioned above, +the hub A, with the -at-
tached blades 28, 38, 32 and 34 is rotated by the
main propulsion equipment located inside the
ship, and in order to eliminate stopping and then
physically reversing the direction of rotation of
the propeller shaft to secure reverse movemeant
of the ship, the angle of pitch of the propeller
blades is changed, while the hub and propeller
shaft blades are rotating in the same direction,
from an ahead to astern pitch, or vice versa, to
effect reversal in the direction of movement of
the ship. Each blade is turned or rotated in its
bearings by means of two crank arms which are
respectively connected to guides positioned on op-
posite sides of the center line of the blades, which
in turn receive their power from two pistons, one
serving each of the guides.

Referring more specifically to the drawings, it
will be seen in -Figures 2, 9 and 10 that crank pin
ring 38 is recessed on ‘opposite sides thereof to
provide for free movement of crank arms 89 and
82 which are respectively secured to the crank
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bin ring by means of pins 84 and 86. The crank
arm 80 is connected at its other end to arm 92
of guide 88 by means of crank clevis 8{ and clevis
bolt 86. As more clearly shown in Figure 11,
guide 88 comprises four guide arms, 92, 94, 96

and 98, each of said guide arms being respec- .

tively apertured to receive the securing means
for each crank clevis, that is, guide 88 has four
arms which exfend outwardly from its center
and to each of these guide arms is secured s
crank clevis and the other end of each crank
clevis is secured to a crank arm which extends
to and is connected to its own crank pin ring,
One such arrangement of guide arm, crank arm
and crank pin ring is shown in Figure 2 and re-
spectively designated by reference characters 82,
82 and 38. Formed integrally with guide 82 and
extending on each side thereof is a hollow shaft
100, which extends forwardly to emergency piston
102 and aft to servo piston 164,

Referring to Pigures 2, 3, 4, and 5 the forward
end of guide shaft 100 extends into and termi-
nates in the after section of propeller shaft 0,
Positioned around guide shaft 186 and also ex-
tending into the after end of propeller shaft (6
is o cylindrical tube {62 having spacing members
134 for positioning the tube within the hollow
propeller shaft. The tube is secured to the after
end of the propeller shaft 18 by means of ma-
chine bolts {86 which are inserted through aper-
ture arms {07 integrally secured to the after end
of tube 182. Spacing members (04 with drill
openings {08 therein provide a passageway for
oil introduced through oil-carrying tube 140 for
bassage to the interior of hub A.

The hub A is adapted to be filled with oil and
maintained at a pressure of approximately 15
P. s. i. and this oil is supplied to the hub through
tube {10 which in turn is connected to a remote
source of oil supply. In order to prevent the flow
of oil from the return passageway designated R
to the passageway for supplying oil to the hub,
shaft 100 is provided with O-type seal rings as
shown at 112 and positioned within the forward
end of shaft 100.

The oil passage i@{, defined by the space exist-
ing between propeller shaft 10 and tube 182, is
closed at its forward end by a built up fAangs
183 having packing means 185 positioned in the
outside periphery of the flange. The siructure
for providing an oil flow connection between tube
{18 and passageway (8! comprises a ring | &1,
cast in two parts, or singly as shown in Figure 5,
which is adapted to receive a hollow locking pin
{88 extending through the ring and into shaft
{8. Two circular rubber sealing bands (1! are
positioned on each side of ring 197 and are held
in place by circular bands §i3. A housing {15
having an opening for receiving tube adapter {17,
is provided with a hollow cavity {19 for receiving
oil from tube {19 prior to delivery through hol-
low locking pin {89 to passageway 18f. The
housing is secured to a bulkhead by kolts 121,
and plates {23 secured to the housing by bolts
§25, hold the aforementioned rubber bands in
position. It ig to be noted that the rubber bands
Hif, ring {67 and hollow locking pin 188 rotate
with the shaft 18 while housing 115 and prlates
{23 are stationary since they are secured to g
bulkhead or similar supporting means in the
ship.

