
Nov. 3, 1953 M. E. CUSHMAN 2,657,755 
WARIABLE PITCH PROPELLER 

Filed Aug. 28, 1947 5 Sheets-Sheet 

S M (SN SNL SeS 
N \ N Ns 3. N 
ray 

2. 

S.ŠSEx Ye 

— 

E 

c S 3. SS 

a t 2 SNSSS 
12 2. 33 SSAA NSNS3 

22%232Aze 
2.SSISS.2% 2S3, F SSSSSSSS NN S. SSSS S SSSESS 
2 62% 
N. 

S.N NS NVENTOR. 

AORNEY 

  

  

  

  

    

    

  

    

  

  

  

  

  

  

  

  

  

  

    

  

  

    

    

    

  

  

  



Nov. 3, 1953 M. E. CUSHMAN 2,657,755 
WARIABLE PITCH PROPELLER 

Filed Aug. 28, 1947 5 Sheets-Sheet 2 

/. 2 

2 

% 2 

S Z4. (s SS És 1 
3e3e3% ŠSS SS =NENYSS 
fa233 SVSS NNass 

63% 
2 

Nysa as N 2% 
issssf.2: %27% () 
(ON 6) 23, 62%22. 2a 42 6% 222 esses an AAAAA, 

Aizz.5% INVENTOR 
Y/70 M-76ACA A. CZA (A72W 

22.3% 
ATTORNEY 

MO 

  

  

  

  

  

  

  

  

  

    
  

  

  

  

    

  

  

      

  

  

  

  

  

  

  

  

  

    

    

    

      

  



Nov. 3, 1953 M. E. CUSH MAN 2,657,755 
VARIABLE PITCH PROPELLER 

Filed Aug. 28, l947 5 Sheets-Sheet 3 

y 
S N N N N 
N N N 
N N N 
N N 
N 

N 

NVENTOR. 
A7/10/e/CA. A. (ASA/2M/ 

BY -674% as%eer 
AORNEY 

  



Nov. 3, 1953 M. E. CUSHMAN 2,657,755 
WARIABLE PITCH PROPELLER 

Filed Aug. 28, 1947 5 Sheets-Sheet 4 

s 
s C 

($ 
S 
N N 
V 

N N N 
N N 
S 

NVENTOR. 
Ma/Va/CA. A. O’M?AW4W 

ATTORNEY 

  



M. E. CUSHMAN 

WARIABLE PITCH PROPELLER 

Nov. 3, 1953 2,657,755 

5 Sheets-Sheet 5 Filed Aug. 28, 1947 

INVENTOR. 
A4A/OA. A. CZOAZ2// 

BY 

AORNEY 

  



Patented Nov. 3, 1953 2,657,755 

UNITED STATES PATENT OFFICE 
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WARIABLE PITCH PROPELLER 

Maurice E. Cushman, Verona, N. J., assignor to 
Curtiss-Wright Corporation, a corporation of 
Delaware 

Application August 28, 1947, Seria No. 71,022 
6 Claims. 

This invention relates to aircraft propellers and 
is concerned particularly with improvements in 
hydraulically actuated propellers along with 
novel control Systerns therefor. The invention 
comprises certain improvements in the propeller 
disclosed in my co-pending application Serial No. 
651,264, filed March 1, 1946, now Patent No. 
2,640,555, and further is associated with propellers 
including compensated blade mountings to over 
Come the pitch flattening effect due to centrifugal 
force disclosed in my co-pending applications 
Serial Nos. 598,791 and 598,792, both filed June 11, 
1945, now Patents 2,514,477 and 2,533,358, respec 
tively, and Serial No. 722,253, filed January 15, 
1947, now Patent No. 2,566,696. 
Application Serial No. 651,264 discloses a pro 

