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United Aircraft Corporation, East Hartford,
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Application June 10, 1948, Serial No. 32,244
15 Claims. (CL 244—134)

This invention relates to hydraulically control-
lable propellers and particularly to propellers of
this type which may be feathered or reversed and
to improved control mechanism operative during
unfeathering and unreversing of the propeller
blades,

In propellers having pitch changing means ca-
pable of turning the blade beyond the normal op-
erative range, in which the piteh angle is usually
automatically controlled by governor into ex-
treme or special purpose ranges such as feathered
or reverse pitch positions, it is usual to operate
the propeller blades in the normal range by a rela-
tively low fluid pressure which is adequate to
overcome the aerodynamic and centrifugal twist-
ing moments exerted against these blades in this
range. The blades are usually moved into and
out of the extreme positions thereof by a higher
fluid pressure to which the propeller pitch chang-
ing mechanism is subjected only while the propel-
ler is in or being changed to or from these extreme
special purpose ranges. . )

It is an object of this invention to provide im-
proved means for controlling admission of the
higher pressure fluid (hereinafter referred to as
the high pressure fluid) to the propeiler.

Another object of the invention is fo provide
improved means operative during unfeathering
and unreversing for automatically interrupting
the source of high pressure fiuid to the propeller
pitch changing mechanism when the propeller
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has refurned to the governor controlled constant

speed and range.

A further object of the invention is to provide
means for interrupting the propeller electrical
deicing system while the propeller pitch changing
mechanism is being changed to or from the ex-
treme special purpose positions of feather or re-
verse pitch.

A still further object of the invention is gen-
erally to improve the construction and operation
of governor controlled pitch changing propellers.

These and other objects and advantages of the
invention will be apparent from the specification
and claims and from the accompanying drawings
which illustrate what is now considered to be the
preferred embodiment of the invention.

In the drawings;

Fig. 1 is a diagrammatic longitudinal section
through a propeller hub constructed according
to the invention. .

Fig. 2 is an enlarged showing of a portion of
ig. 1 illustrating the brush and slip ring at the
blade end.

Fig. 3 is a longitudinal section through a propel-
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ler hub similar to Fig. 1 showing an alternate con-
struction of the invention.

Fig. 4, section 4—4 of Fig 3.

Fig. 5 is a diagrammatic view showing the pro-
peller hub, the constant speed control means and
associated.control apparatus for feathering, un-
feathering, reversing and unreversing the propel-
ler with the parts shown in the position assumed
during constant speed operation, on speeq condi-
tion, the constant speed control means and the
propeller hub being shown in section.

Fig. 6 is.a view of the shank end of the propeller
blade showing the position of the control slip ring -
with respect to the blade.

Fig. 7 is a diagrammatic view showing the por-
tion of control apparatus of Fig. 5 used during
reversing with the parts shown in the first posi-
tion assumed as reversing switeh is operated.

Pig. 8 is Fig. 7 showing the parts in the posi-
tion immediately following the action shown in
Fig. 7.

Fig. 9 is Fig. T showing the parts in the posi-
tion assumed upon the completion of reversing
with the propeller in the reverse pitch position.

Fig. 1 diagrammatieally illustrates the principal
elements of the improved controllable pitch feath-
ering and reversing type propeller. Such 3 pro-
peller as generally indicated at (0 normally com-
prises a hub portion {2 mounted by longitudinal
splines on propeller shaft {4 and provided with
a plurality of blade receiving sockets such as the
one indicated at 16. The propeller may have a
plurality of blades mounted one in each socket,
the blade for socket 16 being indicated at i8. The
blades are so mounted as to be rotatable about the
longitudinal axis in pitch changing directions and
may be retained in the sockets by suitable anti-
friction bearings, not illustrated, interposed be-
tween a socket abutment and g flange 20 on the
blade end in a manner well known to the art.
Each blade is provided on its end within the hub
member 12 with a gear sector as indicated af 22
for blade 18, all of which gear sectors mesh with
a master gear 24 supported by the hub 12 and ro-
tatable about the longitudinal axis of the hub.
Gear 24 is mounted on a rotatable member 28
rotated through a cam and follower mechanism,
including movable cam 28, cam rollers 30 and
fixed cam 32, by a piston 34 reciproeable in g cyl-
inder 36 connected to the front end of hub i2
and having fluid connections to the opposite ends
thereof as will be described later. The movable
cam slots, as generally indicated at 38, have a
substantially straight intermediate portion 46 for
constant speed control, a steep pitch portion 42
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at the high pitch end for feathering the propeller,
and a steep pitch portion 44 at the low pitch end
for reversing the propeller. The cam slots 46 of
the stationary cam 32 are similarly designed but
slope in the opposite direction.