Referring specifically to Figures 2, 6, 7, and
11, guide shaft 10§ moves rearwardly with guide
88, passes through a circular oil sealing member
114 and terminates in a piston 116. The piston

10

T

20

25

30

35

60

70

({3

6

is secured to the shaft {00 by means of 5 nut {7
and imparts a moving force to shaft 180 as a
result of oil pressure acting thereon, said shaft
being connected to the erank pin ring for each
blade through a pair of crank arms and crank
clevises, such as indicated at 80 and 8l, and
through guide arms connected to shaft 180. Thus
far only one-half of the means used for rotating
the blades has been defined, that is, the piston,
shaft, guide arms, crank arms and crank pin
rings. The other half of the means used for
essisting the first guide arm for rotating the
blades comprises substantially identical parts
which are located on the opposite or rearward
side of the center line of the blades. This struc-
ture comprises a hollow eylindrical housing {18
having four arms respectively designated as 128,
£22, 124, and 126 extending outwardly therefrom;
each of these arms having strengthening nem-
bers on each side thereof designated at §28.

The hollow housing {18 is secured to hub cast-
ing 18 by means of bolts {38, a verspective view
thereof being shown in Fgure 11. Siidably
mounted within housing 148 ig a hollow cylinder
i22 closed at its after end by means of a plug
134 and provided at its forward end with g cen-
trally apertured wall i36. Extending cutwardly
from wall 13§ are four guide arms spaced 9¢°
apart and indicated at 138, 149, 142 and 144
which are appropriately bored to receive the
after end of crank arms and crank clevises, such
as {42 and i44 which are appropriately hored
to receive the after end of crank arms and crank
clevises, such as indicated at 146. 'The forward
ends of such crank arms are connected to tha
crank pin rings in the same manner as the crank
arms for guide 88, except that crank arms 43
are connected to the crank pin rings at 180°
from the former. It is therefore seen thai when
cylinder {32 moves horizontally it imparts a ro-
tating movement to the bladeg through the fol-
lowing structures: wall 128, arms 1328, 140, 42
and i44, crank clevises and crank arms {48, crank
pin rings and the blades.

In order to prevent relative rotary movemens
of the cylinder {32 in housing | 18, a key and slot
arrangement is built into these parts to make
such movement impossible. Each of these two
units, that is, the housing and the cylinder, are
slotted at {48 and adapted to successfully fit
within the opening formed by these two slots and
two keys 153, each being displaced 180° apart.

‘The area formed by the forward end of piston
116 and the after inside end of wall 136 is adapted
to be filled with oil at the system pressure and
in order to prevent the escape of oil from this
area, oil sealing member [i§ is effectively used
to preclude this from happening. The oil seal-
ing member is of a customary high pressure ype
and comprises a hollow cylindrical packing ring
152 having outwardly flanged ends (54 which
is adapted to Gt between shaft i§8 and wall 35
as clearly shown in Figure 7. Rubber packing
glands {6§~{88 are positioned on either side of
hollow portion 182 and respectively vressed into
engagement with wall {36 and shaft (89 by means
of plate 189 which is secured to wall {2% by
means of bolts §62.

Shaft 100 is centrally bored and receives a
control rod 164 which extends from the servo-
motor in the hub forwardly to differential
servomotor mechanism B located inside the ship.
The after end of control rod {64, as shown in
detail in Figure 7, is equipped with two sets of
valve lands 166 and 168 which extend around
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the periphery of rod 164 and engage ports 110
and §12. Positioned between the valve lands in
the control rod are openings {76 and 118. As
shown in the center of Figure 6, there are a plu-
rality of bored passageways in shaft 180 which
are located in the solid portion defined by the
outer and inner diameter of shaft 160. These
bored passageways serve both as supply and re-
turn lines for oil delivered to such bored passage-
ways from the interior of the control rod 154,
Tn addition to the ports 170 and 172 which lead
from the interior of shaft {00 to such bored pas-
sageways, S—R are also openings which connect
every alternate passageway with the area de-
fined by the forward end of piston (16 and the
wall 138 of exterior cylinder (32. This area is
indicated at X. The other of the alternate bored
passageways connects with the area defined by
the after end of piston {16 and the cap 134 which
closes cylinder 132 and this area is designated
as Y.

