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tion, certain of the parts being shown in eleva This invention relates to propellers and more 
particularly to propellers of the tandem or dual 
rotation type. . . . " . . . . . 

It is the principal object of the invention to 
provide a propeller comprising two groups of pro 
peller blades mounted coaxially and driven oppo 
sitely to each other in which provision is made 
for adjusting the pitch angle setting of both 
groups of blades as desired. 

of Fig.2 
It is a further object to provide a propeller 10 

of this character in which the pitch of the two sets of blades may be adjusted with a predeter- . 
mined differential setting with respect to each 
other such as to provide for the utilization by the 

over-all output and efficiency. 
It is also an 'object to provide such a propeller 

in which separate sources of power are provided 
for effecting adjustment of the pitch of each of 
the sets of propeller blades and arranged for 

90 

proper concurrent control, either manually or 
automatically. . . . . . . . . . . . . . ." 

It is a further. object to provide a separate 
source of hydraulic operating power for adjust 
ing the pitch of each of the sets of blades dispens 
ing with the use of fluid pressure transmitting 
connections between relatively movable parts. . 

It is a still further object to provide a dual 
rotation propeller assembly in which each of the 
propellers has its own hydraulic adjusting mech 
anism and in which one of the propellers is in 
dependently controlled and the other controlled 
dependently in accordance with the position oc 
cupied by the first so that the two propellers at 
all times occupy proper, relative positions. 35 

It is a further object to provide a dual rota 
tion propeller of this character in which each of 
the propellers is substantially balanced within the 
normal flight range so that the pitch of the blades 
tends to remain in a predetermined operative 

adjusting mechanism; 
40 

position in the event of failure of the adjusting 
or control mechanism. 

Ir is a stili further object to provide a dual 
rotation hydraulically adjustable propeller assem 
bly in which the pitch of both sets of propeller 
blades is easily and rapidly adjustable over a wide 
range of blade angles and into a feathered posi 
tion. . . . . . . . . . . . . . 
Other objects..and advantages will be apparent 

from the following description, the accompany 
ing drawings, and the appended claims. . . . 
In the drawings 
Fig. 1 is a general assembly view of the dual 

rotation propeller in accordance with this inven 

45 

rear propeller of energy in the slip stream from 35 
the forward propeller to develop a maximum 

Fig.16 is a transverse sec 

of the forwardhub; 
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tion and others being sectioned to more clearly 
show the construction thereof; . 

niSm; . . . . . . . . . . . . . . . - - 

Fig. 4 is a detail sectional view on the line 4-4 
of Fig.2 showing the pump valve mechanism; 

Fig. 5 is a detail sectional view on the line 5-5 of Fig.2 showing the pump mechanism; 
Fig.6 is a detail sectional view on the line 6-6. 

of Fig. 2 showing the conštruction of the ac- i 
LLLLLLLLSS S SSS 
Fig.7 is a detail séctiönal view' ön the line T-7 of Fig.2 showing the speed responsive regulating 

mechanism; . . . . . . 
Fig. 8 is a transverse sectional view on the line 

8-8 of Fig. 1 with certain of the parts being 
broken away to show the construction thereof 
and with the outer casing removed;. 

Fig. 9 is a view looking toward the régulator 
idevice in the diréction of the arrows 9-9 on Fig. 
2, and with the outer housing or casing of the 

??d; 
Fig. 10 is a view partially insection and par 

ially in elevation looking toward the face of the 
ing the maniner in which ?? ? ?. f. ,1?:... ,_*. ?? ?? 
nections are made thereto; 

Fig. 11 is á sectional viéw through the blade 
socket öh.the line - óf Fig.10; , 

Fig. 12 is a transverse sectional view showing 
the adjusting mechanism ön the line 12–12 of 
Fig.1; . . . . ... 

Fig. 13 is a sectional view on the line 3-3 
of Fig.12 further showing the construction óf the 

Fig. 14 is a detail sectional view on the line 
f4-14 of Fig. 12; ... 

Fig. 15 is a detail sectional view on the line 
5-15 of Fig. 13; ............ 

w jši sectional view on the line f6-f6 of Fig.1 showing the hydraulic mechanism. 
Fig. 17 is a view partially in section and par 

tially in elevation with the casing removed from 
the forward hub; . . 

50 Fig.18 is a front elevational view of the for ward hub with a part thereof being broken away 
to show the operating mechanism for securing 

55 
the follow-up action; Fig.19 is a detailed plan view showing the re 
movable cam plate which provides for changing 
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the position of response of the forward hub with 
respect to the rear hub; 

Fig. 20 is a partial detail view showing the 
manner in which the adjustment of the Setting 
of the regulator valve in the forward hub is Se 
cured; 

Fig. 21 is a schematic representation of the 
principles of control as present in this invention; 

FigS. 22-24 are diagrammatic representations 
illustrative of the manner in which the regulation 
of the pitch setting of the forward hub is ob 
tained; and , 

Fig. 25 is an elevational view on a smaller scale 
of the assembled dual rotation hub. 
The invention relates to a dual rotation adjust 

able pitch propeller, that is one in which Suitable 
drive mechanism is provided for operating a for 
Ward hub in one direction and a rear hub at the 
same speed but in the opposite direction. The 
blades carried by the respective hubs are of op 
posite pitch so that the thrust, produced by both 
sets of blades takes place in the same direction. 
The two Sets of blades are mounted in tandem, 
and are arranged coaxially and relatively close 
together, ordinarily Spaced apart a distance less 
than the radius of the blade, as shown for exam 
ple in Fig. 25. It is found that such an arrange 
ment results in balanced reaction forces and in 
Substantially increased efficiencies particularly 
under high Speed conditions and With high pitch 
Settings of the blades. 

In accordance with the present invention, the 
pitch angles of the blades of both sets are adapted 
to be adjusted or varied in order to Secure the 
best results under all conditions of operation. 
Provision is made for regulation of the assembly 
to a constant speed condition under varying flight 
conditions, and for the preselection of a desired 
speed to be maintained within the operating 
range of Speeds, manually or under the control of 
instruments. The blades may be operated and 
adjusted over a wide range of pitch settings 
varying from Small angles, or from a position of 
negative pitch if desired, up to high operating 
angles and into a fully feathered position. Both 
sets of blades are concurrently adjustable either 
to the same pitch or to a pitch such that there 
is a predetermined differential in the setting of 
the two blades as found most desirable and such 
adjustments are effected positively and rapidly. 
Furthermore each hub assembly is complete in 
itself, each incorporating its own hydraulic sys 
tem, including pressure developing, controlling, 
and applying mechanism. Thus there are no 
running joints between relatively rotating parts 
through which fluid operating pressure is re 
quired to be transmitted under pressure, and a 
highly satisfactory construction and operation 
are thus Secured. 
The invention may be utilized in conjunction 

With Various types of adjusting mechanism for 
Varying the pitch of the blades, and is not limited 
to any particular arrangement for this purpose. 
It is particularly adapted however for use in con 
junction with the propeller mechanism shown in 
applicants' copending applications Serial Nos. 
279,530 and 279,531 filed June 16, 1939, now U. S. 
Patents 2,307,101 and 2,307,102. For purposes 
of illustration, the invention will be hereinafter 
described as embodied in a propeller constructed 
generally in accordance With Said Copending ap 
plications. 

Referring to the drawings which disclose a 
preferred embodiment of the invention, there is 
shown an engine housing 0 from which there 
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extends an inner drive shaft and an outer 
concentric drive shaft 2. Suitable transmission 
mechanism is provided for driving these two 
shafts in opposite directions and at the same 
Speed, Such mechanism not forming a part of 
the present invention and not being shown in the 
drawings. 
The rear or inner hub indicated generally at 

4 has a plurality of blade sockets 15 associated 
thereWith in which are mounted the propeller 
blades 6. As shown the hub comprises three 
Such Sockets and a corresponding number of 
blades, it being understood that any number of 
blades and blade Sockets may be provided as de 
sired. The drive shaft 2 and hub 4 are pro 
vided with cooperating spline parts 20 which pro 
Wide for receiving and removing the hub in proper 
driving relation over the shaft. It is held in 
place thereon by a wedge ring 2 adapted to 
WOrk against a tapered ring 22 at the inner end 
of the shaft. A lock ring 23 provides for retain 
ing the ring 2 and the hub in assembled position. 
The drive Shaft 2 terminates Within the con 

fines of hub 4, while shaft extends forwardly 
and receives thereon, the outer or forward hub 
25. This hub is similarly provided with a number 
of blade sockets 26 shown as being the same num 
ber as provided for the rear hub, in which are 
mounted the several blades 27. The hub 25 and 
drive shaft have cooperating spline portions 28 
which provide for removably receiving the hub in 
operating position over the drive shaft. It is held 
in place by means of wedge ring 30 working 
against a tapered ring 3 which is backed by a 
nut 32 fastened upon the drive shaft. Wedge 
ring 30 is retained in place by the forwardly pro 
jecting sleeve 35 in accordance with the usual 
propeller construction. A locking pin 36 prevents 
relative rotation between the sleeve 35 and the 
drive shaft. , and snap ring 37 received in a 
groove in hub 25 provides an abutment to facili 
tate removal of the hub from the shaft. A sheet 
metal housing section 38 is preferably provided 
Over the forward nose of the propeller to mini 
nize wind resistance and to enclose the end of 
the hollow drive shaft. It will be noted that the 
inner drive shaft f is hollow, and offers no ob 
Struction to the mounting of cannon or the like 
for firing through the hollow drive shaft. 

