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28 Claims.

This invention relates to improvements in con-
trollable pitch aeronautical propellers and has
particular reference to g hydraulically operated
controllable pitch propeller which may be
feathered,

An object of the invention resides in the pro-
vision of a propeller of the character specified
which has a normal operating range and a feath-
ering range beyond the normal operating range.

A further object resides in the provision of a
propeller of the character specified which may be
controlled in its operating range and put into
and brought out of its feathered condition by
changing the pressure of the hydraulic fluid sup-
blied to the controlling mechanism of the pro-
peller. ’

and Murray C. Beebe, South

assignors to United Afr.
craft Corporation, East Hartford, Conn., a cor-
poration of Delaware )

Application June 12, 19317, Serial No. 147,972
(CL 170-—-163)
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A still further object resides in the provision

of a propeller of the character specified which
may be positively put into and brought out of its
feathered condition by the application of hy-
draulic fluld under pressure to the propeller
operating mechanism.

An additional object resides in the provision
of a propeller of the character specified which

may be controlled in its normal operating range, -

20

feathered, and brought out of feather by the ap- .

blication of hydraulic fluid at different pressures
through a single hydraulic fluld supply line lead-
ing to the propeller operating mechanism.

Other objects and advantages will be more par-
ticularly pointed out hereinafter or will become
apparent as the description proceeds.

' In the accompanying drawings, in which like . -

reference numerals are used to designate similar
parts throughout, there is fllustrated a suitable
mechanical embodiment of what is now consid-
ered to be the preferred form of the invention,
The drawings, however, are for the purpose of
Hustration only and are not to be taken as lim-
iting the invention the scope of which is to be
measured entirely by the scope of the appended
claims. .

In the accompanying drawings

Fig. 1 is an elevational view of s fragmentary
portion of an engine and aeronautical propeller
and a schematic illustration of means for supply-
ing and controlling the supply of hydraulic fluid
to the propeller.

Fig. 2 is an elevational view of an improved
controllable pitch feathering type propeller con-

30
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range of pitch adjustment, and hydraulic fluid
under pressure is being admitted to Increase the
pitch. ‘

Fig. 3 is a somewhat schematic and expanded
illustration on an enlarged scale of the propeller
included mechanism for controlling the appli-
cation of the hydraulic fluid and ilustrates the
positions of the parts when the propeller is in its
normal operative range of pitch adjustment as
shown in Fig. 2, and hydraulic fluld is being
drained to allow centrifugal force to reduce the
pitch.

Fig. 4 is a view similar to Fig. 3 and shows the
positions of the parts when the propeller is at the
upper limit of its operative range of pitch ad-
Justment or is in transition between its ordinary’
operating range and the blade feathering range
of pitch adjustment. : '

Fig. 5 is a view similar to Figs. 3 and 4 and
shows the positions of the parts when the pro-
peller is being brought out of its feathered con- ]
dition and, ;

Fig. 6 is a cross-sectional view taken on.the
line 6—8 of Fig. 2. . ,

" Referring to the drawings in detail and par-
ticularly to Fig. 1 the numeral 19 generally in-
dicates a suitable propeller driving engine pro--
vided with a hollow power shaft or crank shaft
{2 rotatably supported in the engine casing by
suitable means such as the ‘ant{-friction ball-
bearing (4 and brojecting from the engine to

. support and drive an aeronautical propeller gen-

erally indicated at 186. : )
In the case of a geared engine, as illustrated in

Fig. 2, a propeller shaft 171 is telescopically asso- ‘

clated with the end of the crank shatt and is

~_driven thereby.

40
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structed according to the idea of this invention,

certain portions being broken away and shown
n section to betier illustrate the construction
thereof, and showing the positions of the parts
when the propeller is in its normal operative

The propeller 16, which constitutes the main
portion of the subject matter of this invention,
and which will subsequently be described in
greater detail, is a controllable pitch propeller
adapted to be used with a speed responsive device
to provide a constant speed engine propeller com-
bination, and is actuated in at least one direc-

o tion by a suitable hydraulic mechanism to which

hydraulic fluid is supplied from ‘any suitable
source of hydraulic fluid under pressure. In
most installations pressure is applied to the hy-
draulic fluid by a suitable mechanism driven by
the engine, and a suitable sump or reservoir is
brovided for recelving hydraulic fluid drained
from the propeller operating mechanism.,

_ In the arrangement illustrated in Fig. 1 a speed
responsive device, such as the centrifugal gov-
ernor 18, iIs provided and is driven by the en-

[ R —
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gine through 2 sultable driving connection 26

to control the supply of hydraulic fuid under

pressure to the propeller controiling mechanism.

~ 'The governor,
design, may be manually controlled by & suitable
device, such as s generally indicated at 22, to
vary the governed speed.

Fluid under pressure may be supplied from
any suitable source and in the arrangement ii-
lustrated in the drawings is supplied by a suitable
engine driven mechanism such as the pump 24
and is led from the pump through & suitable
conduit to a governor operated valve, the con-
struction of which is well-known o the art, and
from the governor operated valve, through suit-
able conduits and channels, to the propeller con-
trolling mechanism. .

In ihe construction ilustrated, the hydraulic
fluid, which may be engine lubricating oil or any
other suitable fluid, is led from the governor
controlled valve through the conduit 26 to a suit-
ahle pressure responsive . valve, generally indi-
cated at 28, and from the valve 28 through =2
conduit or channel 36 to the interior of the hollow
power shaft {2 through & suitable bearing con-
nection or slip ring 32. The valve 28 may be in-
corporated in the governor base or in some con-
-venient fixed portion of the engine if desired.
The shaft 12 contains two concentric tubes 24 and
36 of different diameters and the space within
the shaft surrounding the outer tube 38 or be-

. tween the shafis {2 and {Tina geared engine, Is
‘blocked upon the rear side of the connection 32,
as indicated at 38, so that the hydraulic fuid
forced inte the shaft flows through the channel
‘between the interlor of the outer shatt and the
drain tube 36 or inner shaft, to the propeller con-
trolling mechanism. Hydraulic fluid under the
control of the governor controlled valve may

move to and from the propeller through this «

channel as the valve connects the chennel with
the pump 24 or with the drain 88,  The space
between the tubes 34 and 38 constitutes a drain
line which continues past the plug §8 and empties
into the sump, generally indicated at 48, by mesans
schematically shown as & conduit 37. The sump
40 itself, or & container connected therewith,
constitutes & reservoir from which the hydraulic
fluid 15 drawn by the pump 24 to supply the

. propeller controlling mechanism.

. The pump 24, which may, if desired, be 2s-
sisted by one or more booster pumps located in
favorable positions along the fluid-line leading
from the pump 24 to the shaft 12, for example

in the governor base, supplies hydraulic fluld to .

the propeller controlling mechanism at a sub-
stantially constant pressure, the pressure used in
some installations being in the nelghborhood of
200 pounds to the square inch. This pressure
range will be hereinafter referred to as the work-
-ing pressure. :

In carrying out the idea of this invention

which may be of any well-known .
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The velve 28 is provided interiorly thereof
with & holiow cylindrical part 47, provided with
ports 48 and 5§82, the ports 48 being located in the
side of the part 41 on the valve outlet side of the
valve diephragm 52, while the port 59 is located
in the end of the cylindrical part on the inlet
side of the valve diaphragm 52. A plunger or
piston member 54 is siidably mounted in the in-
terior of the cylindricel part 47 and is urged, by
suitable means such as the coil spring 56, to &
position in which it closes the port 56.