In operation, high pressure oil is delivered
through conftrol rod {84 to ports {16 and 118
therein to the space between valve lands (6%
and i88. When a change in the pitch of the
blades is cesired to an ahead pitch, the control
rod 164 is moved by means of differential servo-
motor B located in the ship. The control rod,
to achieve an ahead pitch on the blades, is moved
27t and valve lands 166 and {88 uncover ports
178 and 172 respectively. This allows oil to flow
from the control rod through openings {716 and
178 through ports {78 to openings §89 and into
area X. Since the oil is under pressure of ap-
proximately 1500 p. s. i, this pressure will exert
a force against piston 1{8 moving it rearwardly
or to the left, as shown in Figure 7, while this
same pressure will likewise exert a force against
the rearward or inner wall 136 of exterior cylin-
der {32 thus pushing this cylinder to the right
or in a forward direction. As described above,
piston i48 is connected to the blades through
shaft $98, guide 88, guide arms 92, 84, 38 and 98
and the erank arms and crank clevises 148, which

are connected at one end to said arms and at *

the other end to the crank pin rings for each
blade. Cylinder {32 is connected te the opposite
sides of said blades through guide arms 120, 122,
192 and 126 and crank arms and crank clevises
which are connected at one end to said arms and
at the other ends to the crank pin ring for each
blade. It is therefore apparent that the move-
ments of the piston {i§ and cylinder {32 exert
o turning moment on each of the blades to rotate
them to ahead pitch position. The oil which is
displaced by the movement of piston {{§6 and
end cap i34 of exterior cylinder 132 (area )
towards each other flows through alternate bored
passageways and ports 168 into the return pas-
sageway R, thus connecting area Y with the re-
turn lines in the system.

Assuming now, that it is desired to change the
pitch of the blades to a reverse position, the
control rod 184 would then be moved in a forward
direction by differential servomotor B. This
movement uncovers ports (12 in the bored pas-
sageways and oil then flows through the control
rod 162 through openings 1716 and (78, ports 172
to the arvea indicated by Y. The force exerted
by the oil pressure in area Y maves piston 116
to the right or forwardly and cylinder 132 to the
1eft or rearwardly and this action is then trans-
mitted to the blades through the crank arms and
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crank clevises as above described. The oil thus ,

displaced by the movement of piston 116 to the -

Fight flows through openings 188 to return pas-
sageway ‘R connecting ‘with the source of hy-
draulic ‘supply. Either of the above described
processes -for changing the piteh of the blades
may be followed in the event that a change in
pitch is desired. The coaction of the various
parts may be more clearly seen and undersiocod
by referring to the blow-up perspective view of
these parts shown in Figure 11.

The differential servomotor for making possible
the movement.of control.rod 184 is broadly shown
in Figure 2, the specific details of which are shown
and described in the ‘co-pending application of
John H. Strandell et al., Serial No. 300,564, filed

5 July 23, 1952.

This structure generally comprises the control
rod 64 which extends forwardly through pro-
peller ~shaft 10, thrust bearing plate 132 and
terminates in a differential piston i84. Secured
to the forward end of thrust bearing cover 182
is @ ‘first housing 188, and secured to said first
housing is a second housing 188, the latter being
centrally bored to contain control rod exiension
198. The first housing 185 is so shaped in design
that it forms a hollow ‘opening (92 with the for-
ward end of thrust bearing cover 182. Located
in the top of said first housing is an outlet open-
ing 198, Refturn passageway R extends the full
length 6f the propeller shaft from the hub to
the differential servomotor mechanism B and is
formed by the space- défined by the exterior sur-
face of the control rod and the inner surface of
propeller shaft 10. This refurn passageway R

conducts cil through cover 182 into chamber 182

and out through opening 494 to a sump and pump
(not shown). The second housing {88 is so
shaped and designed that it forms with said
fArst housing a high pressure chamber 183, said
high pressure chamber receiving its oil pressure
supply through conduit {§8 which in turn is con-
nected to the discharge side of the pump. The
area within the hollow portion of said second
housing and surrounding control rod extension
{50, as indicated at 268, is adapted to be filled
with oil at the same pressure as that existing in
chamber 196, namely, 1500 p. s. 1.