In order to afford proper Support, for the for 
Wardly extending drive shaft f, there is provided 
a roller bearing 40 having an inner race 4 car 
ried by the shaft and held in place by nut 
32 and an outer race 42 in supporting contact 
With the forwardly projecting portion 43 of the 
inner hub 4. In this way proper alignment and 
support for the two rotating shafts is provided. 
A Substantial part of the mechanism for secur 

ing adjustment of the Setting of the blades is 
the same in the two hubs, and accordingly atten 
tion Will be directed to the rear or inner hub, 
the construction of which will be described first, 
and thereafter the differences in construction in 
the forward hub will be described. 

Referring to Figs. 1 through 14, the construc 
tion in the inner hub comprises a radially extend 
ing plate or casting 50 which is carried by and 
rotatable with hub.f4, being removably held in 
place thereon by a locking ring 5 threadedly 
engaged upon the hub. Attached to the outer pe 
riphery of plate 50 by means of bolts 52 is a casing 
or housing member 53 which together with the 
plate 50 forms a reservoir for receiving a quantity 
of pressure operating fluid. ?' 
A stationary member 55 extends into the hous 



inwardly on its pressure stroke by the high points 
-on the cam and alternately pressed outwardly. On 

sing, being bolted by means of bolts : 56 to : an 
adapter plate 57 connected to the engine. Casing 
or to some suitable non-rotating part. It is 
formed with an axially extending sleeve part 58 
located immediately out Wardly of sleeve 5 and 
'extending adjacent plate 50, and projecting radi 
ally outwardly thereof it is formed with a cam 
member 59. The jointS or points of running Con 
tact of the reservoir and this stationary member 
are sealed to prevent loss of fluid. For this pur 

s 

O 
pose a washer, 60 is provided, which is held in 
place against the adjacent surfaces of plate 50 
and sleeve 58 by compression spring 6, the whole. 
being retained by a plate 62 bolted to the inner 
surface of member 50 by means of bolts 63. At 
the point of contact of the casing 53 with the 
stationary member 55, a similar Sealing joint in 
dicated generally at 64 is provided, thus assuring 
the maintenance of an effectively sealed reservoir 
for containing the Operating fluid. 

It is found at times that under operating con 

? 

its suction stroke by the spring:86. , Provision is 
made for ready...removal and replacement of the 
spring by means of a movable cap 88 threaded into 
the housing: portion 75 and having a shank. 89 
thereon for guiding spring 86 thereover, the Spring, thus being easily replaceable. 
The pressure chamber: 90 of the pump com 

:municates directly by passage.90a, with the inter 
mediate chamber 9 of the valve mechanism If. 
This mechanism as shown in Fig. 4 also, is 
mounted Within the plate 50, and comprises a suc 
tion inlet valve 92 mounted upon a central guide 
pin 93 and resiliently urged toward closed seating 
position, by means of spring: 94. Theinlet port is 

20 

ditions, and the normally resultant increase in. 
temperature, air which may have leaked into the ties passing into the fluid system. 
reservoir is subject to expansion and may pro 
duce a pressure increase in the reservoir. To re 
lieve, such pressure, increase, the reservoir, at a 
radially inner point thereof is provided With a 
pressure release in the form of a ball check valve 
66 resiliently urged toward seating position by 
means of spring 67. Escape of air under pres 
sure is permitted through this Valve, but fluid 
will not escape because under conditions of oper 
ation the fiuid is located at the radially outer 

25 

:30 

shown at 95 in direct communication with the 
reservoir and being located radially, outwardly 
rthereof so that it will be assured of receiving, a 
'Supply of the fluid from the reservoir during op 
eration. If desired: a suitable protection device 
may be located: Over the inlet to prevent impuri 

An outlet or discharge valve 96 is mounted 
upon the guide, pin.93. and resiliently urged to 
ward seating: position by Spring.97. It controls 
the discharge from the pump chamber 9 to the 
discharge chamber 98. , * . . . . . 
AS Will be apparent from the above the opera 

ition of the pump. and Valve mechanism is as fol 
lows. Upon the rotation of the hub and plate 50, 
the pump is carried around with respect to cam 
59, thus causing the pump piston to be alternately 

portion of the reservoir and hence exerts no pres 
sure as such upon the relief valve. Upon cooling, 
should the pressure within the reservoir fall below 
atmospheric, air may seep into the same through 
the sealed joints above described to equalize the 
preSSure. . . . . . . 

Within the reservoir there is located a self 
contained pressure developing and controlling 
system so that fluid pressure is not required to 
be transmitted from a stationary or non-rotating 
part of the propeller into the hub, and hence no 
packed joints operating under high pressure con 
ditions are required. Pump mechanism is located 
within the housing preferably comprising, a pair 
of pressure, developing pumps. These pumps are 
shown. at 70, and as illustrated in Fig.2, are sluit 
ably spaced from each other arcuately so, that 
they will function in predetermined timed rela 
tion to each other. Each pump has its own assor 
ciated valve mechanism, and there is also asso 
ciated therewith a common relief valve mecha 
nism indicated generally at 72. 

Referring now to the pump mechanism, as 
shown in Fig. 5, the pump is mounted within the 
plate 50, a suitable elongated chamber 75 being 
integrally formed in the plate to receive the pump. 
The pump piston 80 is mounted for sliding move 
ment in a direction parallel with the axis of rota-. 
tion within cylinder 81. It carries at its outer 

35 

45 

50 

noved in Ward and outward with respect to its 
cylinder. Upon outward movement the pressure 
in the valve chamber 9 is reduced, thereby clos 
ing valve member 96 and causing valve member 92 
to open to draw fluid thereinto. Upon the re 
turn or pressure stroke of the pump, valve mem 

4. ber 92 closes because of the excess of pressure 
Within the pump chamber, and valve 96 opens to 
provide for discharge of the fluid into the pressure 
or discharge chamber 98. Preferably a connec 
tion in the form of tube 99 is provided between 
the two pressure chambers so that the pressure 
Will at all-times be substantially equalized there 
between, the two pumps operating in timed se 
quence With respect to each other by reason of 
their relative location with respect to the high 
points on the cams. . 
When a sufficient operating pressure has been 

developed to afford proper operation, it is no 

55. 

longer neceSSary that the pump mechanism con 
tinue to supply fluid under pressure, and its con 
tinued operation would merely result in unneces 
Sary Working and heating of the fluid. In order 
to relieve the action under such circumstances, 

60. 

end a cross-shaft. 82 having arms 83 projecting 
therefrom which are guided in slots 84 formed 
within the outer end of the: cylinder 8... This 
construction provides for reciprocating movement 
of the piston, preventing angular or twisting no 
tion thereof. A compression spring 86 normally 
urges the pump piston outwardly, of the cylinder, 
and into such position that roller-87, carried upon 
the cross-shaft 82, runs in continuous bearing en 
gagement with fixed cam 59. The cam is prefer 
ably provided with two lobes or high points, such 
that upon operation of the hub and with the pump 
being carried around, the pump piston is forced 

65 

the relief valve T2 is provided. As shown, this 
Valve is also mounted within the plate 50, and 
comprises a movable piston member 50, having 
a land 0 thereon and a second land, 62 of 
greater diameter. The piston is movable within 
a cylinder 03 having proper internal diameter 
to receive the two lands therein. The cylinder is 
ported at 104 in the range of land of and a con 
nection 05 leads thereinto from the valve cham ber 91. A second port 06 in the range of land 
if O2 is provided and connection f OT leads there 

O 
and is preferably apertured at its outer end as 

5 

into from the discharge chamber 98. The in 
terior of the valve 100 may be hollow as shown 

shown at 08 in order to permit free inflow and 
outflow of the fluid therefrom as the valve moves. 
Also stop plates. 09 and if 0 are provided at the 
inner, and Outer limits respectively of the travel 
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of the waive, plate to being removably held in 
place to permit of ready removal and replace 
ment of the Valve. 
The operation of this mechanism is as follows. 

