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(571 ABSTRACT

Hydraulically activated controllable pitch propeller
mechanism adapted to be secured to a tailshaft of a
vessel without material modification of the shaft. Can
be used to convert existing installations to controllable
pitch, and in new installations. Propeller hub has at-
tachment flange and rotary seal, internal hollow shaft
has a piston and a crosshead, axial motion of the shaft
effecting alteration of pitch of propeller blades.
Hydraulic fluid introduced into the hollow shaft
through the seal moves a pilot spool within the shaft
movement being responsive to difference in pressure
upon opposite ends of the spool. Pilot spool acts as a
valve, motion admitting hydraulic fluid to move the
piston so altering the pitch. Full hydraulic pressure
within the hub only during pitch alteration. The rotary
seal eliminates hollow tailshaft used on many prior art
constructions.

5 Claims, 14 Drawing Figures
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1
CONTROLLABLE PITCH PROPELLER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a controllable pitch
propeller mechanism adapted to be secured to a
tailshaft of a vessel without material modification of the
tailshaft.

By controllable pitch propeller herein is meant, a
propeller, blades of which are rotatable about a lon-
gitudinal blade axis so as to alter pitch. The invention
relates to a mechanism to effect such rotation changing
the pitch, the blades themselves are according to prior
art blades of this kind.

2. Prior Art

Advantages of controllable pitch propellers in cer-
tain vessels and services are well known, and are not
further discussed herein.

Commonly propellers of this kind require a hollow
tailshaft for supply of hydraulic fluid at a high pressure
for activating pitch change mechanism. Moreover, this
high pressure — say 1,000 psi — is required to be main-
tained whether or not pitch is being changed. To install
a propeller of this type in an existing vessel thus
requires, either installation of a hollow drive shaft, or
boring out an existing shaft — both of which
procedures are expensive and, furthermore, only highly
specialized plants have boring mills capable of accom-
plishing work of this nature.

The present invention provides controllable pitch
propeller mechanism including a hub capable of as-
sembly to existing tailshafts without material alteration
of the latter, thus the invention eliminates the costly
holiow shaft both in new installations and in installa-
tions to existing vessels since a hollow drive shaft is not
used. Further, the invention requires the high pressure
aforesaid only while effecting change of pitch.

Typical installations contemplated are for tow and
trawler vessels of 150 to 1,500 HP, wherein material
cost saving is effected relative to cost of existing prior
art controllable pitch propellers known to the present
inventor.

Additionally, the mechanism is simple rugged and
relatively easy to fabricate.

SUMMARY OF THE INVENTION

The pitch mechanism itself is built within a hub hav-
ing a flange, and a portion of the flange is fitted in a ro-
tary seal assembly secured to the vessel, the flange hav-
ing a tapered internal bore to fit a corresponding taper
on the tailshaft of the vessel.

The hub has an internal hollow shaft to which is
secured a piston, and a crosshead having a groove en-
gaging a boss of a root of the propeller blade. The
groove is at an angle so that the motion of translation of
the crosshead, the boss being engaged in the groove,
rotates the blade root changing pitch of the propeller.

In all embodiments exemplified, a means slidable
within the hollow shaft, namely a spool, is held sta-
tionary by balanced forces applied to its opposite ends.
In a balanced position, hydraulic fluid fills cylinder
spaces on each side of the piston, so effectively locking
it and accordingly the crosshead, so that the propeller
is held at constant pitch. Means are provided to vary
the force applied to one end of the spool causing it to
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2

move axially, which axial motion opens a passage per-
mitting hydraulic fluid under pressure to be applied to
one side of the piston so that the piston, the hollow
shaft, and the crosshead, are urged to move axially so
altering pitch of the propeller.

The shaft follows the spool so that the spool regains a
balanced position cutting off fluid flow to and from the
cylinder spaces and effectively locking the blade at a
fixed pitch.

In one embodiment the spool has a metering bore,
change of rate of flow of fluid through the metering
bore upsets the balance causing the spool to move axi-
ally. In this embodiment there is separate supply of
hydraulic fluid under actuation pressure for admission
to a cylinder space to move the piston as has been ex-
plained. In this embodiment rate of flow through the
metering bore is constant for a constant pitch, change
of pitch being effected as explained by a change of flow
rate through the metering bore.

In a further embodiment, equal forces are applied to
opposite ends of the spool by opposed compression
spring means which, in a balanced position, exert equal
forces on opposite ends of the spool so that it remains
statjonary with respect to the bore. Axial motion aft is
effected by hydraulic fluid under pressure acting upon
one end of the spool, the motion being resisted by one
of the compression springs and continuing for a par-
ticular distance until balance is again effected. Forward
motion is correspondingly effected by directing the
fluid to act upon the opposite end of the spool.

In the further embodiment fluid under pressure ad-
mitted to the hollow shaft is selectively directed to one
of the opposite ends of the spool, so providing an un-
balanced force moving the spool axially as explained.
This motion as before admits fluid under pressure to a
cylinder space moving the piston and altering pitch.
However, in this embodiment the fluid causing the un-
balance also moves the piston.

A third embodiment differs from the further embodi-
ment in arrangement of passages for the hydraulic
fluid.

One embodiment of a rotary seal assembly
cooperates with the tailshaft in a position aft of an aft
bearing. Ports in the rotary seal assembly cooperate
with grooves in the tailshaft, the grooves communicat-
ing with passages in the propeller hub. Seals provided
between the annular grooves reduce leakage of fluid
from the grooves, thus permitting fluid to enter and
leave the hub as the shaft rotates. Fluid leaking from
the grooves is passed to the aft bearing, providing bear-
ing lubrication, after which the fluid is scavenged to a
fluid supply tank.

An alternative embodiment of a rotary seal assembly
is mounted forward of the aft bearing, which bearing in
the alternative embodiment is water lubricated. A com-
mon stuffing box is mounted between the aft bearing
and the rotary seal resulting in a substantially dry
tailshaft. The alternative rotary seal is a floating as-
sembly, adjusting means cooperating with radial slots
permitting movement of the seal relative to the
tailshaft, thus accommodating small eccentricities of
the tailshaft and controlling fluid leakage.

A detail description following related to drawings
gives exemplification of embodiments of the invention
which, however, is capable of expression in structure
other than that particularly described and illustrated.
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3
DESCRIPTION OF THE DRAWINGS

FIG. 1 is a fragmented, partly sectioned and partly
exploded perspective view of a propeller hub according
to the invention,

FIG. 1-A is a simplified diagram of a pitch changing
mechanism viewed inwards along an axis of rotation of
a propeller blade,

FIG. 2 is a fragmented simplified section on an aft
end of the propeller hub in a plane containing axes of
rotation of the hub and a propeller blade,

FIG. 3 is a simplified fragmented section continued
forward of the section as shown in FIG. 2,

FIG. 4 is a simplified fragmented section on an aft
end of an alternative embodiment of a propeller hub,
the section being in a plane containing the axes of rota-
tion of the propeller blade and the hub,

FIG. § is a simplified fragmented section continued
forward of the section as seen in FIG. 4,

FIG. 6 is a fragmented section on a centerline of a
forward portion of a tailshaft showing a floating rotary
seal assembly,

FIG. 7 is a fragmented section on a centerline of a
tailshaft continued aft of the portion as shown in FIG.
6,

FIG. 8 is a simplified fragmented section on an aft
end of a further aiternative hub embodiment the sec-
tion being an a plane containing axes of rotation of a
propeller blade and the hub,

FIG. 9 is a simplified fragmented section continued
forward of the section as seen in FIG. 8,

FIG. 10 is a fragmented simplified diagram of a por-
tion of a stern of a vessel showing hydraulic com-
ponents associated with the propeller,

FIG. 11 is a section of an alternative floating rotary
seal assembly to be used in combination with a stuffing
box, the section being in a plane containing the axis of
rotation of the tailshaft,

FIG. 12 is a fragmented section of a portion of the
tailshaft and rotary seal assembly as seen from 12—12
of FIG. 11,

FIG. 13 is a fragmented detail view of a portion of a
piston ring type seal, as seen from 13—13 of FIG. 12,
portions of the tailshaft and seal assembly being
omitted.

DETAILED DESCRIPTION

FIGS. 1, 1-A

In FIG. 1, a controllable pitch propeller mechanism
according to the invention includes a generally hollow
hub 10 having an aft portion 11 secured by bolt means
to a hollowed mid-portion 12 having an inner wall 12.1.
A propeller flange 13 is secured to a forward end of the
hub and a forward portion of the flange fits within a ro-
tary seal assembly 14 secured to a vessel, shown in FIG.
10 only. The flange 13 has a tapered bore complemen-
tary to a taper 15 on an aft end of a tailshaft 16, the
taper being adjacent an aft bearing 17 of a stern tube
17.1 of the vessel, the stern tube being shown in broken
outline and being secured to the assembly 14.