peller hub and blade pitch changing mechanism 
which includes an annular piston and cylinder 
assembly coaxial with the propeller shaft, wherein 
the externai, cylinder wall is stationary and the 
internal cylinder wall rotates with the propeller. 
With the stationary wall is associated a housing 
Containing the hydraulic control system for the 
propeller and a speed sensitive governor. Pro 
peller Speed is controlled by changing blade pitch 
and hence, load on the prime mover, pitch change 
being initiated by the Sensing of speed errors by 
the governor. 
In the present invention, the pitch change 

mechanism and propeller hub is similar to that 
previously disclosed but, instead of the propeller 
incorporating its own speed responsive governor, 
it is provided with a blade angle control mecha 
nism adapted to be associated with a separate 
control system, such as that of the power plant. 
Two blade pitch control arrangements are dis 
closed; one, Called beta, control, Serving to adjust 
propeller pitch to a desired blade angle and the 
other, called rate control, Serving to adjust the 
propeller mechanism to Secure increased or de 
creased pitch at Such rates of pitch change as 
may be called for by the separate control system. 
Objects of the invention are: to provide a Self 

contained hydraulically actuated propeller; to 
provide, in a propeller assembly, a non-rotating 
housing forming a part thereof which carries all 
of the nechanism eSSential to attain the desired 
range and/or rate of operation of the propeller; 
to provide a unitary propeller assembly, wherein 
the blades are changeable in pitch through a 
Servonotor System and Wherein a control is pro 
vided for external operation which may be moved 
to effect increased pitch, decreased pitch, feather 
ing, and reverse pitch; to provide a pitch indicat 
ing system which will, at all times, indicate the 

(C. 170-160.37) 

actual pitch position of the propeller blades; to 
provide a hydraulic propeller system whose pitch 
change is effected through a servomotor system 
which Secures pitch changing power from propel 
ler rotation; to provide an accumulator system as 
part of the unit propeller assembly by which 
pitch changes may be effected when the propeller 
is not rotating, or is rotating at Such a low speed 
as to provide inadequate power to effect pitch 

0. change; to provide a pumping system in a self 
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contained hydraulic propeller wherein pressure 
levels in the propeller will be held at desired 
values for propeller operation and which will in 
hibit leakage of hydraulic fluid from the propel 
ler; to provide a fluid Supply Sump as part of a 
unit propeller assembly which is insensitive to 
position or acceleration and which thereby will 
furnish the propeller mechanism with adequate 
Operating fluid in all attitudes and conditions of 
operation of the airplane with which the pro 
peller is associated; to provide a propeller which 
is particularly adaptable for use with gas turbines 
as distinguished from reciprocating engine power 
plants; and to provide a propeller having variable 
rates of pitch change in accordance with demands 
made upon the propeller by the aircraft and 
power plant combination. 
Further objects of the invention will become 

apparent in reading the annexed detailed de 
scription in connection with the drawings. It 
is to be expressly understood, however, that the 
drawings and description are merely exemplary 
of one manner of accomplishing the teachings of 
the invention and the scope of the invention is 
only to be construed from the Subjoined claims. 
In the drawings, in which similar reference 

characters denote similar parts, 
Fig. 1 is a side elevation of a unitary propeller 

assembly with the operating mechanism in longi 
tudinal Section; 

Fig. 2 is a transverse section through the Op 
erating mechanism of the propeller substantially 
on the line 2-2 of Fig. 1; 

Fig. 3 is a Sectional plan of the portion of the 
propeller operating mechanism on the line 3-3 
of Fig. 1; 
* FigS. 4 and 5 are Schematic diagrams of One en 
bodiment of the propeller operating mechanism, 
pertaining to a rate type of pitch change con 
trol, Fig. 4 showing the System in normal operat 
ing condition and Fig. 5 showing the system in 
feather position; and 

Fig. 6 is a Schematic diagram of an alternative. 
propeller operating System adapted for pitch 
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angle or beta control, showing the system in the 
feathered blade position. 
As stated, the invention includes two embodi 

ments-a, rate type of pitch change control and 
a pitch angle ol' beta type of pitch change con 
trol. The two systems are similar in most re 
spects, and the differences between them will be 
pointed out in connection with a description of 
the schematic diagrams. The majority of the 
structural components of the propeller for both 
control arrangements are the same. FigS. 1, 2 and 
3 include control provisions applicable to the beta 
control. 