The propeller may be provided with an elec-
trical deicing system for preventing the forma-
tion of ice or removing ice from the blades which
may accumulate during operations under icing
conditions. The deicing system generally con-
sists of a blade heating element 48 mounted on
the leading edge of the blade 18, a deicing relay
69 and a deicing timer 394 (Fig. 5). The heat-
ing element 48 is connected by conductor 50 to
a blade deicing slip ring 52. A brush 54 carried
by suitable insulating means in a housing and
bracket 56 which is mounted on hub blade receiv-
ing socket 16, forms a sliding contact with blade
deicing slip ring 52 and is connected with pro-
peller deicing slip ring 58 by conductor 59. Pro-
peller deicing slip rings 58 and 60 are secured to
the propeller hub 2 for rotation therewith. Slip
ring 60 forms the ground connection for pro-
peller deicing as well as for the contact slip ring
262, the latter will be described later. Brushes
62 and 64 are mounted by suitable insulation in
brush housing 66 and form wiping contact with
slip rings 58 and 60, respectively. Brush housing
86 is nonrotatably secured to the engine 68.
Brush 64 is connected to the ground at a suitable
place in the airplane and brush 62 is connected
to the deicing relay 69 (see Fig. 5) by conductor
70. Electrical energy for operating the blade
heating elements in supplied to the deicing relay
69 from s suitable source, such as a battery 162.
A deicing timer 394, supplied with electrical
energy from battery (62, for actuating the de-
icing relay 69 and is connected thereto by con-
ductor 398, switch 217 of relay switch of 390 and
conductor 288, A control slip ring, generally in-~
dicated at 262, is provided on the butt end of the
blade 18 inside propeller hub (2. This control
slip ring 262 (Fig. 6) is provided with two in-
sulated segments 346 and 354. The remainder
of the slip ring, segments 348 and 260, is elec-
trically conducting to the propeller blade. In-
sulating segment 346 corresponds to the reverse
pitch range of the propeller blade plus a few
degrees in the low pitch range. Insulating ssg-
ment 3584 is near the high pitch end of the con-~
stant speed range. A brush 356 is carried by
an insulating housing 358 which is secured in the
propeller hub 12 and is held in contact with
slip ring 262 by 2 compression spring 360, Con-
ductor 364 connects brush 356 through spring
360 with slip ring 366 which is rotatably secured
with proper insulation to propeller hub 12. A
brush 368 which forms a wiping contact with slip
ring 366 is mounted in suitable insulation and
carried by nonrotatable housing §6. Conductor
956 which returns from brush 368 connects with
the unreversing and unfeathering circuit as
shown in Figs. 5, 7, 8 and 9, . )

An alternate method of construction that may
be used in lieu of the previausly described con-
tact slip ring is shown in Figs. 3 and 4. It con-
sists of a cam 310, secured to blade i8, having two
raised seements 372 and 374 which correspond
to insulating segments 346 and 354 respectively
of contact slip ring 262, Cam 370 has the same
position relative to the blade chord center line
as has slip ring 262, Switch 376, mounted on
bracket 56, consists of a plunger or cam follower
378 and is held in contact with cam 370 by com-
pression spring 380. A bridging contact 382 is
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secured to plunger 378. When plunger 378 is
in contact with the raised segments 372 or 374
bridging member 382 is out of contact with con-
tacts 384 and 386. When plunger 378 is be-
tween the raised cam segments or riding in the
cam depressions, bridging member 382 will form
a circuit with conductor 256, brush 368, slip ring
366, conductor 388, contact 384, bridging mem-
ber 382, contact 386 which returns to ground in
the propeller.

* Still another method of providing a control

" means for stopping unfeathering and unrevers-
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ing can be accomplished by forming blade de-
icing slip ring 52 (Fig. 1) with an insulated por-
tion identical in length of arc and position to
segment 346 of control slip ring 262. It will be
connected to the unfeathering and unreversing
electrical circuit conductor 256 through slip ring
58, brush 62 and conductor T¢ and control slip
ring 262 and its associated mechanism will be
omitted.

A shaft 14 is rotatable in an oil sealed bearing
12 (Fig. 5) having two external fluid connections
14 and 16 leading from the governor mechanism
generally indicated at 18. The connection 74
leads through radial ports to a channel 89 ex-
tending outboard through a member 82 which
is an extension of shaft (4. An annular piston
34 in cylinder 36 has a tubular hub extension 98
mounted for reciprocation on shaft extension
82. Connection 16 leads through radial ports
and longitudinal channels 84 in member 82 to
the exterior of member 82 through ports 85 be-
tween sealing rings 88 and 92 and ports 90 he-
tween rings 94 and 96. The tubular hub a3 of
piston 84 is also provided with a ring of ports 109
through which fluid may pass. Fluid may also
flow from channel 84 into the inboard end of
cylinder 36 through one or more check valves
102 arranged to open at a relatively low pressure
differential between the fluid in channels 84 and
in the space between the piston 34 and the in-
board end of cylinder 36. Fluid at the high pres-
sure (higher than governor control pressure) in
the space inboard of the piston may flow to chan-
nel 84 through high pressure check valve 104
which prevents the flow of fluid from channel
84 to the cylinder space and also prevents the
flow of fluid from the cylinder space to channels
84 until the fluid in the cylinder space has
reached the high pressure.

When fluid is supplied under governor control
pressure through connection 14 the fluid will
enter the space at the outboard end of cylinder
36 through channel 80 and force piston 34 in~
board and fluid from the space to the rear of the
piston will be drained through ports 100 and
channels 84 to connection 16 which will be vented
to the governor pump inlet. If the supply of
fluid to the front end of the cylinder is con-
tinued the piston will move inboard until ports
100 are covered by sealing ring 92, whereupon
fluid will be trapped in the space to the rear of
the piston and no further inboard movement
of the piston can take place since the governor
controlled pressure is less than the high pressure
necessary to open check valve 104, The closure
of port 100 by rings 92 thus constitute a low pitch
hydraulic. limit stop which predetermines the
minimum pitch angle of a propeller blade as long
as the propeller is functioning under governor
control. When fluid under pressure is supplied
to connection 76 and channels 84 the fluid will
enter the space to the inboard side of the piston
through low pressure valve 102 and force the
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biston outboard while fluid in the outboard end
in the cylinder will flow out through channel 80
and connection 74 which will be vented to the
governor pump inlet.