An opening 18 in the mid-portion 12 is adapted to
receive a root 19 of a propeller blade fragment 20. A
similar opening 21 is shown for a second propelier
blade (not shown) and, for a three-bladed propeller, a
third propeller blade (not shown) is provided, the
blades being spaced 120°. The propeller hub has an axis
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of rotation 24 coaxial with the bearing 17. The
propeller as described is adapted for left hand rotation
(i.e., counterclockwise rotation when viewed from the
stern as shown by an arrow 23) the blade being shown
in a forward pitch position.

The opening 18 has an annular shoulder 25, the root
19 of the propeller blade being secured to a blade con-
nection plate 26, the plate 26 and the root 19 defining
an annular groove 27 which accepts the annular
shoulder 25. A boss 28 extends from the blade connec-
tion plate 26, the boss having a longitudinal axis 29
parallel to a longitudinal axis 30 of the propeller blade
and perpendicular to the plate 26. Bearing means pro-
vided by the annular shoulder and the groove 27 permit
rotation of the blade about the axis 30 and provide
restraint from force on the blade as the hub rotates
about the axis 24. The axis 30 intersects the axis 24, as
do axes of the second and third propeller blades not
shown.

A crosshead 33 is adapted for longitudinal transla-
tion along the axis 24 and has a flat 34 parallel to and
continuous with inner face 26.1 of the plate 26. The flat
34 is perpendicular to the axis 30 and has a groove 35
at an angle to the axis 24 the angle, designated 36 in
FIG. 1-A only, hereinafter groove angle. The boss 28 is
in sliding engagement with the groove 35 forming
means, responsive to crosshead movement, to change
blade pitch. Since the boss 28 is constrained within the
groove, longitudinal translation of the crosshead along
the axis 24 causes the boss 28 to slide along the groove
35, thus moving the boss laterally, rotating the blade
about the axis 30 and changing the pitch of the
propeller blade. Bearing means (not shown) can be
provided in the groove, the means being a shoe jour-
nalled on the boss fitting in the groove, or needle bear-
ing means reducing wear and friction between the boss
28 and the groove.

With reference to FIG. 1-A, aft is shown in direction
by an arrow 37 and corresponding rotation of the
propeller blade 20 about the axis 30 is shown in
direction by an arrow 37.1. The boss 28 is shown in the
groove 35, the groove being inclined, as aforesaid, to
the axis 24 at the angle 36. Rotation of the propeller
blade about the axis 30 is dependent on the groove
angle and longitudinal translation of the crosshead. For
a given propeller hub, the groove angle is dependent on
pitch variation requirements.

To simplify manufacturing and stocking of the
propeller hubs, crossheads differing only in the groove
angle are used, thus enabling one hub to serve several
pitch variation requirements. The groove angle for use
on a propeller adapted for right-hand rotation is a mir-
ror image of the groove angle used for left-hand rota-
tion. Thus, a centerline of a groove for use on a
propeller adapted for right-hand rotation is shown in
broken outline at 36.1.

All of the propeller blades are similar and each blade
has a corresponding groove in the crosshead, the
groove angles being equal. Thus longitudinal transla-
tion of the crosshead 33 produces equal rotation of
each propeller blade, which results in equal change of
pitch of each blade. Longitudinal translation of the
crosshead is effected by hydraulic means later
described.

FIG. 2 (with references to FIG. 1)
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The crosshead 33 is secured on a shaft 38 which has
a piston 39 at an approximate midpoint on the shaft,
the piston 39, the shaft 38, and crosshead 33, moving as
one unit. The shaft 38 has a forward end portion 41
having a forward bore 41.1 that fits over a spigot 42 of
the portion 12, and has an aft end portion 43 having a
bore 43.1 that fits over a spigot 44 of the aft portion 11.
The end 41 passes through a central bore 46 of a fixed
dividing wall 45 which is secured to the inner wall 12.1.

The propeller hub is thus divided internally into
several spaces, the wall 45 dividing the hub into an aft
cylinder and a forward cylinder. The piston 39 is in the
aft cylinder forming an aft cylinder space 51 aft of the
piston and a forward cylinder space 52 forward of the
piston. The crosshead 33 forms an aft crosshead space
53 aft of the crosshead and a forward crosshead space
54 forward of the crosshead, a passage 56 being pro-
vided through the crosshead permitting fluid to flow
through the crosshead, so as to prevent the crosshead
behaving as a piston. The space 51 is defined in part by
an aft face of the piston 39, a portion of the inner wall
12.1 and a cylindrical passage 11.2. The space 52 is
defined in part by a forward face of the piston 39 and
an aft face of the annular wall 45. The space 53 is
defined in part by a forward face of the annular wall 45
and an aft face of the crosshead 33. The space 54 is
defined in part by a forward face of the crosshead 33
and a forward wall 55 of the portion 12.

The space 51 has a come home compression spring
60 which tends to urge the piston 39 to a forward posi-
tion. The spring 60 encircles the spigot 44 and the por-
tion 43 and becomes operative to attain maximum for-
ward pitch should hydraulic pressure fail.

When the propeller hub rotates at slow speed, this
spring has strength sufficient to return the pitch of the
propeller blades to full ahead position without hydrau-
lic means, as is later explained.

The shaft 38 has a central bore 61 containing a pilot
spool 62, slidable in the bore, having a forward end
portion 63 which is a sliding fit in a bore 64 of the
spigot 42, and an aft end portion 65 which is a sliding fit
in a bore 66 of the spigot 44.

The bore 66 is sealed at an aft end by a screw 68 and
has a spring 69, hereinafter the spool spring com-
pressed between the screw 68 and the spool. This
spring tends to urge the spool to a forward position
within the bore 64. The spool 62 has a central bore 71
which narrows to a metering bore 72 at the forward end
of the spool. The bores 71 and 72 thus communicate
with the bores 66 and 64 at opposite ends of the spool.
A passage 73 enters the bore 64 supplying fluid at con-
trol pressure from a source later described.

The spool 62 has an outer cylindrical surface that is
relieved at 75, 76, and 77, producing two lands 78 and
79 as shown. The lands are a sliding fit in the bore 61,
the land 78 having a radial bore 81 and the land 79 hav-
ing a radial bore 82. The two radial bores connect the
bore 71 with the bore 61 and can be registered with
other passages to be described. A pin 83 which is best
seen in FIG. 1 protrudes inwards into the bore 61
between the lands 78 and 79; only longitudinal location
of the pin 83 is shown simplified in FIG. 2. Motion of
the spool relative to the bore 61 is thus limited by spac-
ing of the lands 78 and 79, the lands interfering with the
pin 83. The pin is particularly adapted for rapid pitch
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changes or if there is loss of hydraulic pressure as is
later explained being a means to locate the spool rela-
tive to passages in the shaft 38.

A longitudinal passage 85 connects the bore 43.1
with the bore 41.1. A radial passage 86 connects the
bore 61 with the space 51 and a radial passage 87 con-
nects the bore 61 with the space 52, the radial passages
being longitudinally spaced so that one radial passage
(86 or 87) is in register with one radial bore, i.e., 81 or
82, in the spool when a land exposes a remaining radial
passage.

A longitudinal passage 91 carries fluid at actuation
pressure from the propeller flange 13 (FIG. 1) into the
bore 41.1, the fluid passing through the passage 85 into
the bore 43.1. Thus fluid at actuating pressure appears
on each end of the central bore 61.

Undesignated seals are used throughout the
propeller hub, reducing undesirable fluid flow particu-
larly past the pilot spool end portions within the bores
64 and 66, past the piston 39 and the inner wall 12.1,
and between the bore 46 of the wall 45 and the shaft
38. These seals are O-ring seals that permit sliding
movement. '

Rigid seals are used between the portions 11, 12, and
the flange 13. These seals are not required to withstand
much movement between parts to be sealed.

FIG. 1, passages ( with references to FIGS. 2 and 3)

The passage 91 through a radial passage 92 commu-
nicates with a passage 93 to the rotary seal assembly 14
and a pressure port 94 adjacent the propeller flange 13.
{Routing of the passage 93 is shown modified in FIG.
J).

A scavenge passage 97 leads from an aft end of the
bore 66 returning fluid to the space 53 via passages 98
and 99. Fluid can pass through the passage 56 (FIG. 2.)
from the space 53 into the space 54, from where a
passage 101 leads to an annular groove (not shown) as-
sociated with a port 103 in the rotary seal assembly 14.
The port 103 receives fluid for tailshaft lubrication pur-
poses and fluid at lubrication pressure from the port
103 mixes in the annular groove to be described with
fluid scavenged from the hub via the passage 101, the
mixture passing forward lubricating the tailshaft 16 and
returning to a fluid tank via a passage 107 at a forward
end of the aft bearing 17.

A pressure port 102 in the rotary seal assembly 14
supplies fluid at control pressure to the passage 73 viaa
groove (FIG. 3 only) and passages shown in broken
outline and designated 95. There is controlled leakage
of fluid from the port 94 (later explained), and if there
is sufficient leakage to provide shaft lubrication, the
port 103 becomes redundant and can be ommited.

