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OPERATING MECHANISM FOR ADJUSTABLE
BLADE PROPELLER

Richard B. Willi, Norristown, Pa., assignor to Baldwin-
Lima-Hamilton Corporation, a corporation of Penn-
sylvania

Application June 20, 1955, Serial No. 516,428
10 Claims. (CI. 170—160.32)

This invention relates to power operated means for
adjusting the blade pitch of adjustable blade propellers
such as are used, for example, on ships although the
principles hereof may be applicable to adjustable blade
propellers in other fields.

The problem in connection with adjustable blade
marine propellers is particularly difficult because of the
large propeller blade forces involved and the need for
producing within a relatively small space the necessary
large operating forces to adjust the blades. While vari-
ous mechanisms have been heretofore proposed and used
for effecting such adjustment, yet, they have been deficient
structurally, functionally or economically, or have re-
quired excessive space for housing the operating mecha-
nism.

It has been proposed in certain prior mechanisms to
accomplish compactness by using relatively small operat-

5

Fig. 3 is a transverse section taken substantially on
the line 3—3 of Fig. 1;

Fig. 4 is a perspective of the power transmission assem-
bly of crossheads for converting linear motion into torque
for angularly adjusting the blades;

Fig. 5 is a perspective of one of the auxiliary cross-

" heads;
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ing piston and cylinders actuated by very high operating '

fluid pressures, whereby the small size piston and cylin-
ders allow sufficient room for the relatively large linkages
heretofore used. Such high operating pressures and large
linkages have obvious serious disadvantages.

One object of my invention is to provide power op-
erated mechanism, for adjusting variable pitch propeller
blades, having a high degree of compactness both as to
the power means and the mechanism for transmitting
power to the blades to angularly adjust the same.

A further object is to accomplish a high degree of com-
pactness while at the same time using a high capacity
power means operated by a relatively low pressure.

A still further object is to provide, in a propeller blade
adjusting mechanism of a type employing two crank pins
for each of a plurality of blades, means to insure uniform
loading on each crank pin of each blade throughout all
angular adjustments of the blades regardless of non-
uniform wear or fit of any bearings or parts.

Still another object is to provide an improved power
operated mechanism, for angularly adjusting -propeller
blades, that is relatively simple in construction, operation
and maintenance, considering the complicated nature of
the problem involved, and in which various parts are
reasonably accessible for inspection and repair notwith-
standing the extreme compactness of my device.

Other objects and advantages will be more apparent
to those skilled in the art from the following description
of the accompanying drawings in which:

Fig. 1 is a longitudinal sectional view, taken on the
line 1—1 of Fig. 2, of an adjustable blade ship propeller
embodying one form of my invention in which the blade
adjusting servo-motor has a single main piston and a
multiplicity of auxiliary pistons all arranged for auto-
matic equalization of operating forces, the blades being
only partially shown for simplicity;

Fig. 2 is a transverse section taken on line 2—2 of
Fig. 1 in the direction of the arrows showing the relation
of main and auxiliary crossheads and crank pin slide
blocks to the propeller blades;
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Fig. 6 is a peispective of one of thé crank pin slide
blocks;

Fig. 7 is a longitudinal section taken substantially on
the line 7—7 of Fig. 1;

Fig. 8 is a longitudinal section similar to Fig. 1 but
showing a modified arrangement employing a single main
piston and a single auxiliary piston arranged for non-
automatic equalization of the blade adjusting forces;

Fig. 9 is a longitudinal section similar to Fig. 1 of
another modification employing automatic equalization
of the blade adjusting forces and means to automatically
compensate for a variable fluid volume within the pro-
peller hub, as well as other details of a distributing valve
construction;

Fig. 10 diagrammatically illustrates mechanical instead
of hydraulic operation of the crossheads;

Fig. 11 is a longitudinal section generally similar to
Fig. 1 but showing a modified arrangement whereby the
blades may be relatively angularly adjusted to insure a
uniform pitch for all blades, this section being taken as
though the elements 122 and 124 on the front side of
Fig. 12 were removed and the body 120 of the main
crosshead sectioned; and -

Fig. 12 is a partial diagrammatic perspective showing
the main crosshead divided into separate portions for
allowing individual pitch settings of the blades and also
shiowing the auxiliary crossheads.