A high pitch limit stop for the governor con-
trolled operation of the propeller may be provided
in any one of several ways known to the art as
for example, by changing the slope of the cam
which rotates the gear 24, - Such a change in cam
slope is indicated at 42 (Fig. 1) therehy increas-
ing the resistance of the mechanism to further
pitch change to such an extent that the resist-
ance cannot be overcome by the hydraulic fiuid
at governor controlled pressure, but will require
the higher pressure as is applied during feather-
ing to the operation at the rear of the piston 34.

Propeller pitch changing mechanism, therefore,
operates between different predetermined low and
high pitch limit stops as long as the mechanism
is supplied with fluid at lower or governor con-
trolled pressure, but the pitch may be moved be-
yond either of the cam limit stops by the appli-
cation of hydraulic fluid at the higher pressure
which is sufficient to overcome the resistance of
the change in the cam slope to feather the pro-
peller or fo unseat check valve 184 to reverse
the pitch. The feathering and reverse pitch
operation will be deseribed later.

The governor is shown diagrammatically in
Fig. 5 to which reference is now made. ‘The gov-
ernor comprises a rotatable shaft {98 carrying
gear 1§56 which meshes with the gear 185 carried
by the engine driven shaft (4. A fange {10 which
is fized to the upper ends of shaft {08 pivotally
supports a pair of fly balls §{2. The shaft {48
may be made in a single piece as shown, or if
desired, may comprise several sections connected
together as by splined joints.

Intermediate its ends the shaft carries a gear
{{& which meshes with a gear (18 supported on
a hollow axle journalled in a governor base {i8
to form a booster pump. Hydraulic fluid is sup-
plied to this pump from any convenient source,
the source shown herein being the engine lubri-
cating pump {26 which is supplied through a con-
duit 122 from the engine oil tank or reservoir {24
and discharges through conduit (28, duct (28
and branch passage 128 to the intake of the
booster pump. A relief valve 127 limits the pres-

sure in conduit 128 and in conduit 3! leading to

the engine lubricating system. Oil from the
beoster pump blows through check valve (30 and
channel {32, through ports in a hollow shaft of
{68 into annular pressure chamber 134, between
annuiar lands 136 and {38 of a hollow piston rod
of a governor pilot valve 148 which is vertically

reciprocable in the hollow shaft {08 by the fly

palls 112 and a speeder spring 42 which act
oppositely on a flange 143 on the piston rod.
When the pilot valve 148 is forced upwardly, low
bressure oil supplied by the booster pump 114,
118 flows from the chamber (24 through ports
in the shaft 188 to channel {44 which communi~
cates with external fiuid connection-76. When
the Iow pressure oil is connected to fluid connec-
ticn 78, the connection 74 is connected through
channel {48 and suitable ports in shaft (08 be~
tween the lands 36 and 232 to the booster pump
inlet channel 128, thus establishing a vent
through relief vaive {27 of conduit {23! for 0il on
the inboard side of the pitch changing piston 34.
The results of admitting governor pressure fluid
through connection 78, as previously described,
is to move the piston 34 outbeard, i. e., to in-
crease the pitch of the blades with a resultant
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decrease in R. P. M. As the governor fly balls
112 slow down to permit the speeder spring {42
to depress the piston rod of valve 148 so that the
land 136 cuts off the low pressure governor fluid
passing from chamber 134 to channel 144 when
the predetermined speed has been reached for
which the governor is set. -

If the governor speed falls below the predeber-
mined value, pressure fluid in chamber 134 will
be admitted past the land 138 to channel 146 and
external fluid connection 74 to move piston 34
towards low pitch position while the fAuid on the
inboard side of piston 34 will be vented through
external connection 76, channel {44 and the hol-
Iow stem of pilot valve 140 into the intake chan-
nel 128 of the governor booster bump:. A relief
valve (48 is provided in the governor booster
pump discharge as is usugl in this type of gov-
ernor.

High pressure fluid is supplied to the pitch
changing mechanism in the propeller hub for
moving the piston 34 beyond the intermediate
constant speed range above described into the
special purpose ranges in which the blades are
feathered in one extreme position and reversed
in pitch at the other extreme position therecf.
To this end a high pressure pump 58 is supplied
from the reservoir 124, through conduii i62 and
discharges through conduit 154 into the governor
base 118.

The admission of high pressure fluid from

pump 150 to opposite sides of piston 234 is con-
trolled in part by the valve mechanism already
described in the propeller hub and by the gov-
ernor pilot valve. A solenoid valve §56 controls
the fluid pressure to the upper side of land 218
on the piston rod of valve (40 to position the
governor valve 140 to selectively admit high pres-~
sure fluid through either connection 74 or 1%
leading to the pitch' control mechanism in the
hub. A pressure cutout switch 158 is provided for
Interrupting the operation of the high pressure
bump 150 as will be described later. High pres-
sure pump (50 is driven by an elecirical motor
160 energized by a battery or other suitable scurce
of power 162, through conductor 184, switch {65
i68. The electrical apparatus
controlling the operation of switch {66 and sole-~
noid valve 156 includes cutout switch 158, push-
pull switch 170, toggle switch §72, and solenoid
switches 174, {76, 118 and {80,
- Switch 170 is normally biased by compression
springs 182 and 184 into an intermediate swiich
open position in which the movable bridging con-~
tact 186 is held between and out of contact with
two sets of stationary contacts, one of which set
is engaged by the bridging member when the
switch is pulled and the other of which is engaged
when the switch is pushed. The movable con-
tact member of solenoid switch 186 is constantly
biased into open position by spring {83 while the
movable contact member of cutout switch 153
is constantly biased into the closed position by
compression spring 99. Solenoid - valve {56 is
constantly biased to the right as viewed in Fig. 5
by compression spring 192 while the movable
switch members of solenoid switches | T4, 178, 178
and 189 are biased upwardly as viewed in Fig. 5
by tension springs {94, 196, 198 and 28¢.