In the position shown in Fig. 3, land Of covers 
port fo4 and hence the pump pressure from 
chamber 9 is not effective. However the tube 
it is opened to the space between lands Ol 
and C2, and the pressure of chamber 98 is there 
fore effective thereira. Because of the difference 
in the projected areas of the lands, there is a 
resultant force established tending to cause move 
ment of the Valve member radially inwardly. The 
Valve body itself is subject to centrifugal force, 
and its weight is suitably selected to be respon 
sive to a predetermined speed condition. As the 
pump continues to operate, the pressure within 
the discharge chamber 98 builds up, and if not 
required for use, reaches a maximum desired 
Value. At this point, the force acting upon the 
Valve body CO is sufficient to overcome the effect 
of Centrifugal force thereon and results in in 
itiating movement of the Valve body radially in 
Wardly. As SOOn however as the valve begins to 
move in Wardly, the centrifugal force effective 
thereon decreases because of its lesser radial dis 
tance from the axis of rotation. As a result the 
Valve quickly is moved into its innermost posi 
tion, and in such position the land Of uncovers 
the port 4 and permits fiuid to flow there 
through from pump chamber 9 directly back to 
the reservoir. Thus while the pump continues to 
Operate, it merely circulates the fluid substan 
tially Without pressure and hence performs only 
a Very Small and unobjectionable amount of work. 
The preSSure Within the discharge chamber 98 

is maintained meanwhile by reason of the clos 
ing of valve member 96 which thus functions as 
a check valve to retain the pressure in the sys 
tem. Should operating fluid be required, or upon 
Such leakage taking place as to reduce the pres 
Sure within chamber 98, the pressure effective 
upon the differential area of Valve O becomes 
less than that necessary to retain it in its inner 
position. At this time it begins to move out 
Wardly, and since the centrifugal force increases 
with its greater radial distance from the axis of 
rotation, it in mediately moves to its outermost 
position, completely closing relief port f4, and 
providing for the continued delivery of pressure 
fluid to the discharge chamber 98. , 

It Will thus be seen that the operation of the 
valve is unstable, and that it necessarily adopts 
One or the other of its two extreme positions. It 
Will also be noted that inasmuch as the valve 
body is Subjected to greater centrifugal force at 
higher speeds, it Will automatically provide for 
building up and maintaining a greater pressure 
Within the discharge chamber 98 at higher speed 
conditions. The actual Speeds at Which the valve 
will function are suitably selected by varying the 
weight of the valve, and it will be seen that it 
can be readily removed and replaced by a waive 
of different weight as required. Further the de 
gree of preSSu'e drop which Will result in the out 
Ward movement of the valve body may be regu 
lated by changing the relative diameters of lands 

and f2, and by varying the degree of radial 
novement of the valve. 

In order to provide for delivery of the pressure 
fluid from di Scharge chamber 98, a pair of tubes 
í 5 are provided which communicate with that 
chamber and are located in the body of plate 50, 
being preferably cast to forin an integral unit 
thereWith. These tubes lead arcuately around 

the drive shaft and into communication by parts 
6 with a plurality of accumulators indicated 

generally at 7. As shown in detail in Fig. 6, 
the accumulators are mounted Within the plate 
50 and comprise a cylinder 8 within which 
there is slidably mounted a piston i9. Tube 5 
communicates With the piston so that fluid pres 
sure is made effective thereupon. This pressure 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

SC) 

is opposed by means of compression Spring 20 
acting on the Opposite side of the piston, a Suit 
able stop plate 2 being provided to limit the 
inner movement of the piston. In operation, the 
pistons are maintained in a partially depressed 
condition by reason of the development and 
maintenance of the fluid pressure transmitted 
thereto by tubes 5. They provide a storage 
Space of substantial capacity in the aggregate, 
and thus tend to reduce fluctuation in the pres 
Sure within the tube, providing more uniform 
pressure conditions for use. It will also be ap 
preciated that they afford a Source of pressure 
for return delivery to the valve chamber to re 
place such leakage as may occur therein, and 
hence increase the periods between successive 
operations of the relief Valve and pump mecha 
nism as described above. As shown three of the 
accumulators are provided in communication 
With each of the tubes 5. 
The pressure tube 5, as shown in Figs. 7 and 

8, leads into the central part of a regulator valve 
chamber 25 carried on plate 50. The regulator 
Valve body is ShoWn at 26 and comprises lands 
27, 28 and 29 Spaced from each other by a 

portion of reduced diameter. Land 27 controls 
an outlet port 3G while land 28 controls outlet 
port 3. A pressure operating line 32 com 
municates With port 30 and a pressure operat 
ing line 33 communicates with port 3, line 32 
being located radially inwardly of line 33. Pres 
Sure relief ports 25a open through the chamber 
25 between the lands 28 and 29, and communi 

cate With the reservoir. The valve body is also 
provided With a pin 35 at its radially outer end 
and in theiand 29 to which is attached an op 
erating yoke 36 having threadedly received 
therein a lever arm 37. 
Valve body 26 is mounted radially, and is di 

rectly Subject to the action of centrifugal force, 
acting upon the body itself. In order to overcome 
the tendency of centrifugal force to move the 
body outwardly, a pair of springs 40 are located 
Within the reservoir, attached at one end to suit 
able fixed points such as the pump housings 70, 
and connecting at their opposite ends to a cross 
arm 4. Suitable stationary guides 42 are pro 
Vided to maintain the springs in proper position 
under the flexing action to which they are sub 
jected. Cross-arm 4 is attached to lever 37 
and hence a constant opposing force is applied to 
the valve body for resisting the outward move 
ment thereof. 
In order to provide for variation in the re 

Sponse of the regulator valve, a variable fulcrum 
is provided for the lever 37. For this purpose a 

35 

s 

stud 45 is fastened to the valve casing, and pro 
jects therefrom generally parallel with lever 37. 
A shoe 46 is slidably adjustable along stud 45 
and carries a roller 47 which rides upon the lever 
37, forming a fulcrum therefor. It will be ap 
parent that upon movement of roller 47, the ef 
fect of the Spring force as opposing the centrif. 
ugal force acting on the valve body will be varied, 
Since any change in the position of the fulcrum 
roller Will produce a greater proportion of change 
in the lever arm of the spring than in the lever 
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arm effective with respect to the valve body. As 
will be more-completely described hereinafter, 
movement of the roller toward the valve body re 
sults in lessening the spring force effective upon 
the same, thus causing the valve body to move 
outwardly to cause the application of fluid pres 
sure in such direction as to bring about an in 

5 
vent axial movement thereof, these parts thus 
taking axial thrust in either direction. 
The forwardly projecting end of shaft f66 is 

threaded as shown in 17 and is received within 

crease in the pitch angle of the blades. The 
speed then tends to slow down, and the centrif 
ugal force effective upon the valve body to oppose 
that of the Spring is likewise reduced. So that an 
equilibrium or balance point is established at a 
slower speed of rotation. The converse is equally 
true, movement of the fulcrum roller away from 
the valve body effecting an increase in the effect 
of the spring force and hence resulting in inward 
movement of the valve to cause application of 
fluid pressure to effect a lower pitch setting of the 
blades. There is a consequent greater speed of 
operation, which in turn produces an increased 
centrifugal force in order to again reach a bal 
anced condition of regulation at a new speed 
leWel. 

It will likewise be clear that movement of the 
roller toward the valve body sufficiently to bring 
the line of action of the spring force directly 
toward the roller, or to the right thereof as 
viewed in Fig. 7, will result in the valve moving 
to and remaining in its outer position thus bring 
ing about the maximum increase in the pitch of 
the blades. This will provide for the adjustment 

lo 

5 

of the blades to a fully feathered position, where 
desired. . 

In order to effect variation in the positioning 
of the shoe .46 as desired during flight condi 
tions, a control mechanism is provided which is 
accessible for operation from the aircraft. As 

35 

shown, a lever arm f 50 is arranged to be rockably 
mounted on sleeve 5f carried by the adapter 
plate 57 or other suitable stationary part, and to 
be actuated either manually or under the control 
of suitable instruments. The lever carries at its 
lower end a toothed sector 53 which engages 
with the pinion 54 of a gear and pinion assembly 
rotatably mounted upon a stud shaft 55 and 
suitably journaled in the motor casing. The gear 
56 meshes with a ring gear 57 mounted for ro 
tation upon a stationary sleeve 58 projecting 
from the engine casing, the gear being suitably, 
held therein by means of a plate 59 and snap. 
ring 60. Meshing. with ring gear. 57 area series. 
of operating...pinions f6f, shown as comprising 
three pinions, each mounted for rotation in a. 
bracket f62 carried by the adapter plate 57. The 
pinions f 6 fare. symmetrically located along the 
periphery of the shaft, and provide for rotating. 
shafts 63 which extends through the casing, be-, 
ing provided with , suitable sealing means 64. 
Each shaft. 63 is provided with a tongue and 
groove connection f65 with a second shaft. 66. 
which is rotatably mounted within the stationary, 
member 55, the tongue, and groove, construction 
providings for the ready separation of the two. 
shaft sections from each other, during assembly 
or disassembly of the device as hub f4 is removed 
or replaced upon shaft 2: Shaft 66 extends 
through member 55, and into the interior of the 
reservoir. At the point where it passes through, 
the Wall of member 55, it is formed with a shoul 
der 68, and in order to provide for taking up 
axial thrust, a notched plate 69 is bolted to the: 
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a ring sleeve? 12. The sleeve is splined as shown 
at 73 to the stationary sleeve 5 in such man 
ner that upon - the rotation of the three shafts 
66, the sleeve is caused to move axially, while 

being, restrained against circular movement. As 
will be apparent, this, axial movement of sleeve 
172 takes place in accordance with the adjusting 
movement of lever 50. 
A pair of levers. T5 are mounted within reser 

voir, conveniently through the provision of lugs 
f76 extending upwardly from the housings of the 
accumulators and forming a pivot for its respec 
tive-lever. Each lever carries at its upper end 
a shoe f77 which is adapted to ride within the 
peripheral groove 78 of ring T2. At their lower 
ends they are formed with an open-ended yoke 
179 adapted to engage pins 80 which are fas 
tened to the shoe 46. Thus, upon axial move 
ment of ring 72 the levers 75 are rocked upon 
their pivots. The shoe 46 is engaged at its op 
posite sides and is caused to move toward or 
away from the regulator valve to vary the effec 
tive force of the spring, and the length of the 
lever arms as previously described. 