When the auxiliary pump 42 is inoperative, hy-
draulic fivid fows from the pump 28 through the
governor controlled valve, the conduit 26 and
-entrance aperture 58, to the interior of the cylin-
drical part 47 from which it discharges through
the ports 48 into the outlet chamber of the valve
28 and Aows from there through the conduif $8
to the connection 32, When the suxiliary pump
82 is operative o apply pressure to the hydraulic
fluid greater than the working pressure, the piston
member 54 is forced to the left, as viewed in Fig.
1, against the action of the spring §6, to & posi-
tion in which the port 80 is connected with the
ports 48 through the interior of the cylindrical
member 41, end the entrance aperture 88 for hy-
draulic fluid at the working pressure is complete-~
iy cut off from the ports 83 and 48 and the high
pressure fluid. The hydraulic fluid will- then
flow from the outlet of the pump 42 through the
conduit 48 to the inlet chamber of the valve 28,
¢hrough the ports 50 and 48 o the outlet chamber
.of the valve and thence through the conduit 38 to
the connection 32 and into the interior of the hol-
low power shaft. The spring 56 has & rate such
thet the plunger B4 will not be moved to con-

 nect the port 50 with the ports 48 until the pres-

.60

sure exerted by the pump 42 exceeds the working
pressuze by 2 preselected amount.

" The suxiliary pump 42 is effective to apply
pressure to the hydraulic fluid in-ab least two
ranges sbove the working pressure. In some in-
stellations the lower pressure applied by the
gsuxilary pump is in the neighborhood of 300

_pounds to the square inch, which pressure range

will he hereinafter referred to as the feathering
high pressure. In the same instellations the sec-
ond pressure range imposed by the aguxiliary
pump 42 may be in the neighborhood of 6060
pounds tc the square inch, which pressure range
will hereinafter be referred to as the restoring
high pressure. ’

The controllabie pitch propeller 1§ is illus-
frated in detail in Figs. 2 to 6 inclusive. In the
construction illustrated & hub member 8§ is
mounted upon the projecting end of the hollow

~ power shaft {2 or propeller shaft 17 and suitsbly

Hi)

means have been provided for supplying hy-

draulic fluld to the propeller at pressures other

than the working pressure, for purposes which .
will presently appear. Such means may take the

form of an auxiliary pump, generally indicated
at 42, which may be either manually actuated,
or power actuated under manual control. This
.auxiliary pump #2 has Its inlet connected by
means of & suitable conduit 44 with the sump or
reservoir &0, and its outlet connected by & similar
.conduit 86 with the valve 2§ which Is in turn
connected by the conduit 38 and the connection
32 with the interior of the outer shaft 12 or 1.

70

73

secured thereon against both axial and rotational
movements with respect to the power shaft. The
bub member is provided with & plurality of hol-
low radially extending arms; as indicated at 82,
and upon each of these arms there is mounted
o propeller blade, as indicated at 64, supported
for rotating or oscillating movements sbout the
axis of the respective arm. A sleeve, as indicated
at €8, is disposed between the hollow base or root
portion of each of the propeller blades and the
respective arm on the hub member, the sleeves
being inserted in the propeller blades in such a
manner that they are relatively immovable with
respect thereto, Each of the slesve members (1]
has & flange portion, as indicated at 68, extend-
ing between the inner end of the respective pro-
peller blade 64 and & sultable bearing surface
provided on the adjacent portion of the hub

e —————————————
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member 80. A ring member 10 surrounds each
-of the flanges 68 and Is resiliently connected
therewith against relative rotation, and is pro-
vided at one side thereof with a gear sector as
indicated at 12.

The propeller blades ars retained upon the hub
member §0 by a suitable barrel member 14, pref-
erably formed in two portions and secured to-
.Bether by suitable means such as the clamp bolt
18. The barrel member 14 is provided with in-
wardly turned portions which overlie the flanged
base ends of the Propeller blades, suitable anti-

10

friction means being interposed between the in- -

wardly turned portions of the barrel member and
the flanged ends of the propeller blades, in a
manner well-known to the art, to provide for
relatively free rotation of the propeller blades
about the respective arms 82, Suitable packing
means, as indicated at 78 and
between the barrel member 14 and the hub mem-
ber 88, and the barrel member and the base por.
tlons of the propelier blades §4, to constitute the
barrel member 14 3 jeni proul receptacle for the
reception of hydraulic fiuid frem the .propeller
operating mechanism, = - i

The gear sectors 12 on the ring members 12
have gear teeth inclined at an angle to the gxis
of rotation of the bropeiler, which mesh with sim-
llarly disposed gear teeth on a ring gear 82 in-
tegrally assoclated with a cylindrical member 84
provided with spiral or diagonal cam siots 88.
The cylindrical member 84 is rotatable in a rela-
tively fixed cylindrical member 88 provided with
spiral or diagona} cam slots 90 inclined in a di-
rection opposite to the direction of inclination
of the cam slots 88. The member 88 is rigidly
secured to the barrel member 74 by means of the
radially extending flange 92 thereon which has s
peripheral screw threaded and shouldered en-
gagement with the inner end of the cylindrical
dome shaped cover member
to the barrel member by the nut 98 and locking
screws 88. Preferably, dowel pins 100 are insert-
ed through the flange 92 and into the adjacent

portion of the harrel member 14 to positively re- 4:

_ strain the member 83
to the barrel member, P )
. A plurality of rollers form cam followers, as in-
dicated at 182, which extend, through each pair

against rotation relative

0f cooperating cam slots 86 and 98. Each cam |

follower (82
indicated at
received in
walls of a double walled piston 188, which re-
. ceives the cylindrical members 84 and
" ‘space between its inner and outer walls and co-
- operates with the cover member or cylindér 94
“to constitute an .expansible chamber
mechanism for turning the propeller blades about
the arms 62, ' '
‘Movement of the piston 108 in the cylinder 94,
in an axial direction will move the cam followers
" through the cam slots 8§ and 80 to impart ro-
tational movement to the member 84 with respect
to the member 88. A5 the member 84 is oper-
atively connected with the propeller blades
through the ring gesr 82 anud respective gear sec-
tors 12, rotation of the member 84 incident to
axial movements of the piston (0§ rotates. the

is mounted upon a pin or axle, as
104, the opposite ends of which are

propeller blades 84 about the axes of the respec-
tive arms 82, which axes preferably coincide with.
respective blades.

the longitudinal axes of the
Suitable antifrietion means, such as the ball-
bearings 108 and ({8 are preferably interposed

between the members 84 and 88 to insure.rela-

L .

94, which is secured

88 in the .

3

tively free rotation of the member 8¢ with re-
spect to the member 88. .

While rotation of the bropeller blades 84 about
the arms 82 has been referred to as an incident
of the axial or longitudinal movement of the
piston. 108, it doeg not necessarily follow that
movement of the piston is always the result of
the application of hydraulic fluid under pressure
thereto, since the piston may at times be moved
by other forces such as the centrifugal forces of
the propeller blades themselves acting through
the cam and the cam followers. )

The means for directing the application of hy-
draulic fluid under bressure to the piston {86
comprises three principal elements, namely, a

Pressure Tresponsive vaive, generally indicated gt

112, an intermediate pitch limit stop device, gen-

* erally indicated at 114, and 5 by-pass valve, gen-

80, is interposed

20

30

40

suitable apertures provided in the

hydraulic .

85

" of the power shaft serveg

(£

forces due to windmilling propeliers.