Since the supply of electrical energy in an
airplane is generaly limited and the demand of
the electrical deicing system and the high pres-
sure pump (50 operating simultaneously may
exceed the supply, it is found advisable to inter-
rupt the deicing system while the high pressure
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pump is operating. To.accomplish this, a . relay
switch 390 has been.inserted between fhe deicing
timer 394 and the deicing relay 89. "Relay sWitch
390 is normally biased upwardly by.tension spring
392 as viewed in Fig. 5. This completes the. cir-
cuit between battery 162, deicing timer 394, con-
ductor 396, switch 217, conductor 398 and deicing
velay 69. The interruption of the electrical de-
icing is accomplished by energizing solenoid 220
of relay switch 380 which is in the same circuit
as that to energize the solenoid 214, for actuat-
ing motor (60 to drive the high pressure pump
{50. The following description includes the in-
terruption of the deicing system but if the elec~
trical energy supply of the airplane is adequate,
relay switch 390 may be dispensed with and de-
icing ¢an take place simultaneously with . the
operation of high pressure pump {56,

To operate the propeller blade into feathered
position, the movable switch {70 is pushed to
compress spring 182 and bridge one set of sta-
tionary contacts 202, 204 and 206. This com-
pletes a circuit from the positive side of battery
162 through conduit 208, contact 205, movable
bridging contact 186, to contact 202, through
conduits 210, 212, to solenoid 2{4 of switch 168
closing the circuit to motor 160 to start the high
pressure pump (50. This circuit also forms a
branch circuit to de-energize the deicing system
by opening switch 211 through conductor 218 for
solenoid 220. 'The above operation of switch 170
also establishes a circuit from battery 162 through
conductor 208, contact 206, moveble bridging
contact 186, contact 204, holding coil 222, con-
ductors 224, 226, and contacts of switch 158.

High pressure fluid will flow from conduit 154,
opening valves 233 and 235 through channel 228
and ports in hollow shaft 108, into chamber 214,
between larger diameter land 216 and smaller
diameter land 232 of piston rod of valve {40, thus
moving the governor pilot valve upward so that
high pressure fluid from conduit 154 can pass
through holes 234 and channel 132 into.chamber
138 within shaft 108 and thence to channel 144
and connection 716.

As previously explained, this fluid will act with
sufficient force to unseat valve 102 on the inboard
side of piston 34 and also to move follower mem-
bers 30 into the steeper special purpose range
of the cam slots to feather blades 18. As piston
34 reaches the outermost position in which the
blades are feathered, it reaches the limit of travel
in this direction either by the engagement of
followers 30 with the ends of the cam slots 38 or
by engagement of special stops which may be
provided for the purpose. High pressure builds
up on the discharge side of pump 150 and on the
inboard side of piston 34 when the piston travel
is stopped. This pressure acts through passage
236 which communicates with fluid connection
16 and chamber 238 of pressure cutout switeh
{88 causing movable contact 240 of this switch
which is carried by piston 242 to open the circuit
or holding coil 222, allowing spring 182 to return
switeh 176 to its intermediate open switch posi-
tion. This also interrupts the circuit through
solenoid 214 resulting in stopping high pressure
pump (50 with propeller blades in feathered posi~
tion. 'The engine cannot rotate the propeller
in feathered position of the blades and conse-
quently the propeller and the governor will stop
rotating and the blades will remain in the feath-
ered position until unfeathered.

Tn order to unfeather the blades, switch 170
is pulled to compress spring 184 and move bridg-
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ing member (86 into engagement with contacts
242, 244, 246 and 248 thus establishing a circuit
from battery 162 to conductor 208, contact 243,
movable bridging contact 186, contact 246, con-
ductor 250, solenoid 252, which engages the
switches of solenoid switch 174, conductors 254,
25@, brush 258, and electrical conductor segment
268 of control slip ring 262. A circuit is also com-
pleted from battery 162, conductor 208, contact
248, movable bridging contact 188, contact 244,
conductor 264, switch 266, conductor 2i2, sole-
noid 218 of switch 166 which closes the circuit
of motor 160 to start high pressure pump I50.
This circuit breaks the deicing circuit as pre-
viously described by opening switch 217. Still
another circuit is completed from battery 162,
conductor 208, contact 248, movable bridging con-
tact 186, contact 242, conductor 268, switch 270,
conductors 272, 214, solenoid 275 of valve 156.