Referring first to Figs. 1, 2 and 3, provide a 
propeller hub. O having blade sockets 2 (one be 
ing shown) from which extend propeller blades 
4. The mounting of the blades in the hub 

Sockets is preferably in accordance with the 
teachings of the previously mentioned applica 
tions although any appropriate type of blade 
mounting may be used. The hub O is mounted 
upon a propeller shaft f6 through splines 8, the 
System utilizing the conventional form of pro 
peller hub nut, not shown, by which the propeller 
is secured on the shaft. The propeller hub fo 
carries a, rearward integral extension 20 sur 
rounding a portion of the propeller shaft and 
coaxial therewith and comprising an inner an 
nular cylinder wall upon which an annular pis 
ton 22 is freely slidable. The piston 22 as well 
as the sleeve 20, closure 84 and rear partial clo 
sure elements secured to the cylinder 20, rotate 
With the propeller and the piston 22 is connected 
to the several propeller blades by rods 24 secured 
thereto and extending into the hub. O for en 
gagement with appropriate mechanism. On the 
root ends of the propeller blades. Embracing the 
piston 22 is a stationary or non-rotating cylinder 
26, non-rotatively secured to and within a hous 
ing 28 resiliently engaged with appropriate studs 
30 springing from a power plant nose plate 32, 
the studs 30 Serving to constrain the housing and 
its associated parts against rotation. The entire 
housing 28 and its contained and aSSociated 
parts, however, is carried by and piloted on the 
propeller hub so that, while the housing does not 
rotate with the propeller, it is piloted on the pro 
peller so that tha propeller may rotate relative 
to it. The housing thus forms part of the pro 
peller assembly and is removable with it as the 
propeller is removed from the shaft f6. On the 
left end of the cylinder assembly as shown in Fig. 
1, a primary rotating seal 34 is indicated to min 
inize leakage from the leftward end of the an 
nular cylinder and a rotating front closure 84 
when the cylinder interior is exposed to fluid 
pressure. Fluid which may leak past the primary 
seal flows into a cavity 36 connected to a non 
rotating Sump at atmospheric pressure. Leak 
age from the cavity 36 is minimized by a Second 
ary seal 38 between the rotating member 84 and 
the non-rotating housing elements, any leakage 
passing the seal 38 being caught in a labyrinth 
40 in the non-rotating housing 28 whence it flows 
to a scavenger pump 4.2 (Fig. 2) and thence to a 
non-rotating Sump 44 in the housing 28. 
In somewhat the same fashion a primary Seal 

46 is arranged between the non-rotating cylinder 
26 and a closure 4 Secured to and rotated with 
the extension 29 toward the right hand end of 
the cylinder 26, such seal being backed up by a 
secondary seal 48, between rotating and non 
rotating parts, the space between the Seals being 
connected to the non-rotating Sump 44 and the 
space downstream of the secondary seal 48 lead 
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4. 
ing to a labyrinth 50 whence fluid bleed is 
Scavenged by the pump 42 and returned to the 
Sump 44. 
Within the housing proper, the fluid sump 44, 