For purposes of illustration, I have shown a ship pro-
peller hub 1 having any suitable number of radially dis-
posed blades 2 shown specifically as four in number and
which are broken off for simplicity of illustration. Each
blade projects from a circular base 3 which is journalled
in a suitable hub recess 4 and secured therein in any
desired manner. The form shown herein will constitute
the subject matter of another application of mine to be
filed and, hence, it will suffice to briefly state here that
each blade has a threaded shank 7 and an internally
threaded crank pin ring 8 while a sleeve 9 has internal
threaded engagement with the shank threads and external
threaded engagement with the threads of crank ring 8.
These two sets of threads are of different pitch so that
relative adjustment thereof permits the blade disk 3 to be
properly adjustably seated and held in the recesses 4
against a hub flange 10. The crank ring is then suitably
secured in fixed relation to the blade.

To angularly adjust the blades each crank ring 8, Fig. 2,
has two inwardly projecting diametrically disposed crank
pins 12 and 13. To operate the crank pins there is pro-
vided a power operated servo-mechanism preferably of
the piston and cylinder type generally indicated. at 14,
and a reciprocating type power transmitting assembly
generally indicated at 15 for connection to the crank
pins for converting reciprocating motion into torque.
‘The servomechanism comprises a main piston 16 of rela-
tively large diameter whose cylinder 17 is a screw
threaded extension of the propeller hub 1. ' The main
piston has a piston rod 18 extending through a radial hub
partition 12 with a suitable packing gland 20 and carrics
a preferably integrally formed main crosshead 21 which
is guided at its other end by a tail rod 22 slidably sup-
ported within the propeller shaft 23. This propeller shaft
is secured to the power hub by a series of usual cap
screws 24. The partition forms a cavity in the end of
the hub shaft 23. :

The servo-mechanism also includes four auxiliary pis-
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tons 25 symmetrically arranged around the propeller hub
axis as shown in Fig. 3, the auxiliary cylinders 26 being
formed as a part of the partition 19 which serves as the
rear cylinder head for the auxiliary pistons. The other
end of the cylinders 26 have open communication with
the cylinder of main piston 16 whose left end is closed
by a cylinder head 27. The main piston rod 18, as
shown in Fig. 3, extends axially through the structural
area 28 which commonly joins the auxiliary cylinders.
Each auxiliary piston has a piston rod 29 extending
through suitable packing glands in partition 19 for con-
nection to individual auxiliary crossheads 30. These
auxiliary crossheads 36 are respectively stidably supported
in four auxiliary crosshead guideways 31 formed in each
side of the main crosshead block 21. Each guideway 31
consists of an inclined surface 32, vertical surfaces 33
and 34 and horizontal surfaces 35 and the auxiliary cross-
heads have complementary mating surfaces. The guide-
ways are offset from the transverse center links of cross-
head block 21 so as to provide side surfaces 36 of sub-
"stantial area on each of the four sides of the crosshead.
Thus far it is seen that the main crosshead 21 is re-
ciprocated by the main piston 16 and the auxiliary cross-
heads 30 by the auxiliary pistons 25. To convert the
reciprocating power of the crossheads to torque applied
to the crank pins for angularly adjusting the propeller
blades, there is provided for each blade, two crank pin
slide blocks 38 and 39 disposed respectively in a recess
49 of auxiliary crosshead 30 and a recess 41 in the side
surface portion 36 of the main crosshead. The blocks
38 and 39 slide in recesses 40 and 41 in directions trans-
verse to the axis of reciprocation of the main crosshead.
Esach slide block 38 and 39 has crank pin openings 42
and 43 to receive the diametrically opposed crank pins
12 and 13 of a given blade. This arrangement of crank
pin slide blocks is duplicated on each of the four sides of
the main crosshead thereby providing operating connec-
tions for the crank pins of each of the four blades.
Operation.—To rotatably adjust the blades fluid pres-
sure from a suitable external source is admitted, for ex-
ample, to a passage 45, Fig. 1, formed by sleeves 46
and 47 and thence through a port 48 to a common cham-
ber between the right side of main piston 16 and the left
of auxiliary pistons 25 while the opposite sides of these
pistons are connected by passages 49 and 50 to a suit-
able exhaust connection thereby moving the pistons away
from each other, or in the event that it is desired to move
the pistons toward each other the supply and exhaust
connections are reversed. As the main and auxiliary pis-
tons move in opposite directions, the main crosshead and
auxiliary crossheads are similarly moved to transmit
torque te the crank pins through their slide blocks 38
and 39. As the blades rotate the crank pin slide blocks
38 and 39 will move, crosswise of the main crosshead,
within guideways 40 and 41 to compensate for the change
in angular position of the crank pins during rotation of
the propeller blades. When the main piston and auxil-
iary pistons move they are subjected not only to a com-
mon operating pressure which insures equalized piston
forces, but also by having each auxiliary piston indi-
vidually connected to its own blade there is complete
equalizing of forces on all of the crank pins even though
one crank pin may wear more than another in the course
of use or may have a different initial fit or a different
length connecting rod. The main crosshead by com-
monly positively interconnecting all of the blades through
slide blocks 39 and one crank pin on each propeller
blade insures that the blades will be kept in their proper
relative angular positions throughout all blade adjust-
ments. It will be understood that the effective area of
the main piston is approximately equal to the effective
areas of the auxiliary pistons in either direction of move-
ment. ’
Thus it is seen that T have provided an extremely com-
past blade adjusting mechanism that can produce the
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necessary degree of operating force with relatively low
pressure and at the same time automatically insure com-
plete equalization of forces on the crank pins thereby
avoiding excessive strains and wear on the operating
parts. This insures long life and minimum maintenance
and allows a high degree of known stress distribution
throughout the structural parts which permits maximum
effective use of a minimum amount of material without
any sacrifice in ruggedness or reliability.