High pressure fluid now flows from conduit
154, through holes 284 of opened valve 232 and
channel 267, through valve 156, this valve now
being movaed to the left to permit the fluid to
pass from channel 267 through channel 269 to
act on the upper side of a large diameter land
215, The high pressure fluid also flows as before
through channel 228 into chambher 214 where it
acts on the bottom surface of land 216 and also
on the top surface of land 232. Since the fluid
pressure on land 218 is balanced, the pressure
on the top surface of land 232 causes pilot valve
{40 to be depressed into a position such that the
high pressure fluid which passes through holes
234 and channel 132 into chamber (34 is now
permitted to enter the annular passage 271 which
communicates with channel 46, external con-
nection 74 leading to the outboard side of piston
34 to unfeather the blades.

- To carry out the unfeathering operation during

flight, the switch 1718 is held out manually while
the piston 34 moves the blades from the feath-
ered position. As long as brush 258 remains in
the contact area 260 of control slip ring 262 and
switch {70 is held out manually the unfeather-
ing operation will progress until the electrical
conducting section area 260 is turned past the
brush 258 breaking the circuit which will break
the circuit to coil 252 of relay {74, shutting off
the high pressure pump 159 and return the pro-
peller to the governor control. At that time the
switch {10 may be released as it no longer has
any function.

To reverse the pitch of propeller blades (8,
switch {72 is moved down, as shown in Fig. 7 and
its movable bridging contact 216 is moved down
to contact the stationary contacts 278 and 280.
As g result the following circuits will be estab-
lished: (1) A circuit from battery 162, conduc-
tors 282, 284, bridging contact 276, contact 218,
conductors 286, 274, solenoid coil 275 of valve
156. (2) A circuit from battery 162, conductors
282, 284, bridging contact 276, contact 289, con-
ductor 288, switch 290 of solenoid switch (78,
conductors 282 and 294, solenoids 296, 238 of sole~
noid switches {18 and 180, respectively, conduc-
tors 300, 302, 226, and contacts of pressure cut-
out switch 158. The energizing of solenoid coils
286 and 298 bring switches 304 of solenoid switch
{18 and switches 306 and 308 of solenoid switch
180 down into contact, as viewed in Fig. 7. When
solenoid switch {718 is brought down as shown
in Fig. 7, the armature 310 of solenoid 2{2 en-
gages the latch 314 of armature 316 and holds
solenoid switch 178 in a down or coniacting po-
sition. (3) A holding circuit is now formed
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from battery (62, conductors 282, 284, bridging
member 276, contact 280, conductors 288, 318,
switch 388, conductors 3'i and 294, solenoids
286 and 288, conductors 300, 302, 226, contact
boints of pressure cutout switch 158; (4) A cir-
cuit from battery 162, conductors 282, 320, 222,
switch $64, conductor 324 and solenoid 326. This
circuit will bring solenoid switch {76 down into
the position shown in Fig. 8 opening circuit (2)
as a result of opening switch 296. The holding
circuit (3) now maintaing switches 173 and i88
down. (5) A circuit is now established from bat-
tery 162, conductors 282, 329, 328, switch 348,
conductors 338, 332, switch 334, conductor 338,
and solenoid 214 to close the circuit to motor 168
for driving high pressure pump 158. This ecir-
cuit also interrupts the deicing circuit ag pre-
viously described.

High pressure fluid is now supplied from con-
duit {54 (Fig. 5 through holes 234 of opened valve
283, valve 156 and conduit 269 to the upper side
of land 218. High pressure fluid also passes
.through channel 228 to chamber 2(4 where it
acts on the upper surface of land 232 and on the
lower surface of land 216. Pilot valve {48 conge-
quently moves downward to permit the high
bressure fluid from chamber 134 into annular
bassage 271 and communicating channel 14§ and
external connection 74.

When the cam followers 30 have reached the 3

inboard ends of the cam slots or when the re-~
verse pitch stops are engaged, if such stops are
employed, the pressure on the outboard side of
piston 34 and the conduits leading thereto builds

up to-the full pressure developed by the high g

bressure pump {58.. This pressure in conduit
£48 is transmitted to the fluid in a channel 23§
to act on the right-hand end of valve 348 and
move the latter to the left admitting fluid to the
chamber 228 of the pressure cutout switech 158
and cause the switeh to open its contacts and in-
terrupt the holding coil eircuit for switch 180.
Switch {89 will therefore move to its normal open

position shown in Fig. 9 when the blades have.

reached the reversed pitch position and as a re-
sult circuits 3 and 5, previously described, which
were completed by moving switch 172 downward-
ly will be opened. .

Means is provided for maintaining circuit (1)
energized upon completion of reversing.  This
circuit, it will be recalled, consists of battery 182,
conductors 282 and. 284, bridging contact 218,
contact 218, conductors 286, 2714, solenoid coil 275
of valve {56. This is necessary to permit the low
bressure fluid from the governor booster pump
to flow through check valve 130, channel 261,
valve 15§, channel 289 to the upper side of land
216 which will keep the governor pilot valve (48
in the down position and maintain the propeller
in reverse pitch.

Switch 178 is maintained in the down position
by the engagement of armature 318 of solenoid
312 engaging the latch 314 of armature 316 of
switch {18, This is necessary to secure during
subsequent, unreversing s eircuit to the solenoid
214 to operate switch 166 and turn motor 160 to
drive high' pressure pump 188. This is ecircuit 4,
previously described, which energizes solenoid
326 of switch (16 and maintains switch 334 in
the down or contact position. These circuits are
shown in Fig, 9.