{reme end of

‘member §8,

erally indicated gt 118, all disposed in a valve
housing generally indicated at, 120,

The action and cooperation of these various
elements is such that when only the working
bressure is applied to the hydraulic fluid, the
propeller will function ag a controllable pitch or
constant speed propeller within a normat pitch
range determined by the low pitch Limit stop 122,
which 1s secured indirectly to the barrel 18 and
coacts with a lug on the movable cam 84, and. the
intermediate pitch limit stop 14 When the
feathering pressure is applied to the hydraulic
Auid, the propeller blades will e immediately -
turned to a feathered Pposition in which they are
disposed substantially paralle] to the axis of the
propeller shaft and hence provide a minimum
drag resistance, and when, the restoring pressure
is applied to the hydraulic fluld, the blades gre
returned to their operative position and the
‘propeller may again function as a constant speed
propeller or may, if desired, be placeg under the
operator of the vehicle, The feg-
ture of feathering the propeller blades has many
advantages well-known to the art

the airplane. g provided ‘without excessive drag
- The valve housing {20 comprises an inner ty.
bular member {24 and an outer concentric cylin-
drical member {26 slidably received in the piston
108, connected at one end to a flared beil-like
member- {28, the tubular casings for the valves
H2, 118 and the intermediate piteh Umit stop
414 in the annular space between the two mem-

bhers, .. . L . : .
The beli-like member 128 Is secured to the ex-
the power shaft (2 by means of 8 -
nut 30 which is thréaded into the end of ‘the-
hub member 86 and clamps a radially extending
flange on the extreme end of the member 128
between ifself ang a washer. (32 which bears
against the forward end of the cone {34 which, in
turn, is secured on the end of the power shaft
by the nut 136, A sujtable packing is inserteq be- -
tween the nut. (30 and the flange on the mem-
ber §28 to provide a leak-proof Joint between the
Member 128 and the forward end of the hub

threaded into the tubular end
to clamp in place an
apertured plug member {40 which supports the
tube 3% and also pro-.

A-nut (38 screw

-vides sn intermediate support for the breather
“tube 34

which extends through the drain tube,
the support for the breather tube being provided
by the spacer members 142 which are separated o




4 .
to permit the passage of hydraulic fluid there-
through. The plug 140 is provided with circum-
ferential spaced apertures {43 extending there-
through for the passage of hydraulic fluid
through the plug, and is in two parts of which
the forward part is provided with a tapered ex-
tension 144 which has a fluid seal connection
{46 with the rearward end of the inner tubular
member 124 of the valve housing so that it effec-
tively connects the high pressure fluid space be-

tween the drain tube 36 and the interior of the .

hollow shaft 12 through the apertures 143 with

the space 148, connected with the valve 112 and

separates the high pressure channel from the
drainage channel between the drain tube 36 and
the breather tube 34,

The nuts 138 and 136 are secured against rota-
tion relative to the power shaft upon which they
are screw threaded by suitable locking pins 150
~ and the valve housing is restrained against rota-
tion relative to the hub member 63 by similar
locking pins 152,

The nut 138 has an extension received within
an annulus in the flared portion of the bell mem-
ber 128, and a leak proof seal i54 is provided be-
tween the end of the extension and the annulus.
This construction provides between the members
144 and 138 a channel 156 for leading high pres-
sure fluid, without leakage to the space 148 with-
in the member 28,

When the hydraulic fluid in the channel 156
and the space 148 is at working pressure, this
pressure through acting upon the end of the valve
plunger 158 facing the space {48 £ails to move the
plunger against the action of the spring 162. The
spring 162 has a carefully calibrated spring rate
so that the plunger 158 takes a definite position
in the casing 160 for each of the three operating
pressures imposed on the hydraulic fluid, the
pressures being hereinbefore referred to as the
working pressure, the feathering pressure and,
the restoring pressure.

An oil channel or conduit 164 (see Fig. 3) leads
from the space |48 to the interior of the valve
casing 160 and, when the valve is in the position
incident to the working pressure of the hydraulic
fluid, this channel is connected, through the re-
duced portion 166 of the valve stem, with a con-
duit 168 connected with the interior of the valve
casing 160, leading around the tubular inner por-
tion 124 of the valve housing, shown diagram-
matically in Figs. 3 to 5 as extending through
tube 124 for clearness of understanding, to the
interior of the casing (10 of the by-pass valve
generally indicated at {16. With the positions
of the parts as illustrated in Figs. 1 and 2, the
hydraulic fluid flows from the conduit 168
through the space between the ball 172 and the
annular valve seat 174 formed in the casing 110,
and through the conduit 176 to the channel 118,
and out of the valve casing through the aperture
180 to the space at the rear of the piston,

If the ball valve 1712 is unseated at the time
that the flow from the passage {16 to the pas-
sage 168 begins, the action of the fluid against
the face of the ball adjacent to the seat will
maintain the ball in a position away from the
seat. If the ball is seated at the beginning of
the flow, or becomes seated during the flow, the
pressure in the passage 176 will back up in the
connected channel {18 and open the valve 182
permitting the fluid to flow from the valve
seat 184 to the drain 185-3%. The movement of
the valve 182 will also bring the end of the mem-

per 208 in contact with the ball 1712 to unseat-

(5
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the ball and again establish the flow from the
passage 1718 to the passage 168. As far as the
operation of the device Is concerned, it is not
material whether the fluid from the back of the
piston drains from the valve 172 or the valve 182.
The hydraulic fluid acting against the rear end
of the piston 106 tends to urge the piston for-
wardly to increase the pitch of the propeller
plades. If at any time the pitch of the propeller
blades is too high, the valve operated by the gov-
ernor 18, or s manual control, cuts off the high
pressure fluid from the pump 24 and connects
the high pressure fluid channel within the power
shaft 12 with the sump 40, through the drain
39. When this occurs, hydraulic fluid under pres-
sure in the space behind the piston drains
through the conduit (76 past the ball 112,

_through the conduit (68, past the reduced por-

tion 166 of the valve plunger 158, and through
the conduit 164, back to the space 148 and out
through the pressure fluid channel in the power
shaft. Some of this hydraulic fluid under pres-
sure may also move the hollow plunger 182 of
the by-pass valve 116 forwardly to open a space
between the rear end of the plunger and the
cooperating valve seat 184 provided at the for-
ward end of the channel 178 so that the hydraulic
fluid may flow into the space between the outer
and inner concentric members 126 and 124 to
the forward end of the member (24, particularly
{llustrated in Fig. 3, where it enters the drain
channel between the tubular member 34 and the
tubular members 124 and 36. The oil released
by the valve 182 flows into the space between the
members 124 and 126 not occupied by the valve
casings 169 and (70. From this space the oil
flows over the forward end of the member 124
to the interior of the tubular member 124 if a
breather tube is not used, or to the space be-
tween the interior of the member 124 and the
exterior of the breather tube 34 where such a
breather tube is used. It will be noted that oil
flow spaces are clearly indicated between the
forward end of the member 124 and the adjacent
surface of the breather tube in Fig. 2. When
the space behind the piston is connected with
drain, as indicated above, the propeller blades

_ are turned toward their low pitch position by the

60

85

-1

0

action of centrifugal forces present in the blades
themselves as they are rotated about the power
shaft and the piston is forced rearwardly by the
action of the cams 86 and 80 and the cam fol-
lowers 102,