It will thus be apparent that with a fixed set 
ting of the fulcrum roller 47 the regulator will 
tend to maintain a balanced position such as to 
bring about constant speed operation; and upon 
the superimposing of a manual or other control 
to vary the position of the fulcrum, the regulator 
tends to regulate, to a different predetermined 
position. . . . . - 
The manner in which the pressure fluid is dis 

tributed through the tubes 32 and 33, in order 
to bring about respectively a decrease and an in 
crease in the pitch setting of the blades Will now 
be described. As shown in Fig. 8, the two tubes 
32 and 33 are arranged in a generally concen 
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face of member 55 as shown at T0. The outer: 
face of plate 55 and the inner face of plate f 69. 
thus serve to confine the shoulder 68 and to pre 15 

tric manner, each making a continuous closed 
circuit upon itself. Tube f32 is provided with 
a series of three openings f85, while tube 33 is 
provided with a similar series of openings 86. 
Each series is equidistantly arranged and the two 
series are arranged in staggered relation with 
respect to each other. These openings 85 and 
86 project through the wall of plate 50, and are 

located immediately adjacent the walls of blade' 
sockets: 5. As shown in Fig. 10, a corresponding 
series of openings 88 is provided at the same 
diameter and in the same corresponding spacing 
as openings f85, that is, one for each of the three 
blade sockets. A second series 89 is provided 
correspondingly arranged with respect to open 
ings 86. This provides an opening 88 and an 
opening 89 leading into each of the three blade 
sockets 5 so that pressure fluid may be supplied 
thereinto through the respective passages to bring 
about either decrease or increase in the pitch an 
gle setting as may be desired. 
As will be clear from Figs... 10 and 11, a tube 

Í 90 leads from the opening i 188 into the central 
portion of the blade socket and a tube 9 leads 
from the opening 89 into a position removed 
from the axis of the blade. Thus fluid may be 
introduced through line 90 into the central por 
tion of the blade socket and upwardly through 
passage 92 into the interior of a sleeve member 
95. Tube 9 provides for the introduction of 

fluid through passages 96 and 96 to the space 
external of the sleeve 95, and inwardly of the 
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actual wall of the blade root. Suitable packing 
97 is provided for preventing the escape of fluid 

from the space external to sleeve 95 and a Sup 
ply passage for the fluid is formed therethrough. 

Sleeve 95 is fastened to hub f4 by means of 
pins 98 so that it is mounted thereon and pre 
vented from turning with respect thereto. . At 
its outer end, the sleeve is provided with a packed 
joint 200 through which there slidably projects 
a hollow piston rod 20. A piston 202 having 
predetermined mass is carried by the piston rod 
at its outer end and is arranged to Operate in 
fluid sealed relation within a cylinder. 204. The 
cylinder 204 is fastened to the blade 6 by means 
of pins 205 so that upon rotation it will effect 
corresponding rotation of the blade. The piston 
is formed with an inwardly projecting sleeve 206, 
the inner face of which is arranged to engage and 
slide over the outer face of the stationary sleeve 
95. These two faces are provided with cooper 
ating helical spline surfaces 2OT, so that upon 
radial movement of sleeve 206, it is also caused 
to rotate against the fixed sleeve 95. Similarly 
the outer surface of sleeve 206 is arranged to en 
gage and slide over the inner surface of cylinder 
204 which is suitably offset to receive the same, 
and these parts are provided with cooperating 
spiral splines 208 so that radial movement of 
sleeve 206 imparts additional rotational nove 
ment to cylinder 204. Thus the movement of pis 
ton 202 effects movement of its sleeve 206, and 
that movement causes a resultant angular or 
rotational movement of the cylinder 204 to take 
place, in accordance with the Sum of the angular 
movements produced by the two sets of cooper 
ating spline surfaces. The length of the cooper 
atting spline surfaces and the pitch angles of the 
respective helixes are Selected as desired to give 
the proper degree of movement for adjusting the 
pitch of the blades from a low or negative pitch 
position, through the operating range to a high 
pitch or feathered position. If desired the mech 
anism disclosed in Copending application Serial 
No. 279,530 now Patent 2,307,101 may be utilized 
for this purpose. 
The blade 6 is retained in its socket f 5 by 

means of a collar 20 threaded on to the root of 
the blade and engaging a Series of stacked ball 
bearings 2 which are held within the socket by 
an outer threaded collar 2 f2 suitably locked in 
place by a lock 23. The blade is additionally 
guided for rotation upon its own axis by ball 
bearing 25, thereby providing an antifriction 
Support for the blade upon the hub f4. In order 
to enclose the hub, an annular plate or casting 
26 is bolted against the hub, providing for re 
taining lubricant, etc. Within the same. 

It will be apparent from the foregoing that 
introduction of pressure operating fluid into the 
interior of sleeve 95 through the opening 92 
provides for the application of that fluid through 
the hollow piston rod 20 to the Outer surface of 
piston 202. Hence such application will force 
the piston inwardly. The spline teeth 207 and 
208 are so arranged that Such inward movement 
of the piston produces a decrease in the pitch of 
the blades. Conversely When the pressure is Sup 
plied through port 3, tube 33, openings 86, 
89, and tube 9 to the outside of the sleeve 95, 

it flows upwardly over the respective spline teeth 
20 and 208 to effect the lubrication thereof, and 
then into the space beneath piston 202 with re 
sultant outward movement thereof. Upon Such 
movement the patch of the blades is increased. 
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It will be understood that when pressure is ap 
plied upon one side or in one direction, the pres 
Sure is simultaneously relieved upon the other 
side of the piston, and the fluid in that part of 
the System allowed to discharge back into the 
reservoir by the uncovering of the correspond 
ing port. For example when valve 26 moves 
outwardly to Supply pressure fluid to tube f33, 
land 27 moves to uncover port 30, and fluid 
from tube 32 is then free to flow through the 
open port and back into the reservoir. Each end 
of valve chamber 25 is open and in communica 
tion with the reservoir for return discharge of 
fluid from either tube. 
Each blade thus has its own pressure actuat 

ing mechanism and is arranged to be operated 
through the positive application of hydraulic 
pressure in each direction to effect both pitch 
increase and pitch decrease. In order to main 
tain uniform control over the position of all the 
blades, each blade is provided with a beveled gear 
sector 220 which meshes with a ring gear 22, 
suitably mounted upon ball bearing 222 carried. 
by the forwardly projecting part 43 of hub 4. 
Thus gear 22 operates as a synchronizing mech 
anism to assure that the position of all the indi 
vidual blades in the hub will be the same at all 
times. 
AS described in the above referred to applica 

tion Serial No. 279,530, now Patent 2,307,101, this 
arrangement provides for substantially balancing 
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the forces effective upon the blade within a pre 
determined position of normal flight settings. 
Certain forces acting upon the blade tend to cause 
decrease in the pitch thereof, but in the preferred 
arangement these forces are not relied upon to 
return the blades to a lower pitch position. The 
weight of piston 202 is preferably chosen so that 
the effect of centrifugal force thereon tending to 
move the piston outwardly and hence to increase 
the pitch of the blades is substantially balanced 
With the forces tending to cause decrease in the 
pitch of the blades, at a preselected point or 
range within the normal operating range of blade 
positions. Positive application of pressure is 
utilized to overcome the inherent frictional forces 
present, and to adjust the pitch of the blades to 
a proper setting in both directions while pro 
vision is made for aSSuring the blades remaining 
in a satisfactory operating position even in the 
event of complete failure of the fluid pressure 
system and the control mechanism. 
The mechanism in the forward hub is in many 

respects the Same as that described above. Ex 
cept as otherwise indicated the elements of struc 
ture in the forward hub similar to those of the 
rear hub have been given reference characters of 
the same order, but increased by 200. Thus, the 
front hub carries an annular plate 250 similar to 
plate 50 carried by the rear hub. This plate is 
retained in position on hub 25 by means of lock 
ing ring 25 threadedly received upon the hub. 
Bolts 252 removably attach a covering or hous 
ing member 253 to the plate 250 forming there 
with a reservoir for receiving a quantity of pres 
Sure Operating fluid. A sleeve member 255 is 
bolted to cover plate 26 rotatable with rear hub 
4 and projects within the reservoir of the front 