To unreverse the propeller blades, the switch
172 is moved up (as shown in Fig. 5) causing the
bridging contact 276 to contact contacts 342 and
e44. Moving bridging contact 216 breaks cir-
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cult 1, as previously described, which returis
valve 156 to the position shown in Fig. 5. Mov-
ing the bridging contact 278 upward establishes
a cireuit from battery {62 through conductors
282, 284, bridging contact 276, contact 344, con-
ductors 336, 332, switch 334, conductor 33§ and
solenoid 244 to close the circuit to motor {68 for
driving the high bressure pump {53. This cir-
cuit also inferrupts the deicing circuit as previ-
ously described. ) -

‘The hydraulic functioning is the same as that
previously described for feathering. When the
blades are in the reverse pitch position, the brush
258 is at the R position of control slip ring 252.

5 As the blade progresses out ©of the reverse pitch

position towards the constant speed range, the
brush will be in contact with g nonconducting
insulating segment 346 of control slip ring 262,
After the blades, in their unreversing movement,
bass LP (low pitch position), the brush 258 will
contact conducting segment 348 of control slip
ring 262. As this contact is made a circuit from
battery {62, conductors 282, 284, bridging con-
tact 28§, contact 342, conductor 359, solenoid 312,
conductors 352, 258, brush 258, segment 348 will
be established. 'This circuit will energize sole-
noid 312 retracting armature 319 from the latch
314 of armature 316 of switch §78. This will
open . previously. described circuit 4. Opening
this circuit will de-energize solenoid 328, releas-
ing switch 176 permitting it to return to the up
position as shown in Fig. 5 and opening the cir-
cuit to sblenoid 2{4 which shuts off the power to
moter 180 and high bressure pump (83. This
stops the action of the high Dbressure fiuid and
returns the propeller to normal governor opera-
tlon. Switeh 192 and itg bridging member 218
remain in their up position as viewed in Fig. 5
with all circuits de-energized, ‘ ;

It will be evident that as a result of this in-
vention g particularly simple and reliable means
has been provided which is entirely automatic
for returning the propelier to governor operation
tollowing unfeathering and unreversing opera-
tion. It will further be evident that the im-
broved means above-described insures that the
propeller will be subjecied. to high pressure Auid
only during the short tune that it is actually re-
quired for moving the blades in the special pur-
bose ranges. It will also be evident that an ex-
cessive electrical demand will not be imposed
upon the airplane electrical system if it cannot
accommodaie both the deicing system and opera-
tion of the high pressure fluid pump simultane-
ously by inter’rupmng the former while the latter
is operating and omiy then. It will be further
noted that the improved means of this invension
for returning the control to she governor, does
not require the atteéntion of the pilot during un-
featheriiig to release switch {1¢ as the particular
time to prevent overspeeding of the enging, as
the unieather means is automatically dizscon-
tinued when the ‘Propeller has returned to the
governior range. it will' be turther noted that
the improved means of this invenuion for return-
ing the control to the governor does not require
the attertion of the pilot during unreversing, the
only action reqiiired ot the pilot being the moving
of toggle switeh 112 to the unreverse position to
initiate the unreversing operation.

While’ several embodiments of the invention
have been shown and have been described and
illustrated in the accompanying drawings, it will
be understood that these particular embodiments
of the invention are shown for burposes .of illus-
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tration only and that devrations in the construc- ' manually controlled electrically actuated means
tion and " operation of the mechamsm may be connected with said govern‘ “and said deieing
hiade without departing from'the spirit and scope means’ for disablmg said g0 ernor control and
of ‘the invention as deﬁned 1n ‘the appended sa1d electrical deicing iheans ‘and moving said

claims EER . SR S 5 blades beyond said range ahd for retuining said
“What it is desued to be secured by Letters Pat- blade to said range,” electric means operatively
ent is; 7 connected With said blades, said deicing means
"1."In combination with-a propeller having con- and ‘said electrically actuated means and respon-

trollable piteh blades, a’ governor “for controlhng sive to pitéh changing ‘movement of said blades
the pitch of said blades within a predetermined 10 in changmg pitch "from beyond said range into
range, manually ¢ontrolled ~means connected said Tange for disabllng said manually controlled
withi said goveriior and" §aid ‘blades for” disabling electrically actuated means ‘automatically” Te-
conitrol’ by said governor ‘control’ ‘and ineluding storihg operation of said electrical dexcmg means
iéans’ for moving said blades beyond’ said range and’ returmng said propeller to governor ‘control.
and: for retmmng said biddes to'said range and 15 6. In"a controllable pitch propeller havmg a
electrically ‘actiated medns connected with said normal piteh ‘rangé and a special purpose ratige
Mmanially’ controlled means and ‘said blades and and having electrical deicing’ Theans associated
controlied by ‘Said plades for automatically dis- with the propeller blades, a shp ring carried by
-ablifigsaid manually controlled means and ‘auto- ‘th€ blade and & brush’ cooperating with. said ring
nidtically “réturning* Said’ propelie ’to gov n’or forming part of the deicer “eirciit, propeller pitéh
control “when said blades paSs 1nto said contiol” meéans ineluding - ‘électrically actuated
fiom beyond said rahge.”" i - mechamsm for changmg “the blade pitch in’said
“9, In combination With a propeller having con- speeial purpose range; ifisulation, associated with
trollable’ Pitch “blédes, electrical” means for” de- said’ ring carried by ‘said blade, formmg sxgnal
icing” said” blades, ‘means “for- varf 5 the” pif credting’ ‘means, “signal receiving means forming
of"said blades in a noérmal’ ‘rangé o operati n, a'part of said propeller pitéh ¢ontrol meais, said
electrically “énergized ‘means  including me¢ha-  brush and slip ring forming a part of the sighal
nism for moving “said’ blades beyond ‘said n a.l tfansmitting” ¢irevit connecting said brush and
range, a circuit ‘Breaker connected “with id said signal receiving meang and means actuated
déicer and said electncally en ; ‘A by said “signal 'receiving" means disabhng said
automatically “actuated by energiza i electrically “actuated’ ‘meéchanism. -