FIG. 3 (with references to FIGS. 2 and 10)

The propeller flange 13 has a tapered bore 104
which complements the taper 15 on the aft end of the
tailshaft 16. The shaft has a threaded aft end 105 which
accepts a propeller hub retaining nut 106 to secure the
propeller hub assembly on the shaft 16. Suitable keys
and key ways (not shown) are fitted to provide drive
between the shaft and the propeller hub.

The ports 94 and 102 in the rotary seal assembly 14
communicate, via annular grooves as aforesaid, with
passages in the propeller flange, the passage 93 being
shown clearly only in FIG. 3. Each of the ports 102,
103, and 94, communicates with corresponding annu-
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lar grooves 108, 109, 110 respectively in a bore 111.1
of a rotary seal inner sleeve 111, and fluid is trans-
mitted into the propeller flange then along the shaft as
the flange rotates. A passage 95 (shown in broken out-
line) connects the groove 108 (shown partly in broken
outline) with the passage 73, permitting fluid to pass
from the port 102 to the passage 73. (Passage routing is
not shown completely).

Four seals 112 are provided in the sleeve 111 and
one seal between each annular groove to control
leakage between fluids at different pressures in ad-
jacent grooves. Total fluid leakage during pitch change
in the order of 1 to 1 % gallons per minute from the
port 94 is provided for. With frequent pitch changes
this leakage may be sufficient to lubricate the aft bear-
ing, making the port 103 supplying lubrication fluid
redundant.

These four seals can be piston ring type seals, each
being a spring steel ring having a gap, permitting inser-
tion of the seal and providing a spring effect similar to
piston rings. The seal can be made to grip either in-
wards onto the flange 13 or outwards onto the bore
111.1. In either case above, fine grooves are provided
on oppositely aligned radial faces of each seal to permit
fluid to penetrate on either side of the seal to lubricate
surfaces, reducing friction between the seals and sleeve
111 increasing life of the seals.

A low pressure seal 113 is provided between the
propeller flange and the rotary seal reducing ingress of
water into the rotary seal and reducing loss of oil out-
wards from the seal. A passage 114 in the rotary seal
permits insertion of a screw plug 1185, the plug prevent-
ing rotation of the sleeve 111 relative to the rotary seal
14.

Two hydraulic fluid lines from a control unit (FIG.
10) are connected to the pressure ports 94 and 102,
valves for each line being controlled by the control
unit. The pressure port 102 via the control unit is sup-
plied with hydraulic fluid from a variable volume
pump. This port supplies fluid at control pressure,
volume flow being selected by an operator for a desired
pitch. The passage 73 (FIG. 2) receives fluid at a con-
trolled volume flow and controlled pressure, the flow
determining position of the pilot spool which, as will be
described, determines piston position. The pressure
port 94 is supplied with hydraulic fluid at actuation
pressure from a pressure compensated variable volume
pump and is used to change the propeller pitch. Com-
pensation results in oil being supplied to the port 94 at
a constant pressure and at a rate demanded, for exam-
ple, 0 to 3 gallons per minute. The control unit is
adapted to supply fluid continuously at control pres-
sure at a volume flow rate necessary to maintain a par-
ticular desired pitch. When changing pitch by changing
the volume flow rate into the port 102, interconnection
between the valves permits flow of fluid at actuating
pressure into the port 94 for a period of pitch change
only.

OPERATION

FIG. 2 (with references to FIGS. 1 and 3)

Fluid at control pressure enters the bore 64 from the
passage 73, leaving the bore 64 through the metering
bore 72 of the pilot spool 62, the bore 72 restricting
volume flow rate of fluid into the central bore 71.
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Restriction of flow in the bore 72 produces a pressure
drop across the bore 72, which pressure drop results in
a force on the forward end of the spool tending to move
the spool aft. Movement of the spool aft is coun-
teracted by a force on the aft end of the spool from
compression of the spring 69. An equilibrium position
of the spool is attained in which position the force aft
on the forward end of the control spool, due to fluid, is
balanced by the force due to the compression spring
69. In the equilibrium position the land 79 closes the
passage 87 and the land 78 closes the passage 86.
Hydraulic fluid entering the bore 71 flows into the bore
66 and is returned to the space 53 via the passages 97
and 98, (FIG. 1 only), the passage 101 returning
scavenged fluid from the space 54 and stern tube. In
FIG. 3, in the equilibrium position, (i.e., constant
pitch), while the port 102 receives fluid at a constant
volume flow at control pressure the port 94 does not
receive fluid at actuation pressure.

To change pitch of the propeller blades, e.g., to make
the pitch finer, volume flow rate at control pressure is
increased at the port 102. An increase in control pres-
sure volume flow rate increases force on the forward
end of the spool 62 resulting in movement of the pilot
spool aft relative to the shaft 38 until the pin 83 inter-
fers with the land 79. The lands 78 and 79 are thus
moved aft and expose the passages 86 and B7 to the
bores 61 and 41.1 respectively.

Fluid at actuation pressure concurrently enters the
rotary seal through the pressure port 94 and flows
along the passages 93, 92, and 91, into the bore 41.1.
The passage 85, connecting the bore 41.1 with the bore
43.1, permits fluid at actuation pressure to enter the
bore 43.1, thus providing fluid at actuation pressure on
each end of the central bore 61. Fluid within the bore
41.1 enters the passage 87 and flows into the space 52,
causing an increase in pressure on the forward face of
the piston 39 producing a resultant force moving the
piston aft to a new position. The resultant force is
greater than maximum forward force from the spring
60.

Concurrently with opening of the passage 87, the
bore 81 comes into register with the passage 86, per-
mitting exhausting of fluid from the space 51 as the
piston 39 is moved aft. Fluid from the space 51 flows
through the passage 86, through the bore 81 and into
the bore 71, thus mixing with the fluid from the bore
66.

When the volume flow at control pressure ceases to
increase, the spool stops moving aft and the shaft 38 as-
sumes the equilibrium position relative to the spool, so
that the passages 86 and 87 are closed by the lands 78
and 79 respectively. The spool effectively locks the
piston 39 hydraulically in position, and pitch creep is
negligible. Supply of high pressure fluid at the port 94 is
stopped, being required only for pitch change opera-
tions, interconnection as aforesaid between valves in
the control unit providing this requirement. The piston
39 maintains the new position until there is a change in
volume flow into the port 102,

It is seen that the piston 39 follows longitudinal
movement of the control spool. The spool is thus a
master and the piston 39 is a slave.

With reference to FIG. 1-A, movement aft of the
shaft 38 shown by the arrow 37 results in movement of
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the crosshead 33 aft, which movement produces rota-
tion of the propeller blade about the axis 30 in a
direction shown by the arrow 37.1, the boss 38 being
swung to starboard being restrained by the groove an-
gle. Thus the pitch is made finer.

Movement of the crosshead to a maximum aft posi-
tion results in reverse pitch, the pitch having passed
through a neutral position.

A decrease in fluid flow at control pressure results in
a decrease in force at the forward end of the spool
producing a resultant forward force from the spring 69
urging the spool forward until the land 78 interfers with
the pin 83. The land 78 thus moves forward exposing
the passage 86 to fluid at actuation pressure within the
bore 43.1, which fluid enters the space 51 through the
passage 86. Pressure on the aft face of the piston 39 is
increased, thus producing a resultant force being aug-
mented by relatively small force from the spring 60.
The bore 82 is brought into register with the passage 87
permitting fluid exhausted from the space 52 to pass
into the bore 71 thus mixing with fluid from the bore
64. The piston 39 moves forward until fluid flow at con-
trol pressure becomes constant and the equilibrium
position is attained in which the lands 78 and 79 close
the passages 86 and 87 as before explained.

Movement of the piston 39 forward moves the
crosshead 33 forward, this movement swings the boss
28 to port because the groove is at an angle, 36 FIG. 1-
A, adapted to rotate the blade in a direction opposite to
that of the arrow 37.1. The pitch is thus made coarser.

It is seen that, at the equilibrium position of the
spool, there is a balance of opposite forces from the
spring 69 and fluid pressure forces on the spool due to
the pressure drop across the bore 72. Hydraulic pres-
sure failure results in the spool 62 being urged forward
by an unbalanced force from the spring 69. The land 78
interfers with the pin 83 preventing further movement
forward of the spool relative to the shaft 38, thus bring-
ing the bore 82 into register with the passage 87, per-
mitting fluid to be exhausted from the space 52 into the
bore 71. The land 78 exposes the passage 86, admitting
fluid into the space 51 from the bore 43.1 as the piston
39 is urged forward by the spring 60. As the piston 39 is
urged forward by the spring 60 the spool 62 is urged
forward also since the spring 69 urges the land 78
against the pin 83. The spool 62 thus follows the piston
39 and the propeller thus attains maximum forward
pitch. Fluid pressure in passages in the hub is relieved
by fluid leaking through seals in the rotary seal, inhibit-
ing formation of hydraulic locks.