hub. It is formed with an axial portion 258 and 
With a radially extending can 259. Such can 
however differs from the stationary cam 59 in 
the rear hub in that it is supported and carried 
by the rear hub assembly and hence is rotated in 
a direction opposite to that of the forward hub, 
producing a relative rotation between such parts 
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of twice, the individual. speed. As a result, and 
in order to secure similar operation of the pump : 
mechanism, cami : 259: is: preferably formed with’ 
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only a single lobe thereon. So, that the same rate. 
of pump, operation will be secured. ... Sealing is are so positioned in unifornly Spaced relation 
means 260 and 264 provide for enclosing the in 
terior of the reservoir at the adjacent surfaces 
of plate 250 with sleeve portion 258, and at the: 
adjacent surfaces of cover 253 with sleeve 255, 
thereby preventing escape of lubricant therefron. to. 
Also, an air pressure releasing construction simi 
lar to that shown at 66, 67 in the rear hub is 
preferably provided. 
- Thereservoir within the fronthublikewise con 
tains a pair. of pumps 270, arranged in Spaced l 
relation to each other; corresponding valve cham 
bers 27t, and a single pressure relief mechanism 
272, these parts being similar in construction and . . 
mode of operation to the corresponding parts de 
scribed above in theirear hlub. . ' r 
The regulator valve body 300 of the forward 

20. 

hub is slidably mounted within cylinder 30f which 
is carried by the plate: 250. The pressure from 
the pressure:supply system leads into the:Central 
port. 302 and supplies pressure into the area be-, 
tween the two lands .303 and 304. These lands: 
control outlets 305 and 306.respectively and pro 
vide; for establishing": communication from the 
pressure source to operating tubes 307 and 309 

30 respectively. In this respect, the construction is 
the same as previously described, the supply of 

es able with the rear hub. 

o 

? 
shaft:37 is rotatably mounted within plate 2.f6 
and extends therethrough with a pinion 38 upon 
its overhanging end which is adapted to mesh 
with gear teeth 3 f6. Preferably three such shafts 

around the periphery, each carrying a pinion in 
driven relation with gear teeth 3 f6, so as to Se 
cure balanced operating conditions. ' 

Shaft 3 has a tongue, and groove connection 
shown at 39 with a second shaft 320 mounted 
within, the ring, 255, and extending outwardly 
therethrough and terminating in a threaded por 
tion 32 within the reservoir of the forward hub. 
Preferably the shaft is provided with the thrust 
collar construction described above in connection 
with the shaft sections f63 and if G4, providing for 
taking up axial thrust loads on the shaft. While 
permitting ready... separation thereof for dis 
mantling of the hub. A grooved ring 322 is slid 
ably mounted upon sleeve 258 and threadedly en 
gaged by the several: operating shafts 32 to be 
moved axially, upon rotation thereof. The ring 
has a peripheral groove 323i within which there 
is adapted to ride, a follower shoe 324 rotatable 
with the forwardihub, thering itself being rotat. 

It will be clear that upon any adjustment tak 
ing place in the pitch angle setting of the rear 
blades l6, ring gear 22l will be correspondingly. 

pressure fluid being selectively directed to one 
or the other of these pressure supply lines, to be: . . 

I carried into the several blade sockets. and to be 
there supplied to one side or the other of the: 
individual pistons in the blade sockets to effect 
the adjustment of the pitch setting of the blades. 
It will be understood... that? as in the rear. hub, 
introduction of fluid pressurethrough the radially 
inner tube 307 results in bringing about a de 
crease in the blade pitch, while : introduction 
through outer tube 309 causes increase in the: 
pitch of the several blades. . . . . 
However the controland Operatión ofregulator 

valve 300 in the forward hubs are different from 
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rotated, and this will in turn effect the rotation 
of the shaft sections. 32 to effect a corresponding. 
adjustment in the position of ring 322 and of 
shoes 324. Thus for:every pitch angle setting of 
the rear propellerblades; there is a corresponding 
axial positioning of the shoes: 324, and they re 
spond by axial movement in one direction or the 
other: to either increase or decrease in the pitch 
of the rear blades. . . . . 

Referring to Figs. 17 and 18, there is shown the 
ring gear 330 which is mounted upon roller bear 
ing 33 f for rotation about forward hub 25. This 
ring gear serves the same purpose as previously 
described gear 22 in the rear hub, in synchro 
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that of valve. 26 in the rear hub. Thus instead. . . 
of being independently controlled in response to 
speed or manual adjustment, the regulating ac- i 
tion of valve 300 is made dependent upon changes. 
in the actual setting of the blades of the rear. 
hub. By providing an element within the forward 
hub which is adjustable: in accordance with, or 
in response to changes in, the setting of the blades. 

. Of...the rear hub; the forward regulator Valve is 
displaced from its neutral position and made to: 
respond to such changes in the rear blades, there 
by controlling the setting:of the forward. blades 
in predetermined relation. With respect...thereto." 
A follow up mechanism is provided so that when 
the proper adjustment has taken place in the for 
ward blades to correspond with the change which 
has, occurred in the rear blades, the regulator. 
valve will be restored to neutral position, cutting 

ed into the hub 25 for retaining 

off supply of regulating fluid to either side: of the . . 
pistons. Although the:Valve:may be arranged in 
a radial position for purposes of simplification. 
and standardization of parts in the two hubs and 
is thus subject to centrifugal force, that force is 
not utilized in the control of its operation, its 
position, being., determined in the manner de 
scribed regardless of the centrifugal force acting 
thereon. For this purpose; ring gear: 22 in the 
rear. hub.isprovided. With a forwardly extending. . 
cylindrical part 3.5 upon: the internal face of 
which are provided a series: of gear teeth. 316. A 5. 

nizing or correlating the adjusting movements of 
the several blades in the forward hub, each blade 
having a sector meshing with the ring gear and 
making it necessary that all of such blades occupy 
the same angular position at all times. The bear. 
ing 33 is retained in place by means of a hous 

; sing: Section. 332 bolted; to the forward hub as 
shown at 333, and with a locking ring 334 thread 

the same in po 
sition. : v 

In order: to. provide a follow-up device respon-. 
sive.to, the change in position of the forward 
blades, the ring gear 330 is provided with a for 
wardly; extending sleeve. portion. 340 which is 
recessed as shown at 34 f to provide for receiving 
camplates. 342 therein. The cam plates are lo 
cated in spaced relation around the periphery of 
sleeve 340 and in symmetrical relation at either. 
side of one; of the blade sockets. These cam 
plates: are removably held...within the sleeve re 
cesses. 34 by means of bolts 343, so that if de 
sired each one can: be...readily removed and re 
placed. A can slot: 344 of predetermined shape 
is provided within the: plates 342, and working 
Within each such slot is a camfinger 345. Fingers 
345 may beformed as an integral part pf operat 
ingrods 346 which pass through the lower walls 
at either side of one of the blade sockets 26-being 
guided thereby for axial movement, the operating 
rods extending, rearwardly in the zone of the 
throat of the blade sockets, and out of that area: 
Occupied by...the previously, described operating. 
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and adjusting mechanism. The direction of the 
cam tracks 344 is such that upon increase of 
blade pitch, rods 346 are moved forwardly or to 
ward the forward end of the propeller, and vice 
We Sa 
Rods 346 extend through plate 230 and into 

the reservoir. Where they terminate in ball and 
socket joints 359. Connection is there made to 
floating levers 35 which extend downwardly past 
the Opposite sides of ring 322 and are attached 
to the shoes 324. The two levers 35 are prefer 
ably joined together in an arcuate manner at their 
lower side, and connection is there made to a lug 
352 having an elongated slot 353 therein. A bell 
crank lever 355 is pivotally mounted at 356 and 
carries pin 357 at one end which is adapted to 
ride within the slot 353. At its other end, the 
lever is formed with a bifurcated part 358 which 
engages over pin 359, carried by the valve body 
39. Thus upon pivotal movement of the bell 
crank lever in one direction or the other away 
from its neutral position, the valve body is caused 
to move inwardly or outwardly to provide for sup 
ply of pressure from the pressure source to the 
individual blade pistons for effecting selective ad 
justment in the Setting of the blades to effect in 
crease or decrease of the pitch thereof. 