rmechanism to ‘maintain’ said “electrical -deicing 7. In"a controllablé pitch propeller having a
meéans: 1noperat1ve ‘while said electrically ener- normal pitéh Fange ‘and a Specid)] Purpose range
g1zed means§ is’ energlzed s and’ having” ‘electrical” deicing means associated

~3. Ini coribination; a ‘propeller having variable 35 with the propeller ‘blades, & dlip ring carried by
pitch“blades, a fluid “operating: ‘piteh “changing the blade arid ‘& brush’ cooperating with said ¥ing
motor theréfor; electrical means for deicing satd ~ and forining part of tiie deicer circuit, propeller
blades, a governor' controlling' ‘the ‘admission of piteh control means mcluding 4 governor for con-
fluid to said motor to'vary the pit said blades trolling the blide piteh in §aid normal range and
in a normal operating range of pitch’ variation, 10 electrically actudted fiechanism for changmg the
electrically ‘actuated means for supplying fluld to ~ blade pitch in 'said- special purpose range, said
said motor at & pressure ‘higher than the 20 pa slip ring having rion-conducting portions at se-

- C lTected segments ‘of said ring forming signal c¢reaf-
ing means, said electrically actuated mechanism
including: sigrial receivmg ‘means actuated by in-
terruption “of ° electrical cutrent through sald
delcér TiAg to de-energize said’ electrically actu-
ated mechanism.

‘8. I’ & conitrollable pitch propeller having a
normal pitéh rénge and & special purpose range
and having ‘eléctrical’ deicmg meahs associated
with the propeller blades, a slip ring carried by
the blade and:a brush cooperatmg with said ring
forming’ part of thé deieer circluit; propeller pitch
control' means mc"luding a, goVernor for control-
lifig the blade pitch 'in said’ nofmal  range and
electrically - actuated mechamsm for changmg
the blade pitch in said spe<:1al purpose range, sald
slip ¥ing” having non-conducting portions at se-
lected segments of said ring formmg slgnal
creating ieans; said electrically dctuated mech-
anism’ includmg sighal'réceiving means actuated
by éstablishinig an’ electrical current through sald
deicer ring to dé- energize said electrically actu-'
ated meéchanism.” "

97 In & 'controllable pitch propeller having a
sponding- to~said- special” purpose’ _ normal pitch range and & special pufpose range
terrupting the flow -of electrical energy to sard and having electrical deicing’” meéang associated
electrically actuated mean" . with.the propeller blades, a slip ring carried by,

5. In combination with'a propeller having con- 79 the blade and & brush’ cooperatmg w1th said nng
trollable pitch blades, electrical “biade “déicing forming part of the deicer circuit, ‘propeller pitch
means for deicing said‘blades; a speed responsive control means mcludl g a governor for control-
governor operatively connected with said blades lmg “the blade pitch 'in 'said normal range and
for controlling the pitcéh of the blades within & electrically actuated mechanism for changing the
predetermined range in accordance with’ speed; 756 blade piteh in said §pecial plrpose range, said slip

governor control Thnese,” and al 1rcu1t br
connetted ‘With said’electrically” actuated ]
atitomatically 1nterrupt1n
means 1ncident to energiz

therefor, “a” governor control 1ng
through a normal pltch changmg range‘ e
cally’ actuated means Tor controlling “Said pitch'
changing motor in a* spec1al pUrpose ¥
yond said normal means an electncal

blades ‘and contacting said brush a
with §aid’ de1c1ng elements and“ sai ;
actuated ‘means for' transmittmg
ergy to said blade deicmg elem
ling said- electrically dctuated
slip: ring having“an “insulated
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ring having non-conducting portions at selected
segments of said ring forming signal creating
means, saig eleetrically actuated mechanism in-
cluding signal receiving means actuated by inter-
ruption of electrical current through said deicer
ring to de-energize said electrically - actuated
mechanism when. said blades enter said normal
piteh range from one direction and actuated by
establishing an electrical current through said
deicer ring {o de-energize said electrically actu-
ated mechanism when said blades enter said nor-
mal range from the other direction.

10. In combination with a propeller having
conirollable pitch blades, a pitch changing motor
therefor, a governor connected with said motor

10

15

for controlling the pitch of said blades in the °

horinal range of pitch variation, electrically con~
trolled means connected with said governor and
energizable to disable said governor and operate
said blades in pitch changing movement beyond
sald normal range in feather or reverse pitch
range, means carried by said blades for making
and breaking electrical circuit in said electrically
controlled means, means responsive to breaking
said circuit for de-energizing said electrically
controiled means, means responsive to making
sald circult for de-energizing said electrically
controlled means, and means responsive to de-
energizing said electrically controlled means for
automatically returning said motor to governor
control, said circuit making and breaking means
adapted to break a circuit, interrupt said electri-
cally controlied means, and automatically return
said motor to said governor control when said
blades pass from said feathering range to said
normal range, said circuit making and breaking
means adapted to make g circuit, interrupt said
clectrically controlled means and automatically
return said motor to said governor control inci-

dent to passage of said blades from said reverse -

piteh range to said normal range.