shown in Section in Fig. 2, is contained, this sump 
including a filler opening 52 capped at 54 and 
leading to a plurality of passages such as 56, each 
Opening into a different portion of the hydraulic 
System and one leading to the sump proper. The 
Several filler passages 56 enable complete filling 
of the System when empty so that the hydraulic 
fluid does not have to be bled from the sump 
proper into the several portions of the system. 
The upper portion of the sump, occupying the 
upper portion of the housing 28, leads to left and 
right chambers 58 and 60 in the lower housing 
portion through passages 62 and restricted ports 
64, the latter ports being disposed toward the 
bottom of the chambers 58 and 60 and the cham 
bers being defined from the housing 44 by walls 
66 integral with the housing 28. The uppermost 
portions of the chambers 58 and 60 are vented 
as at 68 to the upper sump 44 through small re 
Stricted openings. Fluid in the upper sump 44 
flows through the passages 62 and the ports 64 
to fill the chambers 58 and 60, the air in these 
chambers venting into the upper sump through 
the openings 68. Fluid from the chambers 58 
and 60 is led through openings 70 into an annular 
paSSage 72 Surrounding the cylinder 20 which 
passage forms a manifold from which the pro 
peller mechanisms are supplied with fluid. In 
Operation, the chambers 58 and 60 remain filled 
at all times So long as the level of fluid in the 
entire Sump System is adequate for operation. 
Should the housing be inverted for a reasonable 
interval, the chambers 58 and 60 will remain full 
of fluid to a Sufficient extent to feed the hydraulic 
System, although that fluid in the upper sump 
44 may flow away from the passages 62. Upon 
restoration of normal attitude, the fluid in the 
upper Sump 44 will again be available to feed the 
chambers 58 and 60 and any minor fluid with 
drawal from said chambers will be made up from 
the normal fluid supply. 
The annular passage 72 and its associated hy 

draulic parts are at atmospheric pressure. The 
fluid in the passage 72 feeds the eye of the im 
peller of a centrifugal booster pump 74 which dis 
charges into a passage 76 leading to the inlet of 
a positive gear pump 78. The gear pump dis 
charge 80 is connected through ports shown in 
the Schematic diagrams to furnish pressure fluid 
to the annular cylinder in the propeller through 
the control mechanism to effect pitch change of 
the propeller. Working fluid in the system, after 
use in the propeller mechanism, is returned to 
the passage 76 so that there is no tendency to 
bleed the chambers 58 and 60 dry even when the 
aircraft attitude temporarily separates the cham 
bers 58 and 60 from fluid communication with 
the upper Supply sump 44. 
The Several pumps 42, 74 and 78 are housed 

in the stationary housing 28 and are driven as 
shown in Fig. 1, by a gear 82 integral with a back 
plate 84 secured to the propeller hub O. Said 
gear 82 meshes with a pinion 86 forming a part 
of the impeller of the booster pump 74, the shaft 
of the latter being directly connected to one of 
the gears of the gear pump 78. The other gear 
of the gear pump carries a shaft 88 upon which 
is formed (as shown in Fig. 2) the impeller of the 
Scavenger pump 42. The pump components of 
the assembly are contained within a sandwiched 
housing secured to a lower flat face of and form 
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ing a part of the housing 28, the elements of the 
lower housing comprising an upper member 90, 
an intermediate member 92 and a lower member 
94. As will be clear in Fig. 2, these elements 90, 
92 and 94 are so designed as to lie within the cir 
cular envelope defined by the stationary housing 
28, the entire housing assembly having a di 
ameter slightly greater than the circle defined by 
the Outermost parts of the blade SocketS 2. On 
the hub O. 
The housing elements 90, 92 and 94 further 

contain, or have attached thereto, components 
including Valves and the like by Which pitch 
change of the propeller is controlled. These com 
ponents will be most clearly understood in con 
nection with the description associated with the 
Schematic views of FigS. 4, 5 and 6. 