The movement of the control rod takes place
as follows: a pilot valve (not shown) controls
the volume and pressure of oil in chamber 248,
that is, if a change in direction of movement of
control rod to the right is desired, the pilot valve
relieves chamber 260 of the pressure therein and
the pressure (1500 p. s. i) existing in chamber
195 acts against the left or rearward side of
piston 184 to move the control rod {64, which is
connected thereto, to the right. When it has
moved the desired amount the pilot valve pre-
vents further flow of oil from chamber 2068 and
the piston 184 and attached control rod there-
fore stops moving as a result of the equalization
of pressures in chambers 196 and 260 acting on
opposite sides of piston 184. Likewise whenever
an opposite direction of movement of the control
vod 184 is desired, the pilot valve opens and
allows pressure at 1500 p. s. i. to enter chamber
280 to move piston {88 to the left or rearwardly
and after it moves a desired amount the pilot
valve is then closed and & balance of pressures
on both sides of piston 184 is once again achieved
and the control rod stops moving. It should be
noted that piston 184 in the latter described in-
stance moves even though the pressure on hoth
sides of the piston is equal, that is, 1500 p. s. 'L
This movement is due to the fact that the area
on ‘the right side of the piston which is exposed
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to such oil pressure is slightly greater than that

present on the left side of said piston.

It should be understood that the foregoing dis-
closure relates to only a preferred embodiment
of the invention and that numerous modifica-
tions or alterations may be made therein without
departing from the spirit and the scope of the
invention as set forth in the appended claims.

‘What is claimed is:

1. In combination, a controllable pitch pro-
peller having blades and a hub, mieans for chang-
ing the pitch of said blades, said means compris-
ing a hub casting having a plurality of openings
around its periphery and a longitudinal bore
therein, means for securing said blades to said
hub casting, a hollow cylindrical housing at-
tached to said hub, a piston in said housing, a
first guide having a plurality of arms extending
radially therefrom, a hollow guide shaft, means
connecting said shaft ai one end to said piston
and at its other end to said first guide, & movable
cylinder, means positioning said movable cylinder
between said piston and said housing, a second
guide integrally formed on said cylinder, a plu-
rality of arms extending radially from said sec-
ond guide, means connected at one end to said
guides and at the other end to said blades where-
by movement of said guides changes the pitch of
said blades.

2. In combination, a controllable pitch pro-
peller having blades and a hub, means for chang-
ing the pitch of said blades, said means com-
prising a hub casting having a plurality of ocpen-
ings and a longitudinal bore therein, a plurality
of crank pin rings secured in said openings,
means securing said blades to said crank pin
rings, a cylindrical housing having an opening
therein adapied to be aligned with said longi-
tudinal bore, means securing said housing to said
hub casting, a movable cylinder in said housing
terminating at one end in a first guide, means
closing said cylinder at its other end, a plurality
of arms radially extending from said first guide,
means connected at one end to said first guide
arms and at the other end to one side of said
crank pin rings, a piston in said cylinder, a see-
ond guide, a hollow shaft positioned in said lon-
gitudinal bore and connected at one end to said
piston and at its other end to said second guide,
a plurality of arms on said second guide, means
connected at cne end to said second guide arms
and at its other end to the other side of said
crank pin rings, a plurality of bored passage-
ways in the piston end of said hollow shafi, a
control rod, means positioning said contro! rod
in said hollow shaft, a plurality of valve lands
on the after end of said control rod, a plurality
of openings connecting the hollow portion of said
shaft with sald bored passageways and with the
areas formed in said cylinder by the forward and
after sides of said piston and said cylinder walls.

3. The combination according to claim 2
wherein the valve lands of said control rod are
adapted to align with the openings in the after
end of said shaft leading to said bored passage-
ways, & source of fluid supply, means selectively
supplying fluild from said source through said
control rod and bored passageways to either side
of said piston, means attached to said control
rod for controlling longitudinal movement there-
of, whereby oil is caused to flow through said
control rod to either side of said piston according
to the direction of movement of said control red.