11. In combination, a propeller having varisble
pitch blades, a hydraulic pitch changing motor
therefor, a governor controlling the admission of
finid to said motor in a normal operating range
of pitch variations, a source of fluid pressure,
means for selectively connecting said source with
said motor to move said blades beyond, and re-
turn the blades to, the conveyor control range,
bressure responsive means hydraulically con-
nected with said source, other means connecting
said pressure responsive mean and said source for
controlling said fluid pressure source, electrical
means operatively connected with said source for
conbrolling said fluid pressure source, means for
creating a pressure surge in said fluid from said
source to astuate said pressure responsive means
and disable said source when said propeller blades
reach feathered position and reversed position
and means actuated by movement of said blades
for operating said electrical means and auto-
matically disabling said source incident to move-
ment of said propeller blades from feathered
position and reverse position to said operating
range.

12, In combination, a propeller having variable
pitch blades, a hydraulic pitch changing motor
therefor, an electrical means for deicing said
blades, a governor controlling the admission of
fluid to said motor in a normal operating range
of piteh variation, a source of fluid pressure,
means for connecting said motor with said source
for operating said motor to move said blades
beyond the governor control range, pressure re-
sponsive means connected with said source for
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controlling said fluid pressure source, a second
electrical means connected with said source for
controlling said fluid pressure source, means for
creating a pressure surge in said fluid from said
source to actuate said pressure responsive means
and disable said source when said propeller blades
reach feathered position and reversed position
and means responsive to movement of said pro-
peller blades from feathered position and reverse
position to said operating range for automati-
cally actuating said second electrical means to
disable said source, ‘and means responsive to
operation of ‘the piteh changing motor to move
said blades ‘to feathered position and reversed
position and responsive to operation of the pitch
changing motor to move said blades from feath-
ered and reversed position to said normal operat-
ing range for automatically interrupting the flow
of electricity to said electrical deicing means.

13. In combination with a propeller having
controllable pitch blades, g pitch changing motor
therefor, a governor controlling said motor in a
normal range of piteh change, electrically con-
trolled means for operating sald motor beyond
sald range into and out of reverse pitch, a slip
ring carried by said blade, a brush carried by
said propeller contacting said slip ring, said slip
ring having an insulated segment corresponding
to reverse pitch range, manually actuated control
means for energizing said electrically controlled
means to move said blades to reverse pitch posi-
tion, manually actuated means to initially ener-
gize said electrically controlled means to move
sald blades from reverse pitch position toward
sald normal range, an electrically actuated circuit
breaker for breaking the cireuit to said electri-
cally controlled means, said circuit breaker being
actuated upon contact of said brush with the
uninsulated portion of said slip ring, said insu-
lated segment maintaining said circuit breaker
inoperative by insulating said brush from said
slip ring during a selected blade pitch range, and
said circuit breaker being actuated to interrupt
said electrically controlled means when said brush
no longer contacts said insulating segment.

14. In combination, a propeller having variable
pitch blades, & hydraulic pitch changing motor
therefor, a governor controlling the admission of
fluld to said motor in a normal operating range
of piteh variation, a source of fluid pressure
means connecting said source with said motor for
operating said motor to move said blades beyond
sald governor controlled range in feathered and
reverse pitch ranges, electrical control means for
controlling said fluid pressure source, means actu-
ated ineident to movement of said blades to
feathered and reverse pitch positions for auto-
matically actuating said electrical control means
to render said source ineffective to change blade
pitch when said blades have been moved by said
motor to feathered position and reverse pitch
position and means actuated incident to return
of said blades to normal position for automati-
cally actuating said electrical control means to
render said source ineffective to change blade
pitch when in the unfeathering movement and
unreversing movement said blades reach prede~
termined positions in the normal governor con-
trolled pitch range.

18, In a control for a controllable pitch pro-
peller blade comprising a, hydraulically actuated
bitch changing motor, a source of fluid supply,
a governor having a governor valve for control-
ling the flow of Auid from said fluid supply to
said motor to maintain substantially constant
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propeller speed, governor valve moving means e . .
connected with said governor valve, a. second Reterences- Cited in the file of this patent
source of fluid supply including. an electrically UNITED STATES PATENTS
actuated pump, electrically actuated valve means )
for directing fluid from said second’ source to 5 Ngnggegiz MmIl\Iame Au Dza‘;elgﬁz
said governor valve moving means to selectively o 338,973 Beeben “““““““ Ng;r o 1943
move said governor valve to direct fluid from said 2'3 46’00; Chin: ;1 “““““““ ’ A r' 4’ 1944
second source to one sidé orf tle.other of said 2'4'02’-06'5 Ma. tifx ““““““““ b urlf '11* 1946
motor, a slip ring having conducting. and insu- 2402770  Po el T o S o5 1946
lating portions and movable in timed. relation I0 27 437771;88 Forsyth oo N?:r 2' 1943
with. said blade, a switchi and connections for 2 444 557 Eaton - July. 6, 1948

completing the electrieal circuit to sald. electri-
cally actuated pump, including a conmection
through said slip ring; said’ ihsulated portion
breaking said’ connections. and stopping sald I6
pump when. the blade reachies: a. predetermined

position.. .
CATLVIN D. McCARTHY.