If the spring 60 were not fitted, the propeller blades
would remain in the pitch at which the propeller was
immediately prior to hydraulic pressure failure, or
would attain a pitch, possibly undesirable, imposed by
forces on the propeller blades. For a propeller of 4 feet
in diameter, actuation pressure is about 1,000 psi, con-
trol pressure is in a range of 25-200 psi and volume
flow rate is about 4 gallons per minute maximum.

In recapitulation of the foregoing, pilot spool 62 FIG.
2 is a means within the bore 61 adapted for slidable for-
ward and aft movement within the bore and relative to
the hub. The said means, viz the spool 62, moves
responsive to a difference between a force tending to
move it forward, and a force tending to move it aft. In
FIG. 2 the force tending to move the spool aft is sup-
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plied hydraulically as has been explained the force
tending to move it forward is that exerted by the spool
spring 69, a compression spring. When these forces are
unbalanced the spool moves relative to the bore, and
relative to the hub, there being no movement relative
to the bore when these forces are balanced, i.e., equal.

After the means, the spool 62, has moved as
aforesaid through a particular distance, then means
again to equalize the forces are provided as has been
explained, means responsive to the movement causing
the shaft 38, and the piston 39 and the crosshead 33
both of which are secured to the shaft, to move axially
relative to the hub through the particular distance —
the shaft follows the spool — so that the spool attains a
new balanced position stationary relative to the hub,
with the spool then having the same position relative to
the shaft bore as initially.

FIGS. 4 and § (With reference to other figures)

In the FIG. 1 embodiment a continuous flow of fluid
is fed to one end of the spool 62 producing a force on
spool which is balanced by the spring 69. A hub ac-
cording to alternative embodiment is supplied with
fluid during pitch change only, thus reducing possible
fluid loss as will be explained.

The spool 62 of the FIG. 1 embodiment is eliminated
and an alternative spool is substituted. The spring 69
and the continuous flow of fluid is replaced by two
spool springs — one on either end of the alternative
spool.

An alternative embodiment of a controllable pitch
propeller hub mechanism is designated 130 in FIG. 4.
The hub has an aft portion 131, a midportion 132, and
a propeller flange 133 (FIG. 5), secured by bolt means.
A rotary seal assembly 134 admits fluid to the propeller
hub via the propeller flange by means similar to those
described with reference to FIG. 3, thus further detail
description is deemed unnecessary. The propeller
flange is secured on a taper 135 of a tailshaft 136 hav-
ing an axis of rotation 137. Aft bearings in a stern tube
of the vessel (not shown) are similar to those described
with reference to FIG. 1.

A propeller blade root 140 is shown within an open-
ing 141 in the midportion 132. Blade bearing means are
similar to those previously described, namely a blade
connection plate 142 secured by bolt means to the
blade root 140, forming an annular groove 143 which
accepts an annular shoulder 144 within the midportion
132. The propeller blade can rotate about an axis 146,
rotation being controlled by a boss (not shown)
slidably fitted in a groove (not shown) of a crosshead
148. The boss extends from an inner face 142.1 of the
blade connection plate and is similar to that as shown in
FIG. 1. As previously described, movement of the
crosshead 148 aft results in a finer pitch and movement
of the crosshead forward results in a coarser pitch.
Other details relating directly to the pitch changing
mechanism are similar to those previously described.

The crosshead 148 is secured to a shaft 150 having a
piston 151 at an approximate mid-point of the shaft.
The shaft 150 has a forward end portion 152 having a
bore 153, and an aft end portion 154 having a bore
155.

The midportion 132 has a face 158 having a boss 159
protruding aft. A shaft 160 is secured to the boss 159,
the shaft being a sliding fit within the bore 153. The aft
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portion 131 of the hub has a forward facing spigot 162,
the spigot being a sliding fit within the bore 155. The
shaft 150 is thus slidably supported at both ends per-
mitting longitudinal movement of the piston disc within
the hub. A fixed dividing wall 165 has a bore 166 to ac-
cept the shaft 150, the shaft being a sliding fit in the
bore.

The shaft 150 has a central bore 168, an annular
shoulder 169 separating the bore 168 from the bore
153, a bore 170 connecting the bore 168 with the bore
153. A pilot spool 172 within the bore 168 has a for-
ward spring 173 adjacent a forward end of the spool
between the shoulder 169 and the spool, an aft spring
174 being adjacent an aft end of the spool 172. A stop
178 is provided at an aft end of the bore 168. The spool
172 is thus sandwiched between two springs and is
slidable within the bore 168. The spool 172 has a
recessed central portion 176 forming lands 176.1 and
176.2 at opposite ends of the spool.

The propeller hub is divided into four separate
spaces. An aft cylinder space 177 is defined in part by
an aft face of the piston 151 and a forward face of the
portion 131. A forward cylinder space 178 is defined in
part by a forward face of the piston 151, and an aft face
of the dividing wall 165. An aft crosshead space 179 is
defined in part by an aft face of the crosshead 148, and
a forward face of the dividing wall 165. A forward
crosshead space 180 defined in part by the aft face 158,
and a forward face of the crosshead 148. A passage 181
in the crosshead 148 permits fluid to pass between the
spaces 179 and 180.

Passages 182 and 183 connect the space 177 and the
space 178 respectively with the central bore 168. Lon-
gitudinal separation of the passages 182 and 183 is such
that when the spool 172 is in a centered or equilibrium
position within the bore 168, the lands 176.1 and 176.2
close the passages 182 and 183 respectively. The space
180 is connected to the bore 168 by a longitudinal
passage 185 and a radial passage 186.

The shaft 160 has a passage 188 communicating with
a radial passage 189 which, in turn, communicates with
further longitudinal passage 190. As seen in FIG. § the
passages 190, via an annular groove 192 in the rotary
seal communicate with a pressure port 191 in the ro-
tary seal assembly 134.

The spigot 162, FIG. 4, has a passage 194 which con-
nects with passages severally 195. As seen in FIG. §,
the passage 195 via several passages, communicates
with a pressure port 196 via an annular groove 195.1in
the rotary seal assembly 134. The pressure ports 191
and 196 are connected by hydraulic lines to a control
unit (not shown), the control unit selectively directing
fluid at actuation pressure from a hydraulic pump to
the port 196 or the port 191 depending on whether the
pitch is to be made coarser or to be made finer. The ro-
tary seal has a further pressure port 198 which is used
for aft bearing lubrication if necessary. The port 198,
via an annular groove 203 in the rotary seal, commu-
nicates with a longitudinal passage 199 (shown in
broken outline in FIG. §). The passage 199 commu-
nicates with the aft bearing (not shown) and a space
200 at an aft end of the taper 135 of the tailshaft. A
passage 201, shown in broken outline, connects the
spaces 200 and 180 permitting fluid scavanged from
the hub to be used for aft bearing lubrication via the
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passage 199. If the port 198 is not used for lubrication
it can be sealed. Fluid scavenged from the hub via the
passage 195 leaks past seals in the rotary seal into the
groove 203, similar to that described with reference to
FIG. 3, and lubricates the aft bearings; after which the
fluid leaves the bearing in a manner similar to that
described with reference to FIG. 1.

The control unit can be provided with valve means to
permit fluid scavenged from the hub to return to the
tank via the control unit rather than the aft bearing, in
which case one pressure port at any one time, either
196 or 191, would be a scavenge port passing fluid to
the control unit which, through valves, returns fluid to
the tank.

A low pressure seal 208 is provided, between the ro-
tary seal 134 and the propeller flange 133, to reduce in-
gress of water into the rotary seal and leakage from the
seal to the water.

A come home compression spring (not shown) can
be provided in the space 177. This spring urges the
piston 151 forward and is for use in an emergency
should hydraulic pressure supply to the hub fail. It
operates similarly to the come home spring as
described with reference to FIGS. 1 and 2, effecting
maximum forward pitch for the propeller. A hand
pump is provided for emergency use to overcome any
hydraulic lock produced by the spool closing the spaces
177 and 178. Fluid is pumped by the hand pump into
the bore 155 to move the spool forward, admitting fluid
into the space 177 and exhausting fluid from the space
178 as the piston 151 is urged forward by the come
home spring. If no spring is fitted, the pitch is substan-
tially unchanged after hydraulic pressure failure,

Wear resisting O-ring seals are provided on periphe-
ries of the piston 151, the bores 155 and 153, and the
spool 172, as shown. These seals reduce fluid leakage
between sliding components, and other undesignated
seals are used to reduce fluid leakage.

As seen in FIG. §, the rotary seal 134 has three pres-
sure ports as shown, and four wear-resisting seals each
designated 204 are provided, one between each port, to
control fluid leakage from the ports 191 and 196. The
seals are piston ring type, as described with reference
to FIG. 3.