In operation, upon a change taking place in the 
setting of the blades in the rear hub, a corre 
sponding shift in the position of ring 322 takes 
place as described. Assuming an increase in the 
pitch of the rear blades to have taken place, ring 
322 is moved axially toward the plate 259, i. e., 
toward the left as shown in Fig. 17. With rods 
345 stationary, the shoes 324 move toward the for 
ward blade sockets and lever arms 35 pivot about 
the point 350, causing a displacement of lug 352 
and a corresponding rocking of bell crank lever 
355. This movement displaces valve body 300 
from its neutral position, causing it to move out 
Wardly and supplying pressure fluid through line 
39 and into the several blade pistons in the 
direction to cause increase of the pitch of the 
blades. As adjusting movement of the blades in 
the forward hub takes place, ring gear 330 is 
caused to rotate, and the cam track 344 thus 
causes a displacement of rods 346 to take place 
to the left as shown in Fig. 17, this displacement 
being in such direction as to shift the pivot points 
350 in the same direction as the shift imparted to 
ring 32. The Supply of pressure fluid to the 
blades in the forward hub continues therefore 
until such time as, with continued rotation of 
the blades toward increased pitch position, the 
pivots 350 have traveled toward plate 250 to a 
position in Which levers 35 ff haWe returned the 
lug 352 to its original position. This occurs when 
the extent of movement of rods 346 bears the 
same ratio to the entire length of levers 35 that 
the extent of movement imparted to ring 322 and 
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shoes 324 bears to the length of the portion of the 
levers inwardly of the shoes. When such condi 
tions have been reached, valve body 300 is re 
turned to neutral, and adjusting movement of 
the forward blades ceases. It will be clear that 
the cam 342 is made of proper shape and Such 
as to produce the necessary extent of movement 
of pivots 350. Further where the lead of the can 
is uniform, the forward blades will follow in their 
movement the adjustments which occur in the 
rear blades assuming the same pitch positions 
throughout the entire range. In some cases it is 
found preferable to have a differential adjust 
ment take place, with the pitch of the for Ward 

: blades being changed in the same Sense but to a 
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greater or less degree than that of the rear blades. 
In such case the cam track is suitably shaped to 
provide whatever relation is desired between the 
two sets of blades throughout the entire range 
of adjustment thereof. For example the pitch of 
the forward blades may be made to Vary from 
that of the rear blades by a constant amount, 
such as a few degrees, or by a ratio, providing 
a greater differential at higher blade angles. The 
accessibility and replaceability of the can plate 
facilitates making changes in such condition as 
desired. 

he reverse operations of course take place 
upon adjustment of the rear. blade in the Oppo 
site direction, there being corresponding balance 
points for the follow-up rods 346 for every setting 
of ring 322 at which the valve body is restored to 
a neutral position. 
In actual operation, these adjusting movementS 

occur quite rapidly so that the forward blades be 
gin to operate shortly after movement of the rear 
blades has begun. As soon as the valve body has 
been displaced from its neutral position, control 
fiuid is supplied to the forward blades in Such di 
rection as to bring about a corresponding change, 
and movement thereof follows immediately. In 
the case of an extensive adjustment of the rear 
blades, the movement of the forward blades takes 
place concurrently and with only a brieflag With 
respect, thereto. Actual movement of the bell 
crank lever and the valve body therefore is rela 
tively small, being merely enough in one direc 
tion or the other from neutral position to un 
cover and establish selective communication with 
the proper pressure Supply tube. 

It will be apparent from the foregoing that the 
forward blade adjusting mechanism Will Operate 
to maintain the blades at the predetermined pitch 
position corresponding to the particular setting 
of the rear blades. Thus assuming a change in 
the setting of the forward blades, for example, 
by reason of reduction of fluid pressure within 
the blade pistons, and under such operating Con 
ditions that the forces effective upon the blades 
Would cause a reduction in the pitch thereof, 
such movement would rotate ring gear 330 and 
cause corresponding shifting of rods, 346. If the 
change was a decrease in pitch, rods 346 Would 
move toward the rear hub, and Would pivot about 
shoes 323, resulting in movement of bell crank 
355 and outwardly displacing valve body 309. 
This movement effects introduction of pressure 
fluid in the direction to cause increased pitch of 
the blades, thus correcting for the change. Which 
presumptively occurred, the Supply of fluid con 
tinuing until the pitch of the blades has been 
restored to its predetermined value. Analysis 
will show that a similar corrective action occurs 
upon a change in the opposite direction, the SyS 
time thus effecting initial adjustment of the for 
ward blades to a predetermined pitch position 
corresponding to each pitch setting of the rear 
blades, and then providing for maintaining the 
forward blades in such predetermined position. 
The principle of this control has been illus 

traited diagrammatically in FigS. 21 through 24 
in greatly sifnplified form in order to more clear 
ly show the functioning and operation thereof. 
in this arrangement, the engine is indicated at 
d, the drive shaft for the rear hub at b and for 
the for Ward hub at bb. The rear blade Socket 
and hub are represented at c, including all of the 
elements within the rectangular outline which 
are rotatable therewith. . Similarly the forward 
hub, blade socket and parts rotatable therewith 
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positely rotating drive shafts comprising a pair 
of hubs respectively associated in driven relation 
With Said drive shafts and each provided with a 
plurality of blade Sockets, propeller blades ad 
justably mounted in each of said sockets, the 
blades of one hub being of opposite pitch to those 
of the other hub, fluid pressure actuating means 
in each of said sockets for effecting adjustment 
of Said blades to vary the pitch thereof, separate 
fluid pressure developing means in each hub to 
supply fluid under pressure to said actuating 
means within that hub, means within each hub 
for controlling the application of the fluid pres 
sure to the associated actuating means to effect 
adjustment of the pitch setting of the blades 
thereof, and means for coordinating the setting 
of the blades of one hub with the setting of the 
blades of the other hlub. 

3. A dual rotation propeller of the character 
described adapted to be driven from a pair of op 
positely rotating drive shafts comprising a pair 
of hubs respectively associated in driven relation 
With said drive shafts and each provided with a 
plurality of blade sockets, propeller blades ad 
justably mounted in each of said sockets, the 
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other sad hub dependent upon the position of the 
blades in said first mentioned hub for controlling 
the application of the power developing means 
of said other hub to the power actuated means 
thereof to effect a corresponding change in the 
pitch Setting of the blades of said other hub. 
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blades of one hub being of opposite pitch to those 
of the other hub, fluid pressure actuating means 
in each of said sockets for effecting adjustment 
of said blades to vary the pitch thereof, separate 
fluid pressure developing means in each hub to 
Supply fluid under pressure to said actuating 
means within that hub, means within each hub 
for controlling the application of the fiuid pres 
sure to the associated actuating means to effect 
adjustment of the pitch setting of the blades 
thereof, Speed responsive means in one of said 
hubs for regulating the controlling means in that 
hub to adjust the setting of its said blades to 
maintain a constant speed condition, and means 
in the other of said hubs for effecting a corre 
sponding adjustment in the regulation of its said 
controlling means. 

4. A dual rotation propeller hub adapted to be 
driven from a pair of oppositely rotating drive 
shafts comprising a pair of hubs each associated 
in driven relation with one of said drive shafts 
and having a plurality of blade sockets for ad 
justably receiving blades therein with the blades 
of one hub. being of opposite pitch to those of 
the other, power actuated means in each hub for 
adjusting the pitch of the blades thereof, means 
in each hub for developing power to effect actu-- 
ation of said power actuated means, and control 
means in each hub for controlling the application 
of said developed power to maintain a predeter 
mined position of said blades, and means for cor 
relating the action of the control means in Said 
two hubs to cause both sets of blades to occupy 
a corresponding pitch position to each other. 

5. A dual rotation propeller adapted to be 
driven from a pair of oppositely rotating drive 
shafts comprising a pair of hubs each associated 
in driven relation with one of said drive shafts 
and having a plurality of blade sockets, blades 
adjustably mounted in said blade sockets with 
those of one hub being of opposite pitch to those 
of the other, power actuated means in each hub 
for adjusting the pitch of the blades, means in 
each hub for developing power to effect actuation 
of said power actuated means, independent con 
trol means in one of said hubs for controlling 
the application of the power developing means 
thereof to the power actuated means thereof to 
effect adjustment of the pitch setting of the 
blades of that hub, and control means in the 
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6. A dual rotation propeller adapted to be 
driven from a pair of oppositely rotating drive 
shafts comprising a pair of hubs each associated 
in driven relation with one of said drive shafts 
and having a plurality of blade sockets, blades 
adjustably mounted in said blade sockets with 
those of one hub being of opposite pitch to those 
of the other, power actuated means in each hub 
for adjusting the pitch of the biades thereof, 
means in each hub for developing power to effect 
actuation of said power actuated means, speed 
responsive means for controlling the application 
of power developed in one of said hubs to adjust 
the position of the blades of that hub to main 
tain a predetermined speed condition, and con 
trol means associated with said other hub for 
controlling the application of power developed in 
Said other hub to cause the blades of the latter 
hub to assume a position corresponding with 
those of the first mentioned hub to maintain a 
constant speed and balanced thrust condition of 
the entire propeller. 