Fig. 8.—In this arrangement only a single auxiliary

pistoen 46’ is used, disposed coaxially with and opposed
to the single main piston 47’ and slidably mounted on
the main piston rod 18. There are four auxiliary piston
rods such as 48’ connected to the single piston 46’ and
respectively to the four auxiliary crossheads 30. While
this arrangement does not utilize the -equalization of the
operating forces between the various propeller blades
and their operating element as is the case with the inde-
pendently operable multiple auxiliary pistons, yet, there
is still retained the major desirable advantages and prin-
ciples of compactness by utilizing the reciprocating main
and auxiliary crosshead assembly. The construction and
operation of this arrangement is otherwise the same as
for Fig. 1.
Fig. 9.—This arrangement is generally the same as that
of Fig. 1 except that a fluid distributing valve for the
servo-mechanism is built into the latter in a novel man-
ner and means are provided to compensate for volumetric
changes occurring within the propeller hub during re-
ciprocation of the main crosshead and of the piston rods
moving either inwardly or outwardly of the hub cavity
which produces a differential volume therein. This ar-
rangement also has the advantage of permitting left and
right hand counter-revolving propellers to be made by
using interchangeable parts for either left or right hand
rotation. In addition the construction is very economi-
cal, Other features will be also apparent from the de-
scription.

The main piston and auxiliary pistons are given the
same reference numbers as in Fig. 1 inasmuch as their
relationship to each other and to the main and auxiliary
crossheads is the same as previously described. How-
ever, the main piston rod 59’ terminates in a threaded
connection 51 within the main piston while a distributing
valve mechanism generally indicated at 52 is mounted on
the other side of the piston. This valve consists of a
casing 53 removably connected by cap screws 54 to the
main piston 16 and moves axially as a unit therewith.
The bore of the valve casing has a reciprocable three-
spool valve element 55. A stop collar 56 is threadedly
connected to the end of the valve element 55 to limit
right hand movement thereof by abutting the end of the
casing 53 and left hand movement by abuiting a cover
57 for the valve casing. The chamber within the cover
is vented by a passage 57’ communicating with one side
of the main cylinder. The distributing valve mechanism
is enclosed within the left hand fiuid pressure space of
main cylinder 59 by reason of a cylinder head portion 58
projecting axially from and secured to the main cylin-
der by cap screws 60. To have ease of accessibility to
the main and auxiliary cylinders the casting for the main
cylinder 59 and the auxiliary cylinders 61 are formed as
separate units, held in axial and angular alignment with
respect to each other and to the propeller hub by a series
of dowel pins 62 and 63 while cap screws 64 also hold
the two cylinder units together. However, the two cylin-
der units are tightly secured to the propeller hub by a
frustum of a conical shell 65 which has an inwardly
projecting annular flange 66 seated axially against a flange
67 on the main cylinder unit 59. The inner end of this
encompassing shell has threaded engagement 70 with the
propeller hub. Suitable wrench holes 71 permit rotation
of this shell to tightly pull the flange 67 against the
auxiliary cylinder casting 61 which in turn is firmly held
against the end of the propeller hub 71’. A conical clo-
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sure ¢ap 72 has threaded engagement 73 with the end
of the main cylinder casting 59 thereby forming a smooth
continuation for the entire hub contour. :