When hydraulic fluid under working pressure
is applied to the rear of the piston 106 for a suffi-
cient interval, the piston will be: moved forwardly
until the ball 186 of the intermediate pitch stop
mechanism, generally indicated at {14, rides up
on the piston carried cam 188 which is moved
under the ball by the longitudinal movement of
the piston and the rotational movement of the
piston due to the angularity of the cam slots 90.
When this occurs (see Fig. 4), the ball 186 is
forced upwardly between the balls 190 and 192
thereby imposing the force of the spring 194,
through the movable abutment, 198, the balls 192,
186 and 190 and the spacer 198 against the ball
112 to force the same into valve closing contact
with the seat 174 to prevent the flow of hydraulic
fluid past the ball 172 from the conduit (68
to the conduit 176, At the same time the hy- .
draulic fluid under pressure forces the plunger
182 of the valve member (16 into sealing en-’
gagement with the seat (84 at the end of the
channel 178 and, as the working pressure of the



spring 200, which acts through the apertured
abutment 202 against the ball 204, and move the
ball 204 awa¥ from its seat 208 provided in the
adjacent end of the tubular member 208 zscured
in the end of the hollow plunger 182, the fiow of
hydraulic fluid under working pressure io the
space behind the piston will he stopped al the end
of the conduit 168, and there will be no further
admission of hydraulic fluid to the space at the
rear of the piston to move the propeller blades
beycnd the limiting high pitch position deter-
mined by the relation of the cam 88 and the
ball 186. Thus, when the hydraulic fluid is at
the working pressure, the range of pitch chang-
ing movements of the propeller blades is limited
by the low piteh iimit stop 122 and the inter-
mediate pitch limit stop 114. The cams 188 are
formed on the interior surface of a sleeve mem-
ber 188 having a splined connection 191 with the
piston. This sleeve may be inserted in the pis-
ton at any selected relative rotational position to
determine the pitch angle st which the infer-
mediate pitch limit stop will function and is sz-
cured in the piston by suitable means such as
the nut {83.

When hydraulic fiuid under feathering high
pressure, which mey he supplied by the pump 42,
is applied to the space behind the piston, the pis-
ton is first moved forwardiy in the menner de-
scribed above for the working pressure, until
the ball 188 of the intermediate pitch limit stop
device rides up on the cam {88 in the manner
described above, While only one cam 188 is
operative at a2 time, since the barrel may be

" ‘mounted in any one of three different rotational

positions, three cams have been provided so that
one cam will be in & position to operate the pitch
limiting valve regardless of the rotational posi-
tion of the barrel with respect to the propeller
hub the cams being adjustable to provide any
desired pitch angle for the intermediate stop.
At the same time the valve plunger 158 is moved
slightly forward but not sufficiently to close the
connection of the conduit 164 with the conduit
168 past the reduced portion 166 of the valve
plunger so that hydraulic fluid under feathering
high pressure flows through the conduit 164, the
casing 188, the condult 168 to the interior of the
casing ne of the valve (18, Although the ball
{72 closes the passage to the condult {76 when
the ball {86 is on the cam 188, the pressure of the
hydraulic fluid at feathering high pressure is
sufficient to compress the spring 200 and open
the valve passage befween the ball 204 and the
rear end of the member 208 as shown in Fig. 4.
The hydraulic fluid then flows through the mem-
ber 208, the apertured abutment 202, the hollow
plunger {82 and the passage {18 to the space
at the rear of the piston to continue the forward
movement of the piston past the Intermediate
limit stop device. Afb the same time any hydraulic
fluid that may have been trapped in the space
hetween the front end of the piston and the in-
terior of the forward portion of the cover member
94 may flow from that space through the conduit
210, the elbow 212 and the slot 2i1& into the in-
terior of the forvard portion of the valve casing
{60, from which it escapes through the drain
] slot 216 to the interiox of the outer wall 26 of
the valve housing, and from this space around
the forward end of the inner tubular member (74

of the valve housing and to drain through the.

inner tubular member and the spacs between the
tubes 34 and 38,
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hydralic fuld is not sufficient to compress the |

Hydraulic fluld at the feathering high pres-
sure may be injected Into the space behind the
piston until the piston has been moved to its fur-~
therest forward position as determined by ‘the

5 limit stop 223 which is secured indirectly to the
hub T4 and coacts with &.lug in the movable
cam member 84 and the propeller blades have
baen rotated to a position in which they present
only their edges ¢o the relative wind.

10 Eydraulic fluid, such as engine lubricating o,
injected at the working or the feathering pres-
sure into the spece at the rear of the piston backs -
up in the interlor of the barrel member 14 and

- fills the same thereby lubricating ali the working
15 parts of the propeller.. The packing means 18

and 80 between the barrel and the hub member
and between the barrel and the base ends of the
propeller blades, and sealing means between the
two parts.of the barrel, render the barrel leak

20 preo? for hydraulic fluid at pressures up to and
Inciuding the feathering high pressure. Hy-
draulic fluid at pressures above the feathering
high pressure is not permitted to flow. into the
harrel member.

23 When it Is desired to restore the propeller from
& feathered condition to an operative condition,
the auxiliary pump 42 is operated to apply the
restoring high pressure {¢ the hydraulic fluid
supplied to the propeller operating mechanism,

20 When hydraulic fluid at the restoring pressure
is supplied to the space 148, the valve plunger {58
is immediately moved forward to the position’
fllustrated in Fig. 5 in which the valve piston 2(8 .
on the valve plunger 158 interrupts the connec-

33 tion between the conduit 184 and the conduit 168

- and the second valve piston 220 closes off the

drain slot 218.

With the valve in the position indicated, the
hydraulic fluld at restoring high pressure ﬂows
40 irom the space 148 through the conduit 164, past

~the reduced portion 186 of ti.e vaive plunger, and

then through the slot 214, the elbow 2{2 and the
conduit 218 into the space hetween the forward
end of the piston 108 and the forward end of the

45 oylindrical domed cover member 94, surrounding
the forward end of the valve housing 120 and
the extension member 222 which connects the
forward end of the valve casing with the end of
the cover member 94 and which is connected to

50 the forward end of the outer wall 128 of the valve
housing by the integral transverse flange 274,
which constitutes the front end wall of the valve
housing. The hydraulic fluld under pressurs
is then. effective to act upon the forward end of

55 the piston and force the piston rearwardly to re-
store the propeller hlades to an operating con-
dition,

While the piston is being forced rearwardly
any hydraulic fluid which may have been trapped

g0 in the space st the rear of the piston flows
through the conduit 176, past the ball valve {72
and through the conduit 168 inte the valve cas-
ing 160 in a space occupied by a reduced por-
tion 226 of the valve between the enlarged por-

¢5 tion 218 and a piston member 228 and out of the
valve casing through the apertures 230 and 232
to the interior of the valve housing 120 from
whenee it flows to drain through the space be-
tween the tubes 34 and 36. 1If, for any reason,

70 the ball 172 seats agalnst the shoulder 114, as
“Wwhen the piston is moving back past the inter-
mediate pitch Hmit stop device 114, the drainage
hydraulic fluid may alternatively flow through
the chahnel 178, past the rear end of the valve

76 plunger 182 1nto the interior of the valve hous-

(%
-t
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meil and from there to drain in the manner speci-
fled. .

The pump 42 is capable of exerting a pressure
greater than the pressure necessary to move the
plston rearwardly to restore the propeller from a
feathered condition to an operative condition and
if the maximum pressure of the pump were im-
posed on the forward end of the piston and the
adjacent end of the cover member 84 the stresses

_might become sufficient to endanger the parts.
For this reason the relief valve generally indi-
cated at 238 is provided between the space at the
forward end of the piston and the interior of the
valve housing. This valve, as particularly illus-
trated in Fig. 3, comprises a tubular casing 234
which contains a compression spring 236 acting
against an abutment 238 which acts to force the
ball 240 against the seat 242. The spring 236 is
selected to maintain the relief vaive closed until a
predetermined pressure of the hydraulic fiuid in
the space at the front of the piston is reached

10
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fluid seal connections 248 and 250 with the ex-

ternal surface of the outer shell 126 of the valve
housing, which are effective to prevent the leak-
age of oil in either direction past the piston from
the pressure side to the drain side. :
While there has been illustrated and described
a suitable mechanical embodiment of what is now
considered to be the preferred form of the idea
of the invention, it is to be understood that the
invention is not limited to the construction so il-
lustrated and described, but that such changes in