7. A dual rotation propeller adapted to be 
driven from a pair of oppositely rotating drive 
shafts comprising a pair of hubs each associated 
in driven relation with one of said drive shafts 
and having a plurality of blade sockets, blades 
adjustably mounted in said blade sockets with 
those of One hub being of opposite pitch to those 
of the other, fluid pressure actuated means in 
each hub for adjusting the pitch of the blades 
thereof, a source of fluid pressure in each hub for 
application to Said pressure actuated means to 
effect adjustment of the pitch of the blades, speed 
responsive means Within one of Said hubs for con 
trolling the application of said pressure source to 
adjust the position of the blades of that hub to 
maintain a predetermined speed condition, and 
control means associated with the other said hub 
and responsive to the position of the blades in 
said first-mentioned hub for controlling the ap 
plication of the pressure source of said other hub 
to the pressure actuated means thereof to cause 
the blades thereof to assume a position corre 
sponding with those of said first-mentioned hub. 

8. A dual rotation propeller adapted to be 
driven from a pair of oppositely rotating drive 
Shafts comprising a pair of hubs each associated 
in driven relation with one of said drive shafts 
and having a plurality of blade sockets, blades 
adjustably mounted in said blade sockets with 
those of one hub being of opposite pitch to those 
of the other, fluid pressure actuated means in 
each hub for adjusting the pitch of the blades 
thereof, a source of fluid pressure in each hub for 
application to said pressure actuated means to 
effect adjustment of the pitch of the blades, speed 
responsive means within one of said hubs for 
controlling the application of said pressure 
source to adjust the position of the blades of that 
hub to maintain a predetermined speed condition, 
independent control means associated with said 
one hub for adjusting Said speed responsive 
means to selectively vary said predetermined 
speed to which said propeller is regulated, and 
control means associated With the other said hub 
and responsive to the position of the blades in 
said first-mentioned hub for controlling the ap 
plication of the pressure source of said other 
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hub to the pressure actuated means thereof to 
cause the blades thereof to assume a position 
corresponding with those of said first-mentioned 
9. A dual rotation propeller adapted to be 

driven from a pair of oppositely rotating drive 
shafts, comprising a pair of hubs each associated 
in driven relation, with one of said drive shafts 
and having a plurality of blade sockets, blades 
adjustably mounted in said blade Sockets with 
those of one hub being of opposite pitch to those 
of the other, fluid pressure, actuated means in 
each hub for positively adjusting the pitch of the 
blades thereof in both pitch increasing and de 
creasing adjustments, means in each hub for de 
veloping fluid pressure to effect actuation of said 
pressure actuated means, independent control 
means in one of said hubs for controlling the ap 
plication of said fluid pressure to said pressure. 
actuated means to adjust the blades of said hub 
to a predetermined pitch position, means in the 
other said hub, dependent upon the actual posi 

li 
passing the fluid 

tion of the blades of said first mentioned hub for 
controlling the application of the fluid pressure 
within said other hub to the pressure actuated 
means thereof to maintain a corresponding posi 

. 
rotation of the propeller for subjecting th? re 
spective bodies of fluid to pressure, pressure re 
ceiving means for receiving the fluid discharged 
from saidpump means, and means for limiting, 
the action of said pump means upon the estab 
lishment of a predetermined pressure condition 
within said receiving means including valve mem 
bers subject to centrifugal force upon rotation of 
said hubs, means for supplying fluid pressure 
from said receiving means to said valve means to 
move said valves against the action of centrif 
ugal force when the pressure in said receiving 
means reaches said predetermined amount, and a 
by-pass associated with each said pump means 
and opened by movement of said valve for by 

from: said pump, back to said 
reservoir. . . . . . . . . . . . . . . 

12. A dual rotation propeller of the character 
described comprising a pair of drive shafts rotat 
ing in opposite directions, hubs positioned on 
each drive shaft in tandem relation to each other, 
a plurality of hydraulically adjustable blades 
carried by each hub, a fluid-containing reservoir 
rotatable with each of said hubs, pump mecha 

tion of the blades of that hub in relation to those 
of said first mentioned hub, and means for caus 
ing the pitch setting of the blades of said other 
hub. to vary by a predetermined differential 
from the pitch setting 
tioned hub. 16. A dial rotation propeller adapted to be 
driven from a pair of oppositely rotating drive 
shafts comprising a pair of hubs each associated 3. 
in driven relation with: one of said drive shafts 
and having a plurality of blade sockets, blades 
adjustably mounted in said blade sockets with 
those of one hub being of opposite pitch to those 
of the other, a housing associated with each hub At 
and forming a separate closed reservoir there 
with for receiving a quantity of operating fluid 
therein, means within each reservoir for sub 
jecting the fluid therein to pressure to provide 
independent sources of preSSure actuating fluid, 
fluid pressure actuated means in each blade socket for effecting adjustment of the pitch set 
ting of the blades therein, control means in each hub for separately controlling the application of 
the fluid pressure sources thereof to said pressure 
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nism carried by each hub and communicating . . 
with said respective reservoirs, a stationary mem 
ber operable upon the pump mechanism of the 
rear hub to provide for actuation thereof to sub 
ject the fluid in the reservoir of the rear hub 

it to pressure, a member carried by the rear hub 
of those of said first men and operable upon the pump mechanism of the 

forward hub to provide for actuation thereof to 
subject the fluid in the reservoir of the forward 
hub to pressure, means within each hub for con 
trolling the application of fluid pressure to the 
respective hydraulically adjustable-blades, and 
means responding to the changes in actual set 
ting of the blades of one hub for initiating 
change in the controlling means for the other 
hub to effect a like change of blade setting. 

13. A dual rotation propeller of the character 
described which comprises a pair of hubs adapted 
to be received in tandem relation upon oppositely 

actuated means, speed responsive means in One of . 
said hubs for regulating the operation of the 
associated control means therein, and means in 
the other of said hubs and responsive to the 
actual setting of the blades in said first-men 
tioned hub for regulating the action of its said 
associated control means to thereby effect a cor 
responding pitch setting of the blades of both 
of said hubs. • 

11. A dual rotation propeller hub mechanism 
of the character described comprising a pair of 
hubs adapted to be received on Oppositely rotat 
ing concentric drive shafts, blade. Sockets rotat. 
abie with said hubs and adapted to receive and 
adjustably support the propeller blades therein, 
separate fluid pressure distributing means within 
each hub for effecting adjustment of the pitch of 
the blades of that hub, housings carried by each. 
hub and forming separate reservoirs therewith 
for receiving a body of pressure actuating fluid, 
means extending from one housing into the other 
housing for transmitting the adjusting of pitch. 

rotating drive shafts, adjustable pitch blades 
3 mounted upon said respective hubs, fluid pres 
sure responsive means for effecting pitch adjust 
ment of said blades, fluid pressure means for sup 
plying, fluid under pressure to effect actuation 
of said pressure responsive means, independent 
control means for one of said hubs for controlling 
the supply of pressure fluid to adjust the pitch 

I of the blades of that hub to a predetermined 
position, and control means för the other said 
hub dependent upon the position of the blades 

Gis 
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of said first hub for controlling the supply of . 
pressure fluid to adjust the pitch of the blades 
of said other hub in substantially synchronized 
relation with the pitch of the blades of said first 
mentioned hub. . . . . . . . 

14. A dual rotation propeller of the character described which comprises a pair of hubs adapted 
to be received in tandem relation upon oppo 
sitely rotating drive shafts, adjustable pitch 
blades mounted upon said respective hubs, fluid 
pressure responsive means associated with each 
blade for effecting pitch adjustment thereof, 
means for Synchronizing the adjusting operation 

70. 
of the blades of one hub with the blades of the 
other hub, fluid pressure means for supplying . 
fluid under pressure to effect actuation of said pressure responsive means, independent control 
means for one of said hubs for controlling the 

of : blades of one hub to the fluid pressure di? 
tributing means of the other hub, means within the v. 
each hub including pump means operable upon 75 tion, means for initiating the supply of pressure 

Supply of pressure fluid to adjust the pitch of 
the blades of that hub to a predetermined posi 
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fluid to the pressure responsive means of Said 
other hub in accordance with a change in the 
setting of the blades of said first mentioned hub, 
and means for terminating said supply of pres 
sure fluid to the pressure responsive means of 
said other hub when the blades of Said other hub 
have been adjusted to a position corresponding 
with that of said first mentioned hub. 

15. A dual rotation propeller of the character 
described adapted to be driven from. Oppositely 
rotating drive shafts comprising a pair of hubs 
adapted to be mounted in tandem relation upon 
said drive shafts and each provided with a plu 
rality of blade sockets, propeller blades adjusta 
bly mounted in each of said sockets, the blades 
of one hub being of opposite pitch to those of 
the other hub, fluid pressure actuating means in 
each of said sockets for effecting adjustment of 
said blades to vary the pitch thereof, separate 
fluid pressure developing means in each hub to 
supply fluid under pressure to said actuating 
means within that hub, means within, eachhub 
operable from a neutral position for controlling 
the application of the fluid pressure to the actu 
atting means of that hub to effect adjustment of 
the pitch setting of the blades thereof, speed 
responsive means in one of Said hubS for regul 
lating the controlling means in that hub to ad 
just the setting of its said blades to maintain a 
constant speed condition, and means in the other 
of said hubs for effecting actuation of said con 
trol means in said other hub away from its neu 
tral position upon change of pitch of the blades 
of said first mentioned hub, and follow-up means 
responsive to the change of pitch of the blades 
of said other hub to a position corresponding to 
that of the blades of said first mentioned hub 
for restoring said control means in Said other 
hub toits neutral position. 