OPERATION OF THE FIG. 4 ALTERNATIVE

FIG. 4

In a constant pitch condition, the spool 172 is held in
a balanced, or centered, position by actions of the
springs 173 and 174. In this position the passages 182
and 183 are closed by the lands 176.1 and 176.2 on the
spool 172, and there is no fluid flow to or from the hub.
To change the pitch, fluid at actuation pressure is sup-
plied at one end of the spool on demand from the con-
trol unit, which spool end depends upon whether pitch
is to be made finer or coarser.

To make the pitch of the propeller blades finer, fluid
at actuation pressure is supplied to the port 191, (FIG.
5) from which the fluid leaves the assembly 134 via the
groove 192, and the passage 190, enters the passage
188 in the shaft 160 and enters the bore 153. The fluid
flows through the bore 170 and exerts a force on the
forward end of the spool 172, thus urging the spool aft
and exposing the passage 183 to fluid at actuation pres-
sure. Fluid at actuation pressure flows into the space
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178 through the passage 183 and exerts a force urging
the piston 151 aft, following the spool 172, and ex-
hausting fluid from the space 177 through the passage
182.

The equilibrium position of the spool is attained
when flow to the bore 153 ceases, re-centering the
spool, thus closing the passages 182 and 183. Move-
ment of the piston 151 aft moves the crosshead 148 aft,
causing the propeller blade to rotate about the axis 146
to a position of finer pitch. Fluid exhausted from the
space 177 enters the bore 168, passes around the
recessed central portion 176, and leaves through the
passages 186 and 185, to enter the space 180 where it is
scavenged from the hub through the passage 201 to the
space 200. The passage 199 connected to the space
200 carries fluid to the aft bearing for lubrication. Fluid
within the bore 155 is scavenged through the passages
194 and 195 to the groove 195.1 from which it leaks
past the seals to the groove 203. From the groove 203,
scavenged fluid leaves the flange 133 via the passage
199 which carries the fluid to the aft bearing for lubri-
cation, being similar to the passage 101 FIG. 1.

To make the pitch coarser, fluid at actuation pres-
sure is supplied to the pressure port 196 from which via
the groove 195.1 it enters the passages 195 and 194
and the bore 155. The fluid exerts a force on the aft end
of the spool 172 urging the spool forward and exposing
the passage 182 to the fluid at actuation pressure. The
fluid enters the space 177 through the passage 182 and
exerts a force on the aft face of the piston 151, urging
the piston forward and with it the crosshead 148,
resulting in a coarser pitch of the propeller. Fluid in the
space 178 is exhausted through the passage 183 into
the bore 168, then, via the passages 186 and 185, it en-
ters the space 180, leaving it as before stated. The
piston 151 moves forward until fluid flow at actuation
pressure ceases, so that the lands 176.1 and 176.2 close
the passages 182 and 183 when the spool is re-cen-
tered.

Fluid from the bore 153 is exhausted through the
passages 188 and 189 into the passage 190 (FIG. §),
from which it is scavenged from the hub by leaking past
the seals into the groove 203 then through the passage
199 1o the aft bearing.

The spool 172 when in an equilibrium position forms
a hydraulic lock for the piston 151, inhibiting move-
ment of the crosshead 148 and pitch creep of the
propeller blades.

The high pressure hydraulic pump runs continuously
supplying fluid at about 1,000 psi to the control unit
(not shown) which has a three-position valve that,
when pitch change is required, directs fluid to either
the port 191 or to the port 196. A low pressure hydrau-
lic pump (not shown) can be provided for lubrication
of the aft bearings through the port 198. The control
unit valve has three-positions namely, shut-off, opening
to the port 191, and opening to the port 196. The valve
is spring-loaded to return it to the shut-off position
when pitch change is not required, thus maintaining the
spool 172 centered. If pitch change is not required for
long periods during tail rotation, fluid at actuation pres-
sure does not reach the pressure ports and aft bearing
lubrication through the port 198 is provided.

The pilot spool 172 is means within the bore adapted
for forward and aft movement therewithin, as is the
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spool 62 FIG. 2. The spool 300 is moved by hydraulic
force the motion being resisted by a force applied by
either the spring 174 or the spring 173 depending upon
direction of motion. Re-centering in balance is accom-
plished by the springs when the hydraulic force ceases
to act.

FIGS. 6 and 7 (with reference to FIG. 3)

The rotary. seal described in the two previous em-
bodiments may have disadvantages due to wide varia-
tions of clearances in running fits between the rotary
seal inner sleeve 111 (FIG. 3 only) and the tailshaft,
due to practical manufacturing limitations in a fixed ro-
tary seal. Control of fluid leakage between the seals
that surround actuation pressure ports is required to ef-
fect control of volume flow and to reduce contamina-
tion of fluid at actuation pressure with fluid in adjacent
pressure ports. There is also a chance of failure of the
low pressure seal causing water contamination of the
rotary seal or loss of fluid. Fluid at actuation pressure is
felt by the rotary seal during pitch change only and
controlled leakage is used for lubrication purposes as
previously stated. To effect greater control of fluid
leakage, a novel floating rotary seal assembly is used in
combination with a water-lubricated bearing assembly,
as shown in FIGS. 6 and 7. Floatation effect of the ro-
tary seal substantially accommodates eccentricities and
unevenly worn portions of the tailshaft. Relatively close
running fits can be maintained on the seals between ad-
jacent pressure ports, substantially increasing control
of fluid leakage. One example of a floating seal will be
described. This type of seal can be used on either em-
bodiment of propeller hub as previously described.
FIG. 7

A tailshaft 220 has an axis of rotation 221 and at an
aft end has a taper 222 to fit a taper within a propeller
flange 223. A propeller hub (not shown) according to
the invention is fitted to the propeller flange 223 aft of
FIG. 7. A stern tube 225 is shown in broken outline in-
dicating securing means to a stern of a vessel. Tailshaft
aft bearings are shown as 226 open to ambient water,
being known water-lubricated bearings.

A passage 228 within the flange 223 communicates
with a corresponding passage in the hub (not shown)
and two further passages (not shown) in the flange
communicate with passages in the propeller hub. The
passage 228 in the propeller flange is connected to a
hydraulic line 230 which is parallel to and adjacent the
shaft 220. The two further passages are similarly con-
nected to two further lines (not shown) and are spaced
circumferentially around and parallel to the shaft 220.
All three lines are secured to the shaft suitably by a
glass fiber and resin composite material to form an en-
veloping protective sleeve 230.1 enclosing the lines.
Only one fluid route from the hub will be described,
namely hydraulic lines and passages associated with the
passage 228. Other fluid routes are parallel to this and
are similar.

FIG. 6

A forward end of the line 231 communicates with a
drilled passage 232 within a rotary seal inner sleeve 233
secured to the tailshaft. An annular bracket 235.1 of a
known stuffing box 238 surrounds the sleeve 233 and is
secured to the stern tube 225. A shoulder 236.1
protrudes inwards from a sleeve portion 236 of the box
235 and provides a stop for packing material 234, A
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collar 237 is a sliding fit within the sleeve portion 236,
and has at least three similar screw adjusting means 238
(two only shown) securing it to a flange 240 of the box
23S. One means 238 only will be described, having a
stud 239 secured to the flange 240, the stud projecting
axially forward from the flange through a clearance
hole in the collar 237 and a nut 241 drawing the collar
237 towards the flange 240. The material 234 provided
between the collar 237 and the shoulder 236.1 is com-
pressed for sealing purposes as known in the art. Rota-
tion of the nuts 241 of all the means 238 compresses
the packing material, increasing sealing between the
shaft and the material compensating to some extent for
wear of the material 234. The above describes a con-
ventiona!l stuffing box.

The stud 239 projects through a radially disposed
slot (not shown) in a rotary seal flange 242 of a rotary
seal assembly 243, nut and washer means 242.1 being
provided to restrain the flange 242 longitudinally on
the stud 239 and prevent rotation. The rotary seal as-
sembly 243 encloses the shaft 220 and is supported in
three places by the studs 239 from the collar. The slots
permit small radial movements of the assembly 243
relative to the stuffing box thus permitting the assembly
243 to follow minor eccentricities of the shaft 220 as
will be explained.

Three pressure ports severally 245 are provided in
the rotary seal 243, four seals 246 being provided, one
seal between each port. The seals control fluid leakage
between the ports similar to the seals previously
described with reference to FIGS. 3 and 5. Two low
pressure seals 247 are provided, one seal at each outer
end of the rotary seal assembly 243. The stuffing box
235 maintains a substantially dry tailshaft forward of
the stuffing box.

Rotation of the shaft 220 rotates the hydraulic lines
within the glass fiber composite sleeve 230.1 and
rotates the rotary seal inner sleeve 233. Eccentricities
of the shaft or inner sleeve 233 produce small radial
variations of a periodic nature that are experienced by
a fixed point relative to the vessel for example on the
stern tube. Such small radial variations on rotation of
the shaft can be accommodated by radial movement of
the assembly 243, which moves in sympathy with the
shaft by sliding of the studs 239 within the radial slots.