-the size, shape and arrangement of parls may be

- resorted to as come within the scope of the sub-

15
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after the valve will open to permit hydraulic

fluid to drain from this space Into the interior
of the valve housing (28 and from thence to
_drain.” When the piston (06 has been moved
rearwardly a distance such that the intermediate
pitch limit stop {14 has passed the cam (88, the
limit stop device is restored to its operative con-
dition and as soon as the restoring high pres-
sure is removed from the hydraulic fluid, the
propeller will again function as a constant speed
or controllable pitch propeller within the range
ot pitch angle adjustment as determined by the
limit steps (14 and 122. o

In the form of the invention illustrated the
tube 34 extends' entirely through the propeller
and the propeller operating mechanism and is
connected with an annular vent between the

nose plate 244, secured in spaced relation to the

extreme forward portion of the cover member
84, and the adjacent portion of the cover member
to provide 2 breather opening for the engine. It
is to be understood, however, that the invention
is in no way limited to this particular construc-
tion since the propeller may obviously be used
with engines that do not utilize 2 breather open-
ing through the power shaft and the propeller
hub,

From the above description it will be observed’

that there has been provided & propeller that has
two ranges of propeller blade pitch adjustment,
that in one range the adjustment is accomplished
by hydraulic fluid under pressure in one direction
and by centrifugal action in the opposite direc-
tion, and in the second range of adjustment the
adjustment is accomplished by hydraulic fuid
under pressure in both directions, acting upon
the opposite sides of the pitch controlling-piston.
The area of the end of the valve stem 158 fac-
ing the space (48 and the strength of the spring
182 are so related that the valve stem 158 does not
change its position upon the imposition of hy-
draulic fluid under working pressure or materi-
ally change its position upon the imposition of
hydraulic fluid at feathering pressure into the
space 148, but materially changes its positicn
upon the imposition of hydraulic fluid under re-
storing pressure into the space 148, The piston
portion 228 cooperates with the adjacent portion
of the valve casing 160 to constitute a dash-pot
"o regulate the movements of the valve stem 158
and prevent sudden movement or chattering of
the valve stem in the valve casing. )
The piston 106 has a fluid seal connection 246
with the interior of the cover member 94 and
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joined claims. )

Having now described the invention so that
others skilled in the art may clearly understand
the same what is desired by Letters Patent is as
follows: - ' '

What is claimed is:

1. In a controllable pitch propeller having a

' hub and blades rotatably mounted in said hub for
- pitch changing movements, & fluid pressure ac-

tuated power device for controlling the pitch
changing movements of said blades, a positive
jow pitch limit stop and & positive high pitch
limit stop for determining the entire range of
pitch changing movement, and an intermediate
plitch fluid controlling limit stop actuated by said
power device to cut off the fluid pressure supply
to said power device for normally limiting said
pitch changing movements to the range of move-
ment between one of said positive pitch limit
stops and sald intermediate pitch limit stop.

2. In a controllable pitch propeiler having &
hub and blades rotatably mounted in said hub for
pitch changing movement, an expansible cham-
ber fluid actuated mechanism carried by said

. propeller for controliing the pitch changing-
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movements of said blades, & positive high pitch
limit stop and a positive low pitch limit stop for

" determining the entire range of pitch changing

movements of said blades, an intermediate pitch
fluid controlling limit stop operatively assoclated
with said mechanism and effective within a se-
lJected range of pressure of the hydraulic fluid
supplied to said mechanism to limit the pitch
changing movement to the range between one of
said positive pitch limit stops and said inter-
mediate pitch limit stop, and means operative at
a pressure of said hydraulic fluid higher than
said selected pressure to render said intermediate
pitch limit stop ineffective to limit the pitch
changing movements of said blades. ‘

3. In a controllable pitch propeller having a
hub and blades rotatably mounted in said hub for
pitch changing movements, an expansible cham-
ber hydraulic mechanism operatively connected
with said blades for controlling the pitch chang- -
ing movements thereof, a high pitch lmit stop
and a low pitch limit stop for determining the
entire range of pitch changing movements of said
blades, an intermediate hydraulic fluid control-
ling pitch limit stop operative under a selected
pressure of the hydraulic fluid supplied to said
mechanism to restrain said mechanism against
moving said blades beyond a range determined
by the operation of said intermediate pitch limit
stop, means operative at a second selected pres-
sure of said hydraulic fluid to render said mech-
anism operative to turn said blades to a pitch
position beyond the limiting pitch position de-
termined by the operation of said intermediate
pitch limit stop, and means operative at a third
selected pressure of said hydraulic fluid to render

-sald mechanism operative to restore sald blades
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"to the range of pitch changing movement as de-
termined by said intermediate pitch limit stop.
 4.In a .controllable pitch propeller having
blades rotatably mounted for pitch changing
movement, an expansible chamber hydraulic
mechanism having a relatively fixed part and a
. relatively movable’ Part operatively connected
with said blades ang effective upon the applica-
tion of hydraulic fluig under a selected pressure
to one side thereof to turn said blades in one
direction, an element movable by said movable
part, a low pitch limit stop and a high pitch limit
stop for determining the entire range of pitch
changing
ated by said element at a position intermediate
the limits of said entire range of pitch changing
novement to cut off the supply of hydraulic fluid
to sald one side of said relatively movable part,
.and a by-pass valve operative at a pressure of
sald hydraulic fluid higher than sald selected
pressure to supply hydraulic fluid to the same
side of said relatively movable member,

5. In a controllable pitch propeller having a.

hub and blades rotatably mounted in saig hub
for pitch changing movement, an expansible
chamber hydraulic mechanism having a rela-
tively fixed part secured to said hub, and a rela-
tively  movable part operatively connected with
said blades and effective upon the application of
hydraulic fluid under pressure to one side thereof
to turn said blades in & pitch increasing direction
against the opposing force of the centrifugal ac-
tion of the blades, an element movable by said
relatively movable part, a low pitch limit stop
and a high pitch imit stop for determining the
entire range of pitch changing movement of said
blades, a .valve operateq by said element at a
position intermediate the limits of sald entire
range of pitch changing movement to cut off the
supply of hydraulic fluid at g selected pressure to
said side of said relatively movable part, a by-
-pass valve operative at a second selected pressure
of said hydraulic fluid to continue the supply of
hydraulic fluid to the same side of said relatively
movable part through a range of pitch changing
movement, up to said high pitch limit stop, and
& pressure responsive valve operative at g Pres-
sure of said hydraulic fluld higher than said sec-
ond selected pressure to supply hydraulic fluid
to the opposite side of saig relatively movable
part, and connect the space at the first men-
tioned side of said part with a drain. .

6. In a controllable pitch propeller having a

10

movement of sald blades, : valve oper- .
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hub and blades rotatably mounted in said hub for |

pitch. changing movement, an expansible cham-
ber hydraulic mechanism having a relatively
fixed part secured to s2id hub, and a relatively
movable part operatively connected with said

55

blades and effective upon the application of hy- -

draulic fluid under pressure to one side thereof

60

to turn said blades in a pitch increasing direc- -

tion against the opposing force of the centrifugal
action of the blades, an element movable by said
relatively movable part, 8 low pitch limit stop
and a high pitch limit stop for determining the
entire range of pitch changing movement of said
blades, a valve operated by said element at s
position intermediate the limits of said entire
range of pitch changing movement to cut off the
supply of hydraulic fluid at a selected pressure
to said side of said relatively movable part, a by-
pass valve operative at a second selected pressure
of sald hydraulic fluid to continue the supply of
hydraulic fluid to the same side of said relatively
movable part through a range of pitch changing

7

movement up to said high piteh limig stop, and
& pressure responsive valve operative at a pres-
sure of said hydraulic fluid higher than said sec-
ond selected pressure to supply hydraulic fluid
to the opposite side of said relatively movable
part, and connect the space at the first men-
tioned side of said part with & urain and a pres-
sure relief valve between said Opposite side of
said relatively movable member and said drain.