The movable valve element 55 is formed on the end
of an axially shiftable rod 75 which extends through the
propeller shaft to be operated externally thereof by a
suitable mechanism not shown herein as it does not con-

stitute a part of my present invention. It will suffice to

‘state that the valve rod has an interior operating fluid

. Ppassage 76 terminating within the distributing valve and

is spaced inwardly of the hollow piston rod 59’ to pro-
vide an exhaust passage 77 conmnected to usual pump
sump.

To provide a left hand propeller, it is only necessary
to use a main crosshead 21 with its auxiliary crosshead
guideways located to the left of the longitudinal axis
instead of to the right as in Fig. 4, looking down on the
top of Fig. 4. With this left hand arrangément the
main crosshead blocks 39 and auxiliary crosshead blocks
38 will now be connected to the crank pins oppositely
to those of Fig. 4. This left and right hand arrange-
ment insures equal angular displacement of the counter-
revolving blades for a given displacement in the same
direction of the valve elements 55, one for each propeller.
In shifting the auxiliary crossheads to the left side of
the main crosshead the auxiliary pistons and their rods
must be angularly shifted by the same amount. To do
this, dowel pins 62 are disposed in other holes provided
for this purpose. This angular positioning of the auxil-
iary cylinders is readily accomplished by reason of the
auxiliary cylinder casting being separate from the pro-
peller blade hub and being held thereto by the encompass-
ing threaded shell 65.

Operation, Fig. 9—To move simultaneously main pis-
ton 16 to the right and auxiliary pistons to the left, rod
75 and its valve element 55 are moved to the right where-
by the right hand spool 78 of the valve uncovers an
annular passage which communicates by radial ports
79 directly with the left end of main cylinder 59. Op-
erating pressure fluid thence flows from passage 76
through ports 80 and 79 to act on the left side of pis-
ton 16 and simultaneously this pressure fluid flows from
the main cylinder through the passages 49 previously
described for Fig. 1 to the right end of the auxiliary
pistons. Fluid from the common cylinder chamber be-
tween the main and auxiliary pistons is exhausted through
passages 81 and 82 past the left side of the middle valve
spool 83 and around the annular space between this
spool and the last spool 84 to a passage 85 which com-
municates with exhaust passage 77. Inasmuch as the
valve casing is secured to the main piston to move there-
with there is a follow-up action between the valve cas-
ing and valve element which will cause the valve spools
to shut off the fluid flow if the valve rod 75 is held after
any given adjustment is made. If the valve stem is con-
tinuously moved in the direction in which the main pis-
ton is moving then the valve casing will not overrun the
valve spools and accordingly the main piston will con-
tinue to follow movement of the valve element. Con-
versely when it is desired to move the main and auxil-
iary piston away from each other the valve rod 75 is
moved to the left.

Volume compensating means, Fig. 9—The interior
of the propeller hub is filled with oil for lubrication of
the crossheads and other moving parts but the volume
of the hub cavity varies with movement of the auxiliary
piston rods 29 inwardly and outwardly of the cavity. To
compensate for this variation a compensating cylinder
87 is formed on the main piston rod 50’ to move there-
with and a stationary piston 88 is formed on sleeve 89
secured to the rear wall 90 of the hub, this sleeve extend-
ing through suitable packing 91 and having a reduced
guiding sleeve 92 guided in the main piston rod. The
cross sectional area of slesve 89 is not quite equal to
that of main piston rod 50’ so that as cylinder 87 moves,
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say, to the right with the main piston an increasing vol-