16. A dual rotation propeller of the character 
described adapted to be driven from oppositely 
rotating drive, shafts comprising a pair of hubs 
adapted to be mounted in tandem relation upon 
said drive shafts and each provided With a, plu 
rality of blade sockets, propeller blades adjusta 
bly mounted in each of said sockets, the blades 
of one hub being of opposite pitch to those of 
the other hub, fluid pressure actuating means 
in each of said sockets for effecting positive ad 
justing movement of said blades in each direc 
tion to vary the pitch thereof, separate fluid 
pressure developing means in each hub to Supply 
fluid under pressure selectively to said actuating 
means within that hub for effecting pitchin 
crease or decrease, control means within each 
hub adjustable in each direction away from a 
neutral position for controlling the application 
of the fluid pressure to the associated actuating 
means to effect adjustment of the pitch setting 
of the blades thereof, speed responsive means in 
one of said hubs for regulating the controlling 
means in that hub to adjust the setting of its 
said blades to maintain a constant speed condi 
tion, means in the other of said hubs responsive 
to a change of position of the blades of said first 
mentioned hub for effecting displacement of the 
control means of said other hub away from its 
neutral position in a sense corresponding to the 
direction of said change of position, and means 
for restoring the said displaced control means to 
neutral position when the blades of said other 
hub. have been changed in the same sense and 
to a corresponding position. 

17. A dual rotation propeller of the character 

2362,444 
rotating drive shafts comprising a pair of hubs 
adapted to be mounted in tandem relation upon 
said drive shafts and each provided With a plu 
rality of blade sockets, propeller blades adjusta 

O 

bly mounted in each of said sockets, the blades 
of one hub being of opposite pitch to those of 
the other hub, fluid pressure actuating means in 
each of said sockets for effecting positive adjust 
ing movement of said blades in each direction 
to vary the pitch thereof, separate fluid pressure 
developing means in each hub to Supply fluid 
under pressure selectively to said actuating means 
within that hub for effecting pitch, increase or 
decrease, control means within each hub adjusta 
ble in each direction away from a neutral posi 
tion for controlling the application of the fluid 
pressure to the associated actuating means to 
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effect adjustment of the pitch setting of the 
blades thereof, speed responsive means in One of 
said hubs for regulating the controlling means 
in that hub to adjust the setting of its said blades 
to maintain a constant speed condition, means 
in the other of said hubs responsive to a change 
of position of the blades, of Said first mentioned 
hub for effecting displacement of the control 
means of said other hub away from its neutral 
position in a sense corresponding to the direction 
of, said change of position, means for restoring 
the said displaced control means to neutral posi 

30 tion when the blades of said other hub have been 
changed in the same sense and to a correspond 
ing position and removable and replaceable means 

: associated with the control means of said other 
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described adapted to be driven from oppositely 75 

hub for predetermining the relative settings be 
tween said blades, in corresponding positions. . . 

18. A dual rotation propeller of the character 
described adapted to be driven from oppositely ro 
tating drive shafts comprising a pair of hubs 
adapted to be mounted in tandem relation upon 
said drive shafts, propeller blades adjustably car 
ried by each of said hubs, the blades of one hub 
being of opposite pitch to those of the other hub, 
fluid pressure actuating means in each of Said 
hubs for effecting adjustment of Said blades to 
vary the pitch thereof, separate fluid pressure 
developing means, in each hub to supply fluid 
under pressure to said actuating means within 
that hub, means within each hub for controlling 
the application of the fluid pressure to the ac 
tulating means of that hub to effect adjustment 
of the pitch setting of the blades thereof, inde 
pendent means in one of said hubs for regulating 
the controlling means of that hub to adjust the 
setting of its said blades to a predetermined posi 
tion, a member in said other hub responsive to 
the position of the blades of Said first mentioned 
hub, a Second member in Said Other hUb respon 
sive to the position of the blades of that hub, and 
means responsive to the position of said two mem 
bers for regulating the action of the controlling 
means of Said other hlub to pro Wide for maintain 
ing a predetermined relation between the setting 
Of the blades of said two hubs. 

19. A dual rotation propeller of the character 
described adapted to be driven from oppositely 
rotating drive shafts comprising a pair of hubs 
adapted to be mounted in tanden relation upon 
said drive shafts, propeller blades adjustably car 
ried by each of said hubs, the blades of one hub 
being of opposite pitch to those of the other hub, 
fluid pressure actuating means in each of said 
hubs for effecting, adjustment of said blades to 
vary the pitch thereof, separate fluid pressure de 
veloping means in each hub to supply fluid under 
pressure to said actuating means within that hub, 

Y 
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means within each hub for controlling the ap 
plication of the fluid pressure to the actuating 
means of that hub to effect adjustment of the 
pitch setting of the blades thereof, independent 
means in one of said hubs for regulating the con 

of, and means for coordinating the setting of the 

s 
trolling means of that hub to adjust the setting 
of its said blades to a predetermined position, a 
member in said other hub responsive to the posi 
tion of the blades of said first mentioned hub, 
a second member in said other hub responsive to O 

the position of the blades of that hub, and a float 
ing lever connected with both said members and 
with the controlling means of said other hub for 
regulating the action of the latter to effect a 
change in the setting of the blades of said other 
hub concurrently with and corresponding to a 
change in the setting of the blades of said first 
ninentioned hub. 

20. A dual rotation propeller of the character 
described comprising a pair of drive shafts ro 
tating in opposite directions, hubs positioned on 
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blades of one hub with the setting of the blades 
Of the other hub. 

22. A dual rotation propeller adapted to be 
driven from a pair of oppositely rotating drive 
shafts comprising a pair of hubs each associated 
in driven relation with one of said drive shafts 
and having a plurality of blade sockets, blades 
adjustably mounted in said blade Sockets with 
those of one hub being of opposite pitch to those 
of the other, power actuated means in each hub 
for adjusting the pitch of the blades, means for 
developing power in each hub to effect actuation 
of said power actuated means, control means for 
controlling the application of the power develop 
ing means to the power actuated means of one hub 
to effect adjustment of the pitch setting of the 
blades of that hub, and control means in the other 
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each drive shaft in tandem relation to each other, 
a plurality of hydraulically adjustable blades car 
ried by each hub, a fluid-containing reservoir ro 
tatable with each of said hubs, fluid pressure ac 25 
tuated control mechanism in each hub for effect 
ing changes in blade pitch thereof, means where 
by the pitch of the blades of one hub is inde 
pendently controlled in response to speed and 
manual selection, and means whereby the pitch 
of the blades of the other hub is controlled in 
accordance and in response to a change in the 
setting of the blade pitch of said one hub. 

21. A dual rotation propeller of the character 
described adapted to be driven from a pair of 

said hub dependent upon the position of the 
blades in said first mentioned hub for controlling 
the application of the power developing means of 
said other hub to the power actuated means there 
of to effect a corresponding change in the pitch 
setting of the blades of said other hub. 
23. A dual rotation propeller adapted to be 

driven from a pair of oppositely rotating drive 
shafts comprising a pair of hubs each associated 
in driven relation with one of said drive shafts 
and having a plurality of blade sockets, blades 

30 adjustably mounted in said blade sockets with those of one hub being of opposite pitch to those 
of the Other, fluid pressure actuated means in each 

35 
oppositely rotating drive shafts comprising a pair 
of hubs respectively associated in driven relation 
with said drive shafts and each provided with a . 
plurality of blade sockets, propellerblades ad 
justably mounted in each of said sockets, the 
blades of One hub being of opposite pitch to those 
of the other hub, fluid pressure actuating means 

hub for positively adjusting the pitch of the 
blades thereof in both pitch increasing and pitch 
decreasing adjustments, means for developing 
fluid pressure to effect actuation of said pres 
süre actuated means of each hub, control means 
for controlling the application of the fluid pres 
Sure in one hub to the pressure actuated means 
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in each of said sockets for effecting adjustment of 
said blades to vary the pitch thereof, fluid pres 
Sure developing means for supplying a separate 
Source of fluid under pressure to said actuating 
means in each hub, means for controlling the 
application of the fluid pressure within each hub 
to the associated actuating means to effect ad 
justment of the pitch setting of the blades there 
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of that hub to adjust the blades thereof to a pre 
determined pitch position, and means in the other 
Said hub dependent upon the actual position of 
the blades of said first mentioned hub for con trolling the application of the pressure source 
Within Said other hub to the pressure actuated 
means thereof to maintain a corresponding posi 
tion of the blades of said other hub in relation 
to those of said first-mentioned hub. 

WERNER. J. BLANCHARD. 
CHARLES S. J. MAcNEIL. 
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