7. In a controllable pitch: propeller having a
hub and blades rotatably mounted in said hub
for pitch changing movement, an expansible
chamber hydraulic mechanism having a rela-
tively fixed part secured to said hub, and a rela-
tively movable part operatively connected with
said blades and effective upon the application of
hydraulic fluid under bressure to one side thereof
to turn said blades in & pitch increasing direction
against the opposing force of the centrifugal
action of the blades, a valve operative at one se-
to limit the application of hy-
draulic fluid to said movable member to an inter-
mediate pitch range, a valve operative at g sec-
ond selected pressure to continue the application
of hydraulic fluid to said movable member for the
entire pitch range, and a valve operative at g
third selected pressure to change the point of
application of hydraulic fluid to said relatively
movable member, .

8. In a controllable pitch propeller having a
hub and blades rotatably mounteq in said hub
for pitch changing movement, an expansible
chamber hydraulic mechanism having a relatively
fixed part secured to said hub, angd g relatively
movable part operatively connected with said
blades and effective upon the application of hy-
draulic fluid under bressure to one side thereof
to turn said bldaes in g pitch increasing direction
against the opposing force of the centrifugal ac-
tion of the blades, a valve operative at one ge-
lected pressure to limit the application of hy-
draulic fluid to saiq movable member to an inte--
mediate pitch range, a valve operative at a sec- ‘
ond seiected pressure to continue the application
of hydraulic fluid to said movable member for the
entire pitch range, and a valve operative at a

-third selected pressure to reverse the application

of hydraulic fluid to said relative movable mem-
ber and a pressure relief valve between the side

.of said relativcly movable meraber to which said

third mentioned valve applies hydraulic fluid and
a fluid Arain,

9. In a controllable pitch propeller having a
hub and blades rotatably mounted in said hub for
pitch changing movements, an expansible cham-
ber hydraulic mechanism having a relatively fixed -
part secured to said hub and a relatively movable
‘part operatively connected with said blades and
effective upon the application of hydraulic fluid
at préssures below a predetermined pressure to
one side thereof to turn said blades in a pitch

" Increasing direction against the opposing force
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[of the centrifugal action of the blades, means for
applying hydraulic fluid at said Pressures below
said predetermined pressure to said one side of
said relatively movable member, means for con-
tinuously draining hydraulic fluld from the space
at the opposiie side of said relatively movable
member while the pressure of said hydraulic fluid
‘is below said predetermined pressure, means for
supplying fluid at pressures above said predeter-
mined pressure, and means operated by fluid at
pressures above said pcedetermined pressure to
reverse the relation of said hydraulic fluld apply-
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ing means and sald drain means with respect to
the sides of said relatively movable member.

10. In a controllable pitch propeller heving &
hub and blades rotatably mounted in said hub for
pitch changing movements, an expansible cham-
ber hydraulic mechanism having & relatively fixed
part secured to said hub and 2 relatively movable
part operatively connected with said blades and
effective upon the application of hydraulic fluid
under a selected pressure to one side thereof to
turn said blades in & pitch increasing direction
against the opposing force of
action of the blades and effective upon the appli-
cation of hydraulic fluid under
opposite side thereof to turn sald blades in & pitch
decreasing direction, mesans for applying hydrai-
lic fiuld under said selected pressure to the blade
pitch increasing side of said relatively movable
" member, means connecting the space at the oppo-
site side of said relatively movable member with &
drain, and a pressure responsive valve operative
at a selected pressure above said first mentioned
selected - pressure to change the application of
hydraulic fiuid under pressure to the blade pitch
decreasing side of said relatively movable member
and to connect the space at the opposite side of
said relatively movable member with & drain.

11. In a controllable pitch propeller having &
hub and blades rotatably mounted in said hub for
pitch changing movements, an expansible cham-
ber hydraulic mechanism having & relatively fixed
part secured to said hub, and a relatively movable
part operatively connected with said blades and
effective upon the application of hydraulic fluid
under pressure to one side thereof to turn said
blades in a piteh increasing direction against the
opposing force of the centrifugal action of the
plades and effective upon the application of hy-
draulic fluid under pressure to the opposite side
thereof to turn said plades in a pitch decreasing
direction, a valve comprising an intermediate
pitch limit stop for limiting the operative range
of pitch increasing movements of said relatively
movable member, a pressure responsive valve
operative when said relatively movable member is
in said operative range of pitch changing move-
ments to vent the blade pitch decreasing side of
said member and connect said pitch incresasing
side with said fluid under pressure and operative
under a selected pressure of the hydraulic fiuid to
apply hydraulic fluid under pressure to the blade
pitch decreasing side of said relatively movable
member and connect the space at the blade pitch
increasing side of said relatively movable member
with drain through said intermediate pitch limit
stop valve, and a by-pass valve for connecting the
space al the piteh increasing side of said relatively
movable member with drain arranged in parallel
with said intermediate pitch 1imit stop valve.

12. In a controllable pitch propeller having 2
hub and blades rotatably mounted in said hub for
pitch changing movements, an expansible cham-
per hydraulic mechanism having & relatively fixed
part secured to said hub and a relatively movable
part operatively connected with said blades and
effective upon the application of hydraulic fluid
under pressure to one side thereof to turm said
plades in a pitch increasing direction against the
opposing force of the centrifugal action of the
blades and effective upon the application of hy-
draulic fluid to the opposite side thereof ‘to turn
said blades in a pitch decreasing direction, means
responsive to selected pressures of the hydraulic
fluid supplied to said mechanism to render said
mechanism operative to meintain the plteh

pressure to the.

10

the centrifugal .
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‘prising, a tubular casing having a
_ therein, g ball in said casing cooperating with
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changing movements of sald blades within &1
operating range, to turn said bladesto & feathered
position and to restore said blades from said
feathered position to said operative range. 2 single
channel for the flow of hydraulic fiuid in both
directions when sald mechanism is in said oper
ative range and for the fiow of hydraulic fluid
under pressure 1o spid mechanism when said
blades are being moved to or from thelr feathered
position, and & separate channel for draining hye.
draulic fluid from said mechanism when said
mechenism is operating outside of said normal
cperating range.

13. In a controllable pitch propeller having a
hub and blades rotatably mounted in said hub for '
pitch chenging moverients, an expansible cham-
ber hydraulic mechanism having a relatively fixed
part secured to said hub and & relatively movable
part operatively connected with said blades and
effective upon the application of hydraulic Auid
under one selected pressure to one side thereof to
turn said blades in a pitch increasing direction,
through an operalive range of pitch changing
movements and upon the spplication to the same
side thereof of hydraulic fuid at & second selected
pressure to turn said blades to & feathered posi-
tion, and operative upon the application of hy-
draulic fiuid at e third selected pressure to the
opposite side thereof to restore said blades from
the feathered position to said operative range, @
va've constituting an intermediate pitch stop for
restraining said relatively movable part against
exceeding sald operative range under said one
selected pressure, & by-pass valve for rendering
said relatively movable part operative to exceed
said operative range under said second gelected
pressure, and a pressure responsive valve for ren-
dering said relatively moveable member operative
to restore said blades from the feathered position
to said operative range under said third selected
pressure, said pressure responsive valve, and said
intermediate pitch limi6 stop valve being arranged
in series in the fluid line leading to said hydraulic
mechanism, and said intermediate pitch Hmit
stop valve and sald by-pass valve being arranged
in parallel.