umetric effect is produced within the hub cavity and in
a direction to partially counteract the increasing displace-
ment caused by the auxiliary piston rods moving out of
the hub cavity but the remaining difference is made up
by the net cross sectional area of cylinder 87. For in-
stance, as the main piston moves to the right fluid with-
in the compensating cylinder 87 is displaced through a
port 93 and thence through a longitudinal space 94
formed within one of the main slide blocks communicat-
ing with the hub cavity thereby making up any differ-
ential volume that is needed. Simultaneously fluid is
supplied to the other end of the compensating cylinder
87 from a usual pump sump (not shown) through pas-
sages 95, 77, and port 96. When the main piston moves
to the left and the auxiliary pistons to the right the com-
pensating cylinder 87 is enlarged whereby the decreas-
ing volumetric change within the hub forces fluid back
into cylinder 87 as it expands and fluid is also forced out
of the rear end thereof through passages 77 and 95. If
for any reason, during operation, an excess amount of
fluid should gain admission to the hub cavity, such as
through some of the packing glands, whereby the differ-
ential piston rod action would produce an excessive pres-
sure within the hub, this pressure may be relieved through
passages 98 connecting the hub cavity with the exhaust
or return oil passage 95. ‘A suitable relief valve 99 in-
sures that fluid can be discharged from the hub only if
a predetermined pressure is developed thereby insuring
that the hub cavity will always be maintained full.

Modification of Fig. 10.—The power mechanism for
operating the main and auxiliary crossheads is prefer-
ably of the hydraulic piston and cylinder type servo-
mechanism but mechanical power means, which broadly
constitute a servo-motor mechanism, may be also em-
ployed. One form of such mechanism comprises a ro-
tatable shaft 110 disposed within the propeller shaft and
extending through a main crosshead rod 111. Left and
right hand threads 112 and 113 have engagement respec-
tively with the interior of the main crosshead rod 111
and with a single member 114 which corresponds to the
single auxiliary piston 46’ of Fig. 8, with its four pis-
ton rod connections 29 to the auxiliary crossheads 39.
The screw shaft 110 will be suitably rotated in either
direction by means located externally of the propeller
shaft but not constituting a part of my present invention.
The screw shaft is suitably held against axial movement
by a thrust bearing generally indicated at 115. Rotation
of the screw in either direction moves the main and
auxiliary crossheads toward or away from each other to
reversely adjust the blades in the same manner as for
the other forms heretofore described.

Fig. 11 modification~In this arrangement the main
crosshead is divided into a body portion 120 connected
to the single main piston 121 and adjustable portions 122
which are longitudinally slidably supported on each of
the four sides of the body 128. Each one of the adjust-
able portions 122 is connected- to one of the crank pins
of each blade by the use of slide blocks such as 39 of
Fig. 4. For ease of understanding, elements in Fig. 11
corresponding to Figs. 1 and 4 are given the same ref-
erence numbers. Fach adjustable portion 122 is pro-
vided with rods 123 which extend forwardly for con-
nection to the single piston 121, in a manner to be de-
scribed presently, whereby the adjustable portions 122
are normally held in fixed relation to the main cross-
head body 120 so as to operate as an integral unit there-
with the same as in Fig. 4. The auxiliary crossheads
124, Fig. 12, are similar in their operation to the auxil-
iary crossheads 30 of Fig. 4 except that their individual
piston and cylinders 124’ are disposed at the right end
of the hub and connected by rearwardly extending pis-
ton rods 125. This rearward location of auxiliary pis-
ton and cylinders is necessary because of the space re-
quired for rods 123,
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Automatic equalization of the operating forces for
angularly adjusting the blades is also obtained in this
modification by having the right side of main piston 121
communicating through a pipe 126 with one of the auxil-
iary cylinders which in turn suitably communicates with
the other auxiliary cylinders through ports (not shown)
which may extend through the common walls of adja-
cent cylinders such as shown in Fig. 3. The left side of
main piston ¥21 communicates through a passage 127
with the right side of the auxiliary pistons which on this
side have common communication with each other
through an annular passage 128. A valve 129 controls
supply of operating fluid to and exhaust of fluid from
the main piston and cylinder 121 and the auxiliary cyl-
inders through passages 130 and 131.