A floating seal means as described above can utilize
seals 246 having a smaller clearance relative to the
main shaft, thus effecting improved control of fluid
leakage between the seals. Seapage of water is materi-
ally reduced by the packing material 234, this results in
a substantially dry shaft adjacent the rotary seal, with
the tailshaft bearing being conventionally lubricated by
the water.

FIGS. 8 and 9 with references to FIGS. 4 and §

A further alternative embodiment shown in FIGS. 8
and 9 differs from the embodiment described in FIGS.
4 and 5 in passages associated with a modified pilot
spool, and in minor modifications to passage routing
within the propeller hyb.

The further alternative hub embodiment 260 has an
aft portion 261 bolted to a mid-portion 262, a propeller
flange 263 being secured to the mid-portion and en-
closed at a forward end by a rotary seal assembly 264.
The propeller is mounted on a tailshaft 265 having an
axis of rotation 266. A propeller root 267, shown frag-
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mented, is mounted for rotation within an opening
262.1 in the mid-portion 262. A crosshead 268 effects
pitch change as previously described with reference to
the crosshead 148 FIG. 4.

As seen in FIG. 8, the crosshead is secured to a shaft
270 having a piston 271 mounted centrally as shown.
The shaft has a forward bore 272 and an aft bore 273.
A spigot 274 projecting aft is a sliding fit within the for-
ward bore and a spigot 275 projecting forward is a slid-
ing fit in the aft bore. A fixed dividing wall 276 has a
bore 277, the shaft 270 is a sliding fit therein, thus
being free to slide axially within the hub.

The hub is divided internally as previously described
namely, an aft cylinder space 279, a forward cylinder
space 280, an aft crosshead space 281, and a forward
crosshead space 282, a passage 283 through the
crosshead connecting the space 281 with the space
282. The shaft 270 has a central bore 286 extending
forward from the aft bore 273, and passages 288 and
289 connect the spaces 279 and 280 with the central
bore. A shoulder 291 separates the central bore from
the forward bore 272, the shoulder having an inner
bore 292. A passage 294 within the spigot 274 commu-
nicates with the bore 272 and communicates with the
rotary seal assembly 264 via passages severally 295. A
passage 297 within the spigot 275 communicates with
the bore 273 and, via passages severally 298, commu-
nicates with the rotary seal assembly 264 FIG. 9.

Structure above is generally similar to that shown in
FIGS. 4 and 5. The passages 186 and 185 in FIG. 4
have been eliminated in FIG. 8 and the passage 199 in
FIG. 5 has been eliminated in FIG. 9 Further dif-
ferences particularly in passages associated with a pilot
spool 300 are described below.

FIG. 8

The pilot spool 300 has an aft face 301 and a forward
face 301.1, is a sliding fit within the bore 286, and has a
compression spring 302 bearing against the aft face
301, and a compression spring 303 bearing against the
forward face 301.1. The spring 302 has an aft end bear-
ing against a stop 304 and the spring 303 has a forward
end bearing against the shoulder 291, which shoulder
serves as a stop for the spring 303. Thus both springs
are compressed and the spool is held in an equilibrium
position between them. The spool has a central
recessed portion 305 which defines lands 306 and 307
at outer ends of the spool. In a constant pitch condition
the spool is held in the equilibrium position in which
the lands 306 and 307 close the passages 288 and 289.
The spool has diametral passages 308 and 310 at the
lands, the passages communicating with longitudinal
passages 311 and 312 in the spool as shown. Longitu-
dinal separation of the passages 308 and 310 is such
that, when the spool is displaced forward, the passage
288 as exposed to the bore 286 and the passage 310 is
in register with the passage 289. Similarly when the
spool is displaced aft, the passage 289 is exposed to the
bore 286 and the passage 308 is in register with the
passage 288. Means to prevent movement of the spool
beyond positions in register are provided, namely
sleeves 314 and 318 surrounding the springs 302 and
303, the sleeves being of such length that movement
beyond the positions of register is prevented. The
sleeves 314 and 315 can be omitted if the springs have
such a length that, when fully compressed, translation
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of the spool beyond registration is prevented, such
springs being used in the FIG. 4 embodiment.

A one-way valve 316 is provided in the wall 276 to
reduce accumulation of fluid in the spaces 281 and
282, the valve passing fluid in a direction shown by an
arrow 317,

FIG.9

The rotary seal assembly 264 has three fluid pressure
ports 320, 321 and 322 communicating with associated
annular grooves 323, 324, and 328, within an inner
sleeve 326 of the rotary seal assembly 264. The passage
295 communicates with the annular groove 324 and
the passage 298 communicates with the annular groove
325. A passage 328 shown in broken outline connects
the groove 323 to an aft bearing, not shown. Four seals
329 are provided between the grooves 323, 324, 325 of
the rotary seal assembly 264 being similar to seals in
the assembly 134 FIG. 5. The seals between the pres-
sure ports control leakage of fluid. If fluid leakage is
sufficient for aft bearing lubrication the port 320 can
be sealed. The ports 321 and 322 are connected to a
control unit not shown, and supply fluid at actuation
pressure for pitch change purposes only. Should
hydraulic pressure supplies to the hub fail a hand
operated hydraulic pump is provided to supply hydrau-
lic pressure for use in an emergency. In such an emer-
gency, speed of rotation of the shaft is reduced or
stopped, the pump being used to pressurize fluid to dis-
place the spool to eliminate hydraulic locks formed in
the cylinder spaces, as previously described.

OPERATION

FIG. 8, with references to FIG. 4 and 9

As described with reference to FIG. 4, translation of
the crosshead aft results in a finer pitch of the propeller
blade and translation of the crosshead forward results
in a coarser pitch. Fluid is supplied to pressure ports
321 and 322 (FIG. 9) as previously described, and fluid
is scavenged from the hub by controlled leakage past
the seals 329 for aft bearing lubrication as previously
described.

To make the propeller pitch finer, fluid at actuation
pressure is fed into the port 321 which supplies fluid
through the passages 295 and 294 to the bore 272. The
fluid flows through the bore 292 and produces a force
on the spool 300, moving the spool aft and compressing
the spring 302 until further aft translation is prevented
by the sleeve 314. The passage 289 is exposed to fluid
at actuation pressure within the bore 286, the fluid thus
entering the space 280 through the passage 289. Fluid
at actuation pressure within the space 280 forces the
piston 271 aft, thus moving the crosshead 268 aft mak-
ing the pitch finer. As the piston moves aft, fluid is ex-
hausted from the space 279 through the passage 288
which is in register with the passage 308 within the
spool. The fluid from the space 279 passes through the
passages 308 and 311 into the bore 273, leaving
through the passages 297 and 298. From the passage
298 fluid scavenged from the hub enters the annular
groove 325 and leaks past seals 329 into the groove
323, then through the passage 328 to lubricate the aft
bearing (not shown). When the required pitch is
reached, delivery of fluid at actuation pressure is
stopped, permitting the spool to attain the equilibrium
position.
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To make the pitch coarser, fluid at actuation pres-
sure is fed into the port 322 which, via the annular
groove 325, passes fluid to the passages 298 and 297
into the bore 273. Fluid enters the bore 286 and
produces a force urging the spool forward, compressing
the spring 303 until further forward movement of the
spool is prevented by the sleeve 315. The passage 288
is thus exposed to fluid at actuation pressure within the
bore 273, the fluid entering the space 279 and produc-
ing a force forward on the piston 271. The piston
moves forward moving the crosshead forward, thus
making the pitch coarser. Fluid within the space 280 is
exhausted through the passage 289 into the passage
310 within the spool. Fluid flows through the bore 292
into the bore 272, which it leaves through the passages
294 and 295 to enter the rotary seal. The passage 295
leads the fluid into the annular groove 324 from where
the fluid leaks past one seal 329 into the groove 323
which transmits scavenged fluid through the passage
328 to lubricate the aft bearing. The force on the piston
271 slides the shaft 270 forward and with it the
crosshead 268, thus making the pitch coarser. As be-
fore stated, when the required pitch is attained delivery
of fluid at actuation pressure ceases, and the spool
returns to the equilibrium position. The spool 300 is
means within the bore adapted for movement generally
as described with reference to the spool 172.

A come home spring can be provided in the space
279, if desired, to return the pitch to full ahead position
should hydraulic pressure fail, this being used in emer-
gency as previously described.

ANCILIARY EQUIPMENT ASSOCIATED WITH
THE PROPELLER HUB

FIG. 10

The propeller hub 10 of the embodiment of FIG. 1 is
secured to the tailshaft 16 and journalled in the stern
tube 17.1 at a stern 339 of a vessel, and is driven by an
engine gearbox and clutch assembly 340. Hydraulic
lines 341 and 342 are connected to the ports 94 and
102 respectively in the rotary seal 14, the lines trans-
mitting fluid from a control unit and pump assembly
343. A fluid supply tank 344 is connected to the as-
sembly 343 by a hose 345, and a scavenge hose 346
returns fluid from the passage 107 to the tank 344 after
the fluid has lubricated the stern tube. An extra hose
carrying fluid for aft bearing lubrication to the optional
port 103 (not shown) is omitted in this figure.