14. Tn & controllable pitch propeller having 2
hub and blades rotatably mounted in said hub for
pitch changing movements, a cylinder secured to
said hnb, a piston in said cylinder operatively as-
sociated with said blades and.operative upon the
application of hydraulic fluid 2t one selected pres-
sure to one end thereof to turn said blades
through an operative range of pitch adjustment
in a pitch increasing direction against the oppos-
ing force of the centrifugal action of the blades,
and operative upon the application to the same
end thereof of hydraulic fluid under s second
selected pressure to turn said bladestoa feathered
position, and an intermedicte pitch stop device
for restraining said piston against exceeding said
operating range of pitch changing movement
under said one selected pressure, said device com-
_valve seat
said valve seat, a spring, a movable ball for apply-
ing the force of sald spring to said first mentioned
rali, and a cam on sald piston for moving said
mcvable ball o

15. In a controllable pitch propeller having a
hub and blades rotatably mounted in said hub
for pitch changing movements, a cylinder secured
to said hub, a piston in said cylinder operatively
associated with sald blades and effective upon the
application of hydraulic fluid under one selected
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pressure to one end thereof to turn said blades in
a pitch increasing direction through an operative
range of pitch adjustment, operative under a
second selected pressure applied to the same end
thereof to exceed said operative range and turn
said blades to a feathered position, and operative
under a third selected pressure applied to the
opposite end thereof to restore said blades from
the feathered position to said operative range, a
fluid line and & drain line leading to said cylinder
and a pressure responsive valve for reversing the
application of hydraulic fluid under pressure from
. one end of said piston to the other and for simul-
taneously reversing the connection of said drain
line from the spaces opposite the respective ends
of said piston, said valve comprising a tubular

casing provided with spaced ports therein, a valve

N

5.

10

o

tion, and effective upon -the application of -
hydraulic fluid at a third selected. pressure to
the opposite end thereof to restore said blades
from the feathered position to .said operative
range, and pressure responsive means effective
to change the application of hydraulic Suld
from the blade pitch increasing side to the blade -
pitch decreasing side of sald piston upon the
application thereto of hydraulic fluid at said
third selected pressure and to simultaneously
provide & drain from the space at the blade

‘ pitch increased end of said piston.

15

plunger having a plurality of valve. pistons coop-

erating with said ports and a piston at one end
subject to the pressure of said hydraulic fluid, and

18, In a controllable pitch propeller having
a hub member adapted to be secured upon the
end of a propeller shaft and provided with arms
for rotatably receiving the propeller blades and

& barrel member- surrounding said hub member

and the adjacent ends of said blades to secure

_sald;plades on said hub member, an expansible -

a spring opposing movements of said plunger

under the influence of the pressure of sald hy-

draulic fluld, said spring having a rate such that -,

“no material movement is imparted to said plunger
. by sald first and second selected pressures but a
material movement is imparted to said plunger b
'sald third selected pressure. =~ g

16. In a controllable pitch propeller having a
hub and blades rotatably mounted in said hub for
pitch charnging movements, a_cylinder secured to
said hub, a piston in said cylinder operatively
assoclated with said blades and effective upon the
application of hydraulic fluid at one selected pres-

sure to one side thereof to turn sald blades in a -

pitch Increasing direction against the opposing
force of the centrifugal action of the blades and
effective upon the application of hydraulic fluid
at a second selected pressure to the same side
thiereof to turn said blades in a pitch increasing
direction past said operative range to a feathered
position, a limit stop device for restrdaining said
piston against exceeding an operative range of
movement under sald one preselected pressure,
and a by-pass.valve for rendering said piston
operative to exceed sald operative range under
said second selected pressure, said by-pass valve
comprising a tubular casing, a valve seat in sald

25' .
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chamber hydraulic mechanism having s rela-
tively fixed part secured to said barrel member
and a relatively movable part operatively con- -
nected with said blades and effective upon the
application thereto of hydraulic fluid at at least

three graduated pressures to control the pitch

of said blades in an operative range when ‘sub-
Ject to the lowest of said pressures, to turn said
blades to a feathered position when subject to
the Intermediate pressure and to restore said

blades: from sald feathered position to said op-

erative range when subjected to the highest of .-
said pressures, means for directing the applica-
tion of hydraulic fluld at said low and interme-
diate. pressures to a space in sald hydraullc

‘mechanism connected with. the interior of said

hub barrel and for directing the hydraulic fluld
at the highest pressure to & space in said hy-
draulic mechanism separated from the interior

"of sald barrel member by a hydraulic sesl,

40.

. whereby hydraulic fluid at only the lower pres-
- sures Is permitted to enter

the ‘interior of sald
hub barrel. : - ‘ .
19. In combination with & hydro-controllable
propeller having blades rotatably mounted for

45.pitch changing movements and a  hydraulic

casing, a hollow plunger, slidable in said casing -

cooperating at one end with sald valve seat, a
valve seat In sald, plunger, a ball in said plunger
and & spring in said plunger for urging said ball
into closing relation with said valve seat, said
spring having a rate such. that hydraulic fluid
under sald one selected pressure will not move
said ball away from said valve seat but hydraulic
fluid under said second selected pressure will un-

seat said ball and flow into the space adjacent to’
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mechanism for rotating sald blades, and speed
responsive’ means for controlling the pitch -
changing movements of said blades within a -
predetermined range of pitch adjustment, -
means for supplying hydraulic fluid at ‘at least
two - different pressures to sald hydraulic -
mechanism, & fluid passage in said propeller
leading to said mechanism, and valve means 're-
sponsive to movements of sald pitch changing
mechanism to close sald fluld passage at a par-
ticular position of the movable element of said -

" mechanism corresponding to a predetermined

the end of said piston, said plunger cooperating - .

with the valve seat in sald casing to prevent the
flow of hydraulic fluid into said space except past
said plunger included valve. v o
. 17. In a controllable pitch propeller having a
hub and blades rotatably mounted in said hub
for pitch changing movements, 4 cylinder se-
cured to said hub, a piston in said cylinder oper-
atively associated with said blades and effective
upon the application of hydraulic fluid at one
selected pressure to one end thereof to move
said blades in a plich increasing direction
- through a normal operative range against the
opposing force of the centrifugal action of the
blades; effective upon the application of hydrau-
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lc fluld at a sepond selected pressure to the -

same end thereof to turn said blades past said
normal operating range to a feathered posi-

73

fluid passage.

pitch angle and responsive to an increase in the
pressure of the hydraulic fluid to reopen said
20. In combination with a hvdro-controllable
propeller having blades rotatably mounted for
pitch changing movenients and a hydraulic
mechanism for rotating said blades, and speed
responsive means for controlling the pltch
changing movements of said blades within a
predetermined range of pitch adjustment,
means for supplying hydraulic fluld at at least
two different pressures to said hydraulic mecha-
nism, a valve actuated by sald hydraulic mecha~
nism to limit the pitch changing movements of
said blades to said predetermined range, and a
valve responsive to the higher of sald pressures
to bypass said mechanism actuated valve. T
21, In combination with a hydro-controllable
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propeller having blades rotatably mounted for
pitch changing movements and a hydraulic
nechanism for rotating said blades, and speed
responsive means for controlling the pitch
changing movements of said blades within &
predetermined range of pitch adjustment,
means for supplying hydraulic fluid at at least
two different pressures to said hydraulic mecha-
nism, and a combination of valves for pro-
viding said propeller with a range of constant
speed pitch adjustment and a range of pitch
adjustment outside of said constant speed range
comprising, a valve
fluid through said speed responsive device when
subjected to the lower of said two pressures and
for bypassing said speed responsive device when
subjected to the higher of said two pressures,
a valve responsive to movements of said hydrau-
lic mechanism to cut off the supply of hydraulic
fluld from sald responsive mechanism to said
blade rotating mechanism when the mechanism
~ reaches "a predetermined point in its pitch
“ changing movements, and a valve for opening a
bypass around said cut off valve when subjected
to the higher of sald pressures.