In order to obtain a uniform pitch setting for all of
the blades, bushings 132 are threaded on the outer ends
of the rods 123 and are also externally threaded in a
snitable boss 133 of the main piston 121. The external
and internal threads of the bushing are of different pitch
so that upon removal of a lock nut 134 the bushing may
be rotated whereby the differential thread action causes
the rod 123 to be moved longitudinally relative to the
main piston 121 and accordingly longitudinally shift its
adjustable main crosshead portion 122. The blade which
is connected to this adjustable crosshead portion through
its crank pin will accordingly be angularly adjusted rela-
tive to the other blades. When all of the blades have a
uniform pitch setting, through adjustment of their in-
dividual crosshead portions 122, the lock nuts 134 for
each rod can then be secured in position to hold the pitch
setting. Thereafter, the blades will be simultaneously
adjusted by operation of the main and auxiliary pistons
in the manner previously described for Fig. 1 and others.
It will be understood that the auxiliary crossheads 124
and the adjustable main crosshead portions 122 are slid-
able on suitable guideways generally indicated at 135,
Fig. 12.

From the foregoing disclosure of the several modifi-
cations it is seen that I have provided an extremely com-
pact yet powerful operating mechanism for adjusting the
propeller blades, this compactness being accomplished
without sacrificing the effective accessibility to the operat-
ing parts for inspection, maintenance, repairs or replace-
ment of parts.

It will, of course, be understood that various changes
in details of construction and arrangement of parts may
be made by those skilled in the art without departing
from the spirit of the invention as set forth in the ap-
pended claims.

I claim:

1. An adjustable blade propeller having a hub and
angularly adjustable blades journalled therein, a pair of
crank pins secured to each of said blades for angularly
adjusting the blades, a main crosshead connected to one
crank pin of each blade, a plurality of auxiliary cross-
heads conunected respectively to the other crank pins of
the blades, and power mechanism for simultaneously
moving the main and auxiliary crossheads to angularly
adjust the blades and the power mechanism having pro-
vision for allowing the auxiliary crossheads to have move-
ment relative to each other to equalize the adjusting
forces on the crank pins.

2. An adjustable blade propeller having a hub and
angularly adjustable blades journalled therein, a pair of
crank pins secured to each of said blades for angularly
adjusting the blades, a main crosshead connected to one
crank pin of each blade, a plurality of auxiliary cross-
heads connected respectively to the other crank pins of
the blades, power mechanism for simultaneously moving
the main and auxiliary crossheads to angularly adjust the
blades, said power mechanism including a single fiuid op-
erated main piston and cylinder connected to the main
crosshead for reciprocating the same and a plurality of
individual auxiliary piston and cylinder units con-
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nected respectively to the auxiliary crossheads, and
means for supplying operating fluid under a common
pressure to the auxiliary cylinders whereby the auxiliary
pistons act individually on the auxiliary crossheads to
maintain equalized forces on their crank pins throughout
adjustment of the blades.

3. An adjustable blade propeller having a hub and
angularly adjustable blades journalled therein, a pair of
crank pins secured to each of said blades for angularly
adjusting the blades, a main crosshead connected to one
crank pin of each blade, a plurality of auxiliary cross-
heads connected respectively to the other crank pins of
the blades, power mechanism for simultaneously moving
the main and auxiliary crossheads to angularly adjust
the blades, said power mechanism including a single
fluid operated main piston and cylinder disposed coaxially
of the axis of hub rotation and connected to the main
crosshead for reciprocating the same and a plurality of
individual auxiliary piston and cylinder units connected
respectively to the auxiliary crossheads and being- dis-
posed circumferentially about the runner hub axis of ro-
tation laterally therefrom.

4. An adjustable blade propeller having a hub and a
plutality of angularly adjustable biades journalled there-
in, each blade having a pair of crank pins, a hydraulically
operated servo-motor mechanism having oppositely mov-
able power elements operatively connected respectively
to the crank pins of each blade so that the blades are
rotated upon opposite movement of the power elements,
the power elements that are movable in one of said di-
rections being free to move relative to each other so as
to effect equalization of all operating forces acting on
the blades to angularly adjust the same.