Environment above accommodates the propeller
hub embodiments described with reference to FIGS. 4
and S and FIGS. 8 and 9. If a floating rotary seal (FIGS.
6 and 7 or FIGS. 11, 12 and 13) is used, the hydraulic
lines connect with a rotary seal forward of the stern
tube (not shown in FIG. 10).
Pitch Readout

For the embodiment illustrated in FIGS. 1-3, pitch of
the propeller is known from the position of the spool 62
relative to the hub, which position can be calculated
from known characteristics of the spring 69. Deter-
mination of fluid pressure in the bore 64 (measured by
a pressure gauge, not shown) indicates forces on the
spool 62, determining the position of the spool relative
to the hub, hence the pitch.

Referring particularly to the embodiments illustrated
in FIGS. 4, 5, 8, and 9, exhaust temperature is a sensi-
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tive indicator of engine load, and pitch is a parameter
affecting load. Consequently, optimum load can be ap-
proached by varying the pitch. The embodiments
above are well adapted for use with known automatic
means to effect the foregoing.

ALTERNATIVE ROTARY SEAL ASSEMBLY (DRY
TAILSHAFT)

FIG. 11

An alternative rotary seal assembly 350 has a fixed
outer sleeve 351 having an inner surface 351.1 and an
inner sleeve 352 secured to a tailshaft 353, the tailshaft
having an axis of rotation 353.1. The sleeves 351 and
352 can each be made in two halves and are shown thus
in FIG. 11. The outer sleeve 351 has a rotary seal flange
354 which has a radial slot 354.1 to carry a stud 355 of
a screw adjusting means 356. The screw adjusting
means is secured to a fixed part of the vessel aft of the
rotary seal. The rotary seal assembly has at least three
screw adjusting means similar to those as described
with reference to FIGS. 6 and 7, the slots providing ac-
commodation to eccentricities of rotation of the
tailshaft by permitting movement of the studs relative
to the radial slots.

The inner sleeve 352 has an outer surface 352.1 and
two passages 359 and 360 to accept fluid at actuation
pressure for delivery to the propeller flange (not
shown). The passages 359 and 360 communicate with
inlet annular grooves 361 and 362 respectively of the
rotating inner sleeve 352. Pressure ports 364 and 365
communicate with the annular grooves 361 and 362
respectively and during pitch change admit fluid at ac-
tuation pressure to one of the passages 359 or 360. An
outlet annular groove is longitudinally spaced on either
side of each inlet annular groove and is separated from
the inlet annular groove by an annular element,
hereinafter dam. The inlet annular groove 361 is
separated from outlet annular grooves 367 and 369 by
dams 368 and 370 as shown. The inlet annular groove
362 is separated from outlet annular grooves 371 and
373 by dams 372 and 374. Outlet ports 376 and 377
communicate with outlet annular grooves 367 and 369
and outlet ports 379 and 380 communicate wnth outlet
annular grooves 371 and 373.

A seal 383, sandwiched between two annular baffles
384 and defining in part a further undesignated groove,
is provided between an inner pair of outlet grooves 369
and 371. The seal 383 is a piston ring type seal similar
to those used in piston engines, and is further described
with reference to FIGS. 12 and 13. Similar annular baf-
fles 386 and 387 defining in part further undesignated
grooves, are adjacent the annular grooves 367 and 373
and provide partial location for further piston ring seals
388 and 389. The piston rings are sprung radially out-
wards, thus gripping the inner surface 351.1 of the ro-
tary seal outer sleeve 351.

The dams serve as fluid leakage control means
between inlet grooves and outlet grooves, an outer
cylindrical surface 370.1 of the dam 370 being
separated from the inner cylindrical surface 351.1 of
the sleeve 351 by a clearance gap 390 having a radial
dimension limited by maximum variation of clearance
between the inner sleeve 352 and the outer sleeve 351
when one rotates relative to the other. This variation is
typically within a range of one- to three-thousandths of
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an inch. The clearance gaps are best seen in FIG. 12.
High volume rate of fluid flow into the outlet flow at
reduced pressure to the outlet port, control of pressure
and volume flow rate being effected by the gap 390,
and a valve that controls fluid flow from the outlet
ports as is later explained. The baffles serve as means to
locate the seals axially and also, similarly to the dams
aforesaid, to reduce fluid pressure at the seal. The baf-
fles have a similarly controlled clearance, later
described.

Ball bearings 391 and 392 journal the outer sleeve on
the inner sleeve, and twin seals 394 and 395 reduce
leakage from the rotary seal assembly and reduce possi-
ble contamination of fluid in the seal from external
sources. Maximum run-out or eccentricity of the bear-
ing is a main factor in determining a minimum limit of
the clearance gap. Inner faces of the twin seals are in
contact with bearing sleeves 397 and 398, the sleeves
having chamfered outer edges 399 and 400, the cham-
fers easing assembly of the sleeves over the piston ring
seals. O-ring seals 401 and 402 reduce leakage of fluid
between the bearing sleeves and the rotary seal inner
sleeve 352. The bearing sleeves locate the ball bearings
and are held in place by spring clips 403 and 404.
FIGS.12and 13

The piston ring seal 383 is shown between the inner
sleeve 352 and the outer sleeve 351. The seal 383 has
outer and inner cylindrical surfaces 383.1 and 383.2,
and parallel radial faces 383.3 and 383.4, the seal being
an annulus with a gap and having a rectangular cross-
section. An outer cylindrical surface 384.1 of the baffle
384 is shown in broken outline and is separated from
the inner cylindrical surface 351.1 of the outer sleeve
351 by a radial clearance gap 406, which, similarly to
the clearance gap of the dams, is typically of the order
of a few thousands of an inch. This gap is dependent of
fluid viscosity actuation pressure and other operational
requirements, and has a minimum size limited by max-
imum run-out of the ball bearings.

The seal outer surface 383.1 is sprung outwards
against the inner surface 351.1, effectively in metal to
metal contact to prevent fluid flow, but is lubricated
and is relatively free to slide circumferentially if
required, i.e., to rotate about the axis 353.1. Such
springing is well known in the art of piston rings as used
in internal combustion engines.

The inner cylindrical surface 383.2 is spaced from
the outer cylindrical surface 352.1 of the inner sleeve
352 providing a radial gap 407 between the two sur-
faces. The gap 407 is for fitting of the piston ring type
seal, as is well known. The seal 383 has a conventional
circumferential lap join as shown at 408, in which two
circumferential fingers 409 and 410 overlap, circum-
ferential clearance provided by two circumferential
gaps 411 of two- to three-thousandths of an inch each.
The gaps 411 are close tolerance gaps to reduce exces-
sive fluid leakage past the overlap.

A plurality of passages 413 is provided through the
piston ring seals 383. The passages have a diameter of
approximately twenty-thousandths of an inch, and are
disposed parallel to the axis 351.1. A passage of this
diameter can pass fluid from the face 383.3 to the face
383.4 and vice versa. A plurality of radially disposed
passages 415 also about twenty-thousandths of an inch
in diameter is provided through the piston ring seal
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connecting the outer surface 383.1 with the inner sur-
face 383.2. The passages 413 and the passages 415 are
circumferentially spaced alternatively around the
piston ring seals, spacing between the passages being
equal.

These passages provide lubrication between faces in
contact with the piston ring seals. Such lubrication
reduces wear of the piston ring seal increasing operat-
ing life of the seal.

OPERATION OF THE ALTERNATIVE ROTARY
SEAL

Fluid at actuation pressure is fed either into the port
364 or 365, depending on whether the pitch is to be
made finer or coarser. Typically a flow of fluid into the
hub at 3 gallons per minute for about 8 seconds effects
pitch change from fine to coarse.

If the pitch is to be made coarser, fluid at actuation
pressure is fed into the input port 364 at a volume rate
of flow in excess of that required to operate the hub,
e.g., a volume rate of flow of 9 gallons per minute. The
groove 361 receives the fluid from the port 364 and the
flow rate of 3 gallons per minute of fluid leaves the
groove through the passage 359 to enter the propeller
hub. Excess fluid at a rate of 6 gallons per minute leaks
past the dams 368 and 370 into the annular grooves
367 and 369, leaving the rotary seal assembly through
the outlet ports 376 and 377 in scavenge hoses not
shown. The scavenge hoses are siamesed together to a
main scavenge hose, flow through the hoses being con-
trolled by a scavenge flow valve, not shown. This excess
fluid flow is at reduced pressure, as explained below.
Fluid delivery pressure into the annular groove 361 is
of the order of a thousand psi, but after fluid is metered
by flowing past the dams pressure in the annular
grooves 367 and 369 is considerably less. Due to
reduced pressure in the grooves 367 and 369, a rela-
tively small amount of fluid leaks past the baffles 386
and 384, the baffles producing a further metering of the
fluid which produces relatively low fluid forces on the
seals 388 and 383 resulting in reduced wear of the
seals. Wear resulting from tendency of the seals 388
and 383 to move relative to faces with which the seals
are in contact, is reduced by the lubrication provided
by the passages 413 and 415 and relatively low forces
between the surfaces because of relatively low ambient
fluid pressures. Axial forces on the seal being thus
reduced, service life of the seals is increased.