22. In combination, a controllable-pitch pro-
peller having a hub and blades rotatably car-
ried by said hub for pitch changing movements,
an expensible chamber mechanism for con-
trolling the pitch changing movements of said
blades, means for supplying fluid under pres-
sure to sald mechanism, means for regulating
the pressure of said fluld to at least two differ-
ent values, a pair of opposed limit stops for de-
termining the entire range of pitch changing
movements of said blades, and an intermediate
pitch limit stop actuated by said mechanism op-

10

for directing the hydraulic
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erative at a predetermined pitch setting to cut -

off the supply of pitch changing fluid at one of
said pressures to said mechanism but ineffec-
tive to cut off said fluid if the fluid pressure is
increased to the other of said values.

23. Tn combination with a controllable-pitch
propeller ‘having a pitch changing mechanism
operative to vary the propeller pitch through
more than one range of pitch angles, means for
supplying hydraulic fiuid to sald pitch changing
mechanism at pressures within either of two dif-
ferent predetermined pressure ranges, 8 valve
actuated by sald pitch changing mechanism for
restraining said mechanism against increasing
the pitch of said propeller beyond a predeter-
mined pitch angle when supplied with finid at
s pressure within the lower of said predeter-
mined rancges. & pressure responsive valve for ren-
dering said first mentioned valve ineffective to re-
strict the action of said mechanism when said
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mechanism is supplied with fluid at & pressure .

within the higker of said predetermined ranges,
and manually controllable means for selecting
the pressure range of the fluid supplied to said
pitch changing mechanism.

24. In a controllable-pitch propeller having
a hub and blades rotatably mounted in said
hub for pitech changing movement, a fluld pres-
sure actuated motor carried by gaid hub end
having a movable portion operatively connected
with said blades to change the pitch thereof, a
conduit for conducting hydraulic fluld at pres-
sures within different selectable pressure ranges
to said motor, a positive high pitch limit stop
and a positive low pitch limit stop carried by said
hub for determining the entire range of pitch
changing movement of said blades, valve means

- operatively associated with sald condiit including
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a movable element movable o a valve opening po-
sition by pressure of said fluid acting thereon and
effective upon movement thereof from a valve
opening position to a valve closing position to
interrupt the flow of fluid at pressures below &
predetermined value to said motor and thus
discontinue the operation of said motor by
fluid from said conduit at pressures below said
predetermined pressure, and means movable
with the movable element of said motor opera-
tively associated with the movable element of
said .valve means to close sald valve and thus
interrupt the flow of fluid from said conduit to
said motor at & predetermined pitch angle be-
tween the pitch angles determined by said posi- .
tive pitch limit stops.

25, In a controllable-pitch propeller having a

_hub and blades rotatably mounted in said hub

for pitch changing movement, a hydraulic
motor carried by sald hub having a movable
part operatively connected with said blades to
change the pitch-thereof, a positive low pitch
limit stop and & positiveé high pitch limit stop
carried by said hub for determining the entire
range of pitch changing movement . of said
blades, and a conduit for conducting hydraulic
fluid at pressures within different selectable pres-
sure ranges to sald motor to increase the pitch
of the propeller blades and to vent exhgust fluid
from said motor to permit the propeller blade
pitch to decrease, valve means operatively asso-
clated with sald conduit including an element
movable to- a valve opening position by the
presure fluid in said conduit and movable to &
position to block sald conduit and interrupt the
flow of fluid to said motor, and a check valve
also operatively assoclated with said condult to
vent exhaust fluid from said motor when said
conduit Is blocked by said movable element, and
a displacement element carried by the movable
part of said motor and operatively engageable
with the movable element of sald valve to close
said valve and thus interrupt the flow of fluid
at .pressures within a predetermined low pres-
sure range through sald conduit to said motor
at a predetermined pitch /angle between the
limiting pitch angles as determined by said posi-
tive limit stops.

96. Tn the combination of a hydraulically
actuated controllable-pitch propeller and means
for supplying pitch changing hydraulic fluid to
said propeller at pressures within any selected
one of different pressure ranges, a propeller hub,
a plurality of blades rotatably supported in said
hub for pitch changing movements, a hydraulic
motor carried by said hub and having a mov-
able member operatively connected with sald
blades for changing the propeller pitch, a single
conduit extending between said fluid supplying
means and said motor, and a valve carried by
said hub and hydraulically connected with said
condult and with sald motor at opposite sides
of said movable element, said valve including an
element movable by the pressure of the fluid
in sald condult normally blocking the connec-
tion between sald conduit and said motor at
one side of said movable member while provid-
ing a connection between saild condult and said
motor at the opposite side of said movable mem-
ber, whereby sald movable member will move in
one direction upon the application of fluid
under pressure to sald motor through said con-
duit and sald valve, said valve element being
movable In one direction by an increase in the
pressureé of the fluid In sald conduit above a
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predetermlned‘ pressure to connect said motor
at sald one side of said movable member with

sald conduit and block the connection between.

said conduit and said motor at said opposite
side of said movable member and simultane-
ously open & fluid vent from said motor at said
opposite side of sald movable member, whereby
sald movable member will move in the opposite
direction upon the application of hydraulic
fluld at said increased :pressure through said
conduit and said valve to said motor.

217. In a controllable-pitch propeller having a
hub, blades mounted in said hub for pitch
changing movements, a double acting hydraulic
mechanism operatively assoclated with sald
blades for changing the pitch thereof, means
for supplying hydraulic fluld at different select-
able pressures, and a single conduit extending
between said fluid supply means and said hy-
draulic mechanism for conducting fluid at said
different ‘pressures, a valve having separate

hydraulic connections, one with said single’

conduit and one with each side of said double
acting mechanism, said valve including an éle-
ment subject to the fluid pressure in said con-
duit resiliently urged to a position opening a
fluld passage from said conduit ta & predeter-
mined side of sald hydraulic mechanism and
. movable by a predetermined increase In the
- pressure of the fluid In said conduit to close
said passage and open another passage from
said conduit to the other side of said ‘mecha-
nism while simultaneously opening a vent from
said predetermined side of said mechanism for
venting hydraulic fluild from said predeter-
mined side of said mechanism.

. 28, In a controllable pitch propeller ha.ving a
hub, blades mounted in saild hub for pitch

changing movements, a double acting hydraulic
mechanism operatively assoclated with said
blades for changing the pitch thereof, means
for supplving hydraulic fluld at different pre-
determined pressures to said mechanism, and a
single conduit extending between said fluid
supply means and saild mechanism; a valve
carried by said hub and disposed between said

mechenism and said conduit; said valve having
10 a pair of ports connected one with each side of
_ said double acting mechanism, a fluid passage

normally extending through said valve from
sald conduit to one of sald ports, a vent nor-
mally connected with the other of said ports

15 whereby the application of fluid under pressure

to said hydraulic mechanism through said con-
duit will change the pitch of said propeller in

“one direction, sald valve including a movable

member having two operative positions effective

20 to change the connection between said conduit,

sald vent and the respective ports upon moving
from one of said operative positions to the other,.
a spring resiliently urging sald movable member
to one of sald cperative positions, end a piston

25 operatively connected with said movable mem-

ber and having its face exposed to the fluid in
said conduit to overcome the force of sald spring
and move sald movable member to the other of
said operative positions when the pressure of

30 the fluild in sald conduit exceeds a predeter-

mined value, whereby the application of hydrau-
lic fluid at pressures In excess of sald predeter-
mined value through said conduit to said hy-
draulic mechanism will. change the pitch of

88 said propeller in the opposite direction.
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