5. An adjustable blade propeller having a hub adapted
for connection at one end to a shaft and angularly ad-
justable blades journalled in said hub adjacent to the
shaft end thereof, means forming a cavity within said hub
adjacent said shaft end thereof and having a transverse
partition toward the other end of the hub, a plurality of
cylinders and pistons disposed laterally of each "other
on the side of said partition toward said other end of the
hub and having piston rods extending through said parti-
tion for connection to the blades to angularly adjust the
same upon reciprocation of the pistons, said plurality of
cylinders and pistons being disposed with their axes
laterally offset from each other, one of said piston rods
hdving an axial bore and being disposed coaxially of the
axis of rotation of the runner hub, and a valve for dis-
tributing operating fluid to said cylinders including a
valve casing connected to one of the pistons to move as a
unit therewith, and a valve element disposed within said
casing {0 confrol the distribution of the operating fluid.

6. An adjustable blade propeller having a hub adapted
for connection at one end to a shaft and angularly ad-
justable blades journalled in said hub adjacent to the
shaft end thereof, means forming a cavity within said
hub adjacent said shaft end thereof and having a trans-
verse partition toward the other end of the hub, a plu-
rality of cylinders and pistons disposed on the side of
said partition toward said other end of the hub and having
piston rods extending through said partition for connec-
tion to the blades to angularly adjust the same upon re-
ciprocation of the pistons, the movement of certain of
the piston rods inwardly and outwardly of the hub cavity
producing a variation in the volume of the cav1ty, and
means providing a fluid space whose volume varies in-
versely to that of said volumetric variation of the cavity
so as to maintain a total combined volume of said cavity
and space that is substantially constant, said cavity and
space being in communication with each other and being
completely filled with hydraulic fluid at all times and
yet compensated for variations in the volume of the
cavity.

7. An adjustable blade propeller having a hub adapted
for connection at one end to a shaft and angularly ad-
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justable blades journalled in said hub near the shaft end
thereof, means forming a cavity within the shaft end of
said hub including a transverse partition toward the other
end of the hub, said cavity being completely filled at all
times with hydraulic fluid, a main piston and cylinder
supported by said hub disposed coaxially of the axis
runner rotation and having a piston rod extending through
said partition into said cavity, a plurality of auxiliary
cylinders and pistons having piston rods also extending
through said partition into said cavity, means for con-
necting all of said rods to the blades for rotatably ad-
justing the same, means for compensating for a variable
volume of said cavity by reason of said auxiliary piston
rods moving inwardly and outwardly of the hub cavity,
said compensating means including piston and cylinder
elements one of which is connected to one of the piston
rods and the other of which has connection with the hub
so that upon movement of the piston rods the volume of
the compensating cylinder is enlarged or decreased to
cause its volume, taken with the volume of the hub cavity
at any given position of the piston rods, to be substan-
tially constant, and means for allowing communication
between said compensating cylinder and the hub cavity
whereby the hub cavity may be completely filled with
fluid at all times.

8. An adjustable blade propeller having a hub adapted
for connection at one end to a shaft and angularly ad-
justable blades journalled in said hub, an auxiliary cyl-
inder unit supported against the other end of said hub
and having auxiliary cylinders laterally offset from each
other, a main cylinder unit supported against the end
of said auxiliary cylinder unit, a shell encompassing said
cylinder units and connected to the runner hub to exert an
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axial force on said cylinder units to hold them in position,
and pistons disposed in said cylinders and having piston
rods connected to the runner blades for angular adjust-
ment thereof, whereby said pistons and cylinders are
accessible by removal of said encompassing shell.

9. The combination set forth in claim 1 further. char-
acterized in that the main crosshead comprises two por-
tions normally connected together to move as a unit and
to one of which the main crosshead crank pins are con-
nected, and means for relatively moving said portions so
that the blades may be individually adjusted to effect a
uniform pitch setting for all blades.

10. The combination set forth in claim 1 further char-
acterized in that the main crosshead comprises two
portions normally connected together to move as a unit
and to one of which the main crosshead crank pins are
connected, means for relatively moving said portions so
that the blades may be individually adjusted to effect a
uniform pitch setting for all blades, and the power mech-
anism for simultaneously moving the main and auxiliary
crossheads to angularly adjust the blades having pro-
vision for imparting equalized operating forces to all of
the crossheads regardless of the relatively adjusted posi-
tions of the two portions of the main crosshead.
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