Disposed on Substantially vertical axes along 
the side portions of the housing 28 is a pair of 
integral accumulator flasks 96, these flasks Con 
taining dry inert gas under pressure and serving, 
as Will be described, to provide power for normal 
propeller pitch change, and for final feathering 
and initial unfeathering of the propeller when 
the latter is rotating slowly or not at all. The 
flask walls are integral with the housing 28 and 
each flask contains an elastic diaphragm 98 Serv 
ing as a floating piston to isolate the pressurized 
gas from hydraulic fluid contained in the flask. 
The passages leading hydraulic fluid to and from 
the accumulator flasks which are connected to 
the tops of the accumulators, are shown func 
tionally in the schematic views and have been 
omitted in Figs. 1, 2 and 3 to minimize complexity 
of these figures. The two accumulators are pre 
loaded with inert gas at different pressures, for 
instance, 100 and 500 pounds per square inch. 
The low pressure flask provides comparatively 
large fluid capacity, for unfeathering, in the low 
pressure range, while the high pressure cylinder 
provides large fluid capacity in the high pres 
sure range between the loading and unloading 
pressure settings of the pump unloading valve 
it 2, to be described. The accumulators are 
parallel connected. 

If hydraulic System pressure is in a low range 
between, say, 100 to 300 pounds per Square inch, 
the low pressure flask will be partly full and will 
provide a substantial pressurized liquid Supply 
for System operation, particularly for unfeather 
iing the propeller. At this low System pressure, 
the high pressure flask will be empty of liquid 
since the gas pressure therein is higher than low 
System pressure. 

If System pressure is in a normally high operat 
ing range of, say, 500 to 700 pounds per square 
inch, the high pressure flask will be partly full 
and will provide a highly pressurized liquid sup 
ply in amount adequate for System operation for 
pitch change in normal operation and for feather 
ing. At this high System pressure, the low pres 
Sure flask will be substantially full of liquid at 
high pressure but will remain relatively unavail 
able while system pressure remains high due to 
the Small amount of gas in the flask. 
Charging of the flasks with liquid occurs in se 

quence; as the pump operates, pressure builds up 
and fills the low pressure flask. Continued pump 
operation further builds up pressure in both flasks 
and fills the high pressure flask until pressure 
reaches a value to unload the pump. This ar 
langement enables the accommodation of a large 
amount of liquid for system operation in the high 
pressure region, the liquid being predominantly 
in the high pressure flask which has a large 
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amount of gas therein. The fairly large amount 
of liquid for use in the low pressure region re 
mains in the low pressure fiask which has a small 
amount of gas therein. Inherently, the supply of 
liquid available between the high and low regions 
will be Small, but much liquid is not needed in 
the intermediate region. Thus, an economy of 
material and bulk is secured by the two-flaskar 
rangement. When liquid is withdrawn in high 
pressure operation, the majority of it comes from 
the high pressure flask, and a small amount only 
from the low pressure flask. 
The arrangement may be compared to two come 

pression springs in series, one a soft spring and 
the other a stiff spring. Initial force on the soft 
spring compresses it until it reaches solidity, and 
a large increment of force is then needed to 
compress the stiff spring. Upon expansion, the 
stiff spring provides considerable force over a 
Substantial distance until it has extended; then 
the soft spring exerts its force over a further 
range of distance. 

Reference is now made to Figs. 4 and 5 which 
show the hydraulic systems in schematic fashion, 
those components of the system which have al 
ready been described bearing the same reference 
characters as in Figs. 1, 2 and 3. 
In this arrangement a control level 00 oper 

able manually or preferably by a coordinated con 
trol mechanism exteriorly of the propeller is ef 
fective to change the rate or pitch change of 
the propeller either in a pitch increasing or a 
pitch decreasing direction. The lever OO is nor 
mally disposed adjacent a portion of the station 
ary propeller housing 28, 9.0, and is mounted on 
a shaft which carries a pinion O2 engaging a 
rack rod 04 upon the leftward end of which is 
a control valve O6. This valve is also shown 
in Fig. 3. The valve is disposed in a bore O8 (in 
the housing 90) to which a plurality of passages 
are connected. One of these passages Sup 
plies pressure fluid to the valve bore and leads 
thereto from an unloading valve assembly 2 
and from an accumulator valve assembly 4. 
The unloading valve assembly, known in the art 
and described in detail in my co-pending applica 
tion Serial No. 651,264, is provided with pressure 
fluid on demand from the gear pump 8 through 
the conduit 80. The accumulator shut-off valve 
f 4 when open, connects the accumulators with 
the passage 0 and the unloading valve assembly 