4. The combination according to claim 2 where-
in means are provided for preventing rotation of
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said eylinder in said housing, said means compris-
ing a slot in the outer side of said cylinder, a like
mating slot in the inner wall of said housing
adapted to align with the slot in said cylinder, a
key for said slots whereby relative rotational
movement between said eylinder and said housing
is precluded. -

5, The combination according to elaim 2 where-
in means are provided for supplying a fluid pres-
sure to the hub cavities, said means comprising a
hollow propeller shaft connected to the forward
end of said hub, & bored opening in said hollow
shaft, a bushing in said opening, a circular ring
extending around said shaft and holding said
bushing in said opening, a pair of cireular rubber
seals respectively positioned on each side of said
ring, means for securing said seals to said shaft
and means enclosing and holding said bushing
to said shaft whereby g fluid is adapted to be sup-
plied through said bushing through said hollow
shaft to said hub.

6. In combination, a controllable piteh propeller
having blades and a hub, means for changing the
pitch of said blades, said means comprising a
hub casting having a plurality of openings around
its petriphery and having a longitudinal bore
therein, means securing said blades to said hub
casting, a first guide having a plurality of arms
bositioned adjacent to the after side of said hub
casting, a closed cylinder, means connecting the
walls of said cylinder to the first guide, 3 piston
in said cylinder, a second guide, a hollow shaft
connected at one end to said piston and extending
forwardly in said longitudinal bore and connected
at its other end to said second guide, means posi-
tioning said cylinder and enclosed piston in spaced
relation to said casting, means connected at one
end to said guides and at the other ends to said
blades, fluid pressure means connected with said
cylinder and piston for moving said piston and
said cylinder relatively to one another whereby
such movement is transmitted through said guide
arms to said blades for changing the pitch thereof.

7. In combination, a controllable pitch propeller
having blades and a hub, means for changing the
pitch of said blades, said means comprising a hub
casting having a plurality of openings around its
periphery and a longitudinal bore therein, a crank
pin ring secured in each of said openings, a pro-
peller blade secured in each of said crank pin
rings, a hollow cylindrical housing secured to
the after side of said hub casting and adapted to
be aligned with said longitudinal bore, a cylinder
having a plurality of arms, a cap closing the after
end of said cylinder, a wall having an aperture
forming the forward side of said cylinder, means
securing said cylinder to said housing for pre~
venting relative rotational movement therebe-
tween, a piston in said cylinder thereby forming
a first chamber and a second chamber on opposite
sides of said piston in said eylinder, 5 guide hav-
ing a plurality of arms extending radially there-
from, a hollow shaft positioned in said longitudi-
nal bore having its after end extending through
said cylinder aperture and its forward end secured
to and extending through said guide, means con-
necting said after end of said hollow shaft to the
forward end of said piston, first connecting means
secured at one end to said eylinder arms and
at its other end to one side of said crank pin rings,
second connecting means secured at one end to
said guide arms and at its other end to the other
side of said crank pin rings, a control unit, a
gource of fluid supply for said control unit, means
connecting said source of fluid supply with said
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first and second chambers in said cylinders, con-
trol means for controlling said fluid to said cham-
pers whereby finid pressure acting in said cham-
bers moves said cylinder and piston relatively to
one another for changing the pitch of said blades.

8. The combination according to claim 7 where-
in said connecting means comprises a plurality
of crank arms, clevis means on each end of said
erank arms, and means respectively securing said
crank arms at one end to said cylinder arms and
guide arms and at their other ends to said crank
pin rings.

9. The combination according to claim 7 where-
in said fluid pressure means comprises a hollow
propeller shaft secured to the forward end of
said hub, a fluid pressure control unit, means
connecting said control unit with said propeller
shaft, & hollow control rod having valve lands on
the after end thereof, means positioning said con-
trol rod in said hollow shaft and said propeller
shaft and terminating in said control unit, a first
set, of bored passageways, a second set of bored
passageways, sald bored passageways extending
longitudinally in said hollow shaft and positioned
between said inner and oufer walls of said hollow
shaft, a first set of openings connecting said hol-
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jow shaft through a first seb of passageways with
said first chamber, a second set of openings con-
necting said hollow shaft through a second setb

" of passageways with said second chamber where-
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by said openings alternately serve to supply and
return fluid from said chambers to said hollow
shaft, means positioning said valve lands on said
control rod a space egual to the distance between
said first and said second sets of openings where-
by movement of said control rod selectively allows
fluid to flow through either set of said openings
to its respective chamber for moving said piston
and chamber and thereby changing the piteh of
said blades.
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