If the fluid pump fails, the tailshaft can be stopped,
the scavenge flow valve closed, and pitch changed by
fluid flow from the emergency hand pump, flow from
which would be fed into the propeller hub to change to
a desired pitch with substantially no fluid leakage past
the dams due to the closed scavenge flow valve. When
the desired pitch is attained, the hand pump is stopped,
the tailshaft is restarted, and the vessel proceeds.

What I claim is:

1. A controllable pitch propeller mechanism having a
generally hollow hub having an axis, blades mounted in
the hub, the hub being adapted to be secured to a
tailshaft of a vessel the hub rotating with the tailshaft;
in combination with the foregoing,

a. a shaft within and co-axial of the hub, and adapted
for axial movement relative to the hub; a piston
and a crosshead mounted on the shaft moving
therewith, the shaft having a bore,
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b. means, within the bore, slidably adapted for for-
ward and aft movement within the bore and rela-
tive to the hub, the movement being responsive to
difference between a force applied to the said
means tending to move it forward, and a force ap-
plied to the said means tending to move it aft, the
means aforesaid remaining in an initial balanced
position stationary with respect to the hub and to
the bore so long as the forces remain equal, the
means including;

b.1. a pilot spool within the shaft bore, a compres-
sion spring bearing against the forward end and
a compression spring bearing against the aft end
applying equal forces to each end of the spool
and centering the spool in a balanced position
within the bore,

b.2. the spool having a recessed central portion
forming lands at opposite ends of the spool,

b.3. a passage extending from the bore to an aft
cylinder space, a passage extending from the bore
to a forward cylinder space, the passages being
closed by the lands when the spool is in the
balanced position,

b.4. means selectively to supply and direct hydraulic
fluid under pressure to either end of the spool so
that there is a difference in force applied to each
end of the spool effecting axial movement as
aforesaid, which movement opens both of the
passages,

b.5. means admitting the hydraulic fluid under pres-
sure to the recessed central portion of the spool so
that, when both of the passages are opened as
aforesaid by movement of the spool, the piston is
urged to move, and with it the shaft and crosshead,
altering the pitch of the blade,

b.6. and means to scavenge fluid displaced by move-
ment of the piston, the means being constructed
and arranged so that, with closing of a valve of the
means selectively supplying and directing the
hydraulic fluid as aforesaid, there is no longer dif-
ference in force supplied to each end of the spool,
and the spool resumes the balanced position at
which both the passages opened as aforesaid are
closed, effectively locking the blade in a changed
pitch position,

€. means responsive to the movement as aforesaid
concurrently to cause the piston, and with it the
shaft and the crosshead, to move axially relative to
the hub through the particular distance, so that in
the new balanced position, the pilot spool has the
same position relative to the shaft bore as in the in-
itial position,

d. means responsive to the movement of the
crosshead through the particular distance to
change pitch of a blade, the means including:

d.1. a propeller blade having a longitudinal axis, a
root, a blade connecting plate at the root, the
connecting plate having a boss,

d.2. the hub having a mid portion with an opening,
and means mounting the blade within the open-
ing for rotation about the longitudinal axis and
providing restraint from force on the blade as
the hub rotates,

d.3. the crosshead having a flat parallel to an inner
face of the plate and perpendicular to the blade
longitudinal axis, the flat having a groove at an
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angle to the shaft axis, adapted for the crosshead
movement to rotate the blade about its longitu-
dinal axis so altering the pitch.

2. A controllable pitch propeller mechanism having a
generally hollow hub having an axis, blades mounted in
the hub, the hub being adapted to be secured to a
tailshaft of a vessel the hub rotating with the tailshaft;
in combination with the foregoing,

a. a shaft within and co-axial of the hub, and adapted
for axial movement relative to the hub; a piston
and a crosshead mounted on the shaft moving
therewith; the shaft having a bore,

b. means, within the bore, slidably adapted for for-
ward and aft movement within the bore and rela-
tive to the hub, the movement being responsive to
difference between a force applied to the said
means tending to move it forward, and a force ap-
plied to the said means tending to move it aft, the
means aforesaid remaining in an initial balanced
position stationary with respect to the hub and to
the bore so long as the forces remain equal,

c. means at each end of the means (b) to apply equal-
ized forward and aft resilient forces when the
means (b) is in the balanced position,

d. means to apply a hydraulic force to either end of
the means (b) when change of pitch is required, so
as to produce an unbalanced force tending to
move the means (b) relative to the bore,

€. means responsive to the movement as aforesaid
concurrently to cause the piston, and with it the
shaft and the crosshead, to move axially relative to
the hub through the particular distance, so that in
the new balanced position, the means (b) has the
same position relative to the shaft bore as in the in-
itial position,

f. means responsive to the movement of the
crosshead through the particular distance to
change pitch of a blade, the means including a
propelier flange secured to the tailshaft forward of
the hub and a fixed rotary seal assembly circum-
ferentially enclosing and co-operating with the
propeller flange, clearance being provided
between the seal and the flange, with means to in-
troduce hydraulic fluid under pressure from the
seal assembly to the flange for operation of the
mechanism the seal assembly having;

a. a bore having ports adapted to be fed with hydrau-
lic fluid under pressure,

b. annular grooves within a sidewall of the bore of
the seal, the grooves communicating with the
ports,

c. passages in the flange, the passages communicat-
ing with the grooves and being adapted to transmit
the fluid through the flange to the hub so as to
apply the force hydraulically to the means (b) as
aforesaid.

3. A combination as defined in claim 1 including, a
rotary seal assembly circumferentially enclosing and
co-operating with the tailshaft, the rotary seal assembly
being adapted to introduce hydraulic fluid under pres-
sure from the seal assembly to the flange for operation
of the mechanism, the seal having:

a. an inner sleeve secured to the tailshaft,

b. a rotary seal flange having an outer sleeve with an
inner surface and at least three radial slots,
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c. adjusting means co-operating with the radial slots
and providing accommodation to eccentricities of
rotation of the tailshaft,

d. pressure ports in the fixed outer sleeve adapted to
receive hydraulic fluid under pressure,

e. annular grooves in the inner surface of the outer
sleeve communicating with the ports,

f. passages in the inner sleeve connecting the annular
grooves with the hub, constructed and arranged to
transmit fluid into the bore of the hub to apply the
said force hydraulically as aforesaid.

4. A combination as defined in claim 1 in which the
propeller has a propeller flange secured to the tailshaft
forward of the hub, and a rotary seal assembly circum-
ferentially enclosing and co-operating with the
tailshaft, including means to introduce hydraulic fluid
under pressure from the seal assembly to the hub for
operation of the mechanism, the means having:

a. an inner sleeve secured to the tailshaft, the inner
sleeve having an outer surface,

a fixed outer sleeve having an inner surface spaced

from the outer surface of the inner sleeve by a

clearance, the outer sleeve having a flange with at

least three radial slots,

c. adjusting means co-operating with the radial slots
and providing accommodation to eccentricities of
rotation of the tailshaft,

. the outer sleeve having inlet ports and outlet ports
connectable to hydraulic pressure supply lines and
scavenge lines respectively,

. the inner sleeve having annular grooves commu-
nicating with the inlet ports of the outer sleeve,
and outlet grooves communicating with the outlet
ports of the outer sleeve, the inlet grooves being
spaced from the outlet grooves,

f. dams provided between the inlet and outlet
grooves, the dams having outer cylindrical sur-
faces separated from the inner cylindrical surfaces
by a clearance gap, constructed and arranged so
that a portion of the fluid entering the inlet groove
from the inlet port enters the hub, a remaining por-
tion of the fluid leaking at a controlled rate
through the clearance gaps between the dams and
the inner cylindrical surface into the outlet
grooves, leaving the rotary seal assembly through
the outlet port.

5. A combination as defined in claim 4 including:

a. seals provided in further grooves in the inner
sleeve between an inner pair of outlet grooves and
at either end of the rotary seal to reduce loss of
fluid from the seal, the further grooves being
separated from the outlet grooves,

b. annular baffles sandwiching the seals, the baffles
having outer surfaces separated from the inner
cylindrical surface by a clearance gap as aforesaid,
the baffles separating the further grooves from the
annular grooves, constructed and arranged so that
a portion of the fluid entering the inlet groove
from the inlet port enters the hub, a remaining por-
tion of the fluid leaking at a controlled rate
through the clearance gaps between the dams and
the inner cylindrical surface into the outlet
grooves, leaving the rotary seal assembly through
the outlet port, and fluid flow from the outlet
grooves across the baffles is at a reduced pressure

b.
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producing low forces on the seals reducing wear of

the seals.
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