2. The accumulator shut-off valve is automatic 
in its operation and is that type of valve which 
is disclosed in my co-pending application Serial 
No. 743,748 filed April 25, 1947, now Patent No. 
2,556,719. 
The valve bore 08 has a port and associated 

paSSage 6 leading to the leftward end of the 
propeller annular cylinder 26, said valve bore 
having another port and passage 8 leading 
therefrom to the right hand end of the propeller 
annular cylinder. The outer ends of the valve 
bore are provided with ports and passages 20 
connected on the one hand to a control portion 
Of the accumulator shut-off valve f4 and on the 
other hand to the delivery side of the booster 
pump 74 and to the intake side of the gear pump 
78 as at 76. When the valve 06 is moved to the 
right, as shown in Fig. 4, pressure fluid is admit 
ted through the passage 0, the valve O6 and 
the passage 8 to the right hand end of the an 
nular piston, urging pitch increase. Fluid in the 
left end of the annular cylinder is returned 
through the passage 6 and the valve 06 to 
the gear pump intake 76. When the valve O6 



7 
is moved leftwardly, the port to is connected 
with the port 6 whereby pressure fluid passes 
to the left end of the propeller annular cylinder 
to cause pitch decrease of the propeller blades. 
As pitch of the blade decreases, fluid at the right 
hand end of the annular cylinder 26 is discharged 
through the passage 18 and the valve ?o to 
the passage 76 for recirculation in the pump SyS 
tem. The rate of change of pitch is established 
by the degree to which the ports ? 6 and i? 8 are 
opened. . 
The turbine control or other control mecha 

nism operating the valve lever 100 and valve 
OS is so arranged as to call for pitch increase 

or pitch decrease at varying rates of pitch change 
and further is so arranged as to shut off the ports 

6 and f f 8 when no pitch change is needed, 
thus providing a hydraulic lock. The control 
system operating on the lever 100 likewise is con 
trollable to call for reverse pitch operation of 
the propeller and for feathering movement of 
the propeller. For reverse pitch, a pitch decrease 
is demanded and is carried to the point where 
the blade 4 rotates until reverse pitch position 
ing of the blade is attained. When feathering 
is called for, the mechanism operating on the 
lever 00 calls for feather and increased pitch 
as shown in Fig. 5 and remains in that position 
throughout feathered operation of the propeller. 

Since the operation of the pump system of 
the propeller depends upon propeller rotation, 
a propeller pitch position will be reached during 
feathering where propeller rotation is low and 
where insufficient capacity may be available from 
the pump 78 to accomplish, without aid by the 
accumulators 96, the final phases of feathering. 
To this end, the accumulators 96 automatically 
provide the necessary power for final feathering, 
these accumulators having been charged during 
normal operation and having sufficient capacity 
not only to accomplish final feathering of the 
propeller but to accomplish unfeathering of the 
propeller when such a demand is made after the 
propeller has been feathered. After complete 
feathering, the accumulator shut-off valve f4 
closes the pressure line O serving the control 
valve 06, from the accumulator conduit 24, 
whereby the accumulators are isolated from the 
system during inactivity of the propeller. Upon 
call for decrease in pitch after feathering, the 
accumulator shut off valve f4 is opened con 
currently with a decrease pitch demand in the 
valve 06 whereby accumulator pressure passes 
through the lines 24 and 0 to the valve bore 
08 whence the fluid pressure passes to the port 
and passage 6 to initiate pitch decrease. AS 
propeller rotation starts due to Windmilling ac 
tion, the pump system begins to operate to pro 
vide pressure fluid necessary to recharge the 
accumulators, and, possibly bring propeller pitch 
to a normal operating level. The valve 4 re 
mains open during normal or reverse pitch oper 
ation. 
The accumulators, during normal operation, 

are held at a pressure level between high and 
low limits, and provide the power needed for nor 
mal propeller pitch increase and decrease. When 
the pressure level in the accumulators drops to 
the low limit, established by the setting of the 
unloader valve unit 2, the pump 78 is loaded 
and replenishes the accumulators to the high 
pressure limit. The unloader valve f l 2 loads and 
connects the pump 18 to the passage 9 when ac 
cumulator pressure is low and unloads and discon 
nects the pump 78 from the accumulator system 
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(the passages. O. and 24) when the accumu 
lator pressure has risen to the high pressure limit. 
As will be seen from the schematic diagram, the 

Zones between primary and secondary seals, 44, 
38 and 46, 48 in the annular propeller cylinders 
are connected through a passage 26 to the sump 
44. The sump 44 is maintained at atmospheric 
pressure by venting it through the line 28 to 
the impeller eye of the scavenger pump 42, said 
impeller having vent holes f 29 therethrough to 
connect the vent with the scavenger pumpinlet 
line leading from the labyrinths 40 and 50. Fluid 
in the labyrinths flows by gravity to the pump 
42, which acts as a fluid-air separator, delivering 
fluid to the sump but allowing air flow in either 
direction for venting the sump 44. The scaven 
ger pump further prevents loss of fluid from the 
Sump when the airplane may be inverted, by 
pumping fluid through a vent line f28a back to 
the Sump. Sump fluid may pass from the sump 
chambers 58 and 60 through the channel T2 and 
a passage 30 to the intake of the booster pump 
74, the output of the latter pump charging the 
intake of the gear pump 18 and likewise main 
taining a booster pressure, substantially less than 
the pressure delivered by the gear pump 78 or 
the accumulators 96, in that end of the pro 
peller annular cylinder which is not being pres 
Sure fluid loaded by a call for pitch change, this 
connection being established through the ports 
and passages 20 from the booster pump dis 
charge 76. 
When the unloader valve (2 unloads the gear pump 78, the gear pump discharge, at low pres 

Sure, is directed through a passage 3 ? leading 
to a filter 32 and thence to the sump chambers 
58 and 60 through the passage 72. 

Positive indication of the pitch of the propel 
ler blades is at all times available through the 
medium of a shoe 34 bearing on the propeller 
annular piston 22 and connecting through a 
flexible strip 36 to a bevel gear set 38 asso 
ciated with the cylinder wall 26, the driven gear 
of Said gear set carrying a pinion or sector 40 
engaged with a rack formed on a rod 42. Some 
of these elements are shown in Figs. 1, 2 and 3 
Whereby their location in the propeller aSsembly 
is made clear. The rod 42 is translated to left 
and right in accordance with the actual pitch 
position of the propeller blades and is urged as 
shown in Fig. 4 in a leftward direction by a small 
piston-cylinder unit 44 which is fed from the 
accumulator conduit 24 so that the shoe 34 
is at all times urged into contact with the an 
nular piston 22. A rightward extension of the 
9 42 carries a rack 46 engaged with a pinion 
f 48 to which an arm 50 may be secured, said 
an projecting from a portion of the propeller 
housing assembly for connection to pitch indi 
cation pickup devices in the propeller control 
System. Where a rate type of propeller pitch 
Control is utilized in conjunction with a gas 
turbine, the control system normally requires 
a pitch signal for its coordinated operation inad. 
justment of propeller blade pitch. The pitch 
indicating arm 50 provides such a signal. 
At the right hand end of Fig. 4 is shown a cross 

link 52 loosely engaging elongated slots in the 
Tight hand ends of the rack rod 42 and the 
valve actuating rod 04. At its upper end, the 

52, is hinged to a sliding member is as at 
, said member being engageable at times with 
Toker arm 58 pivoted to fixed structure at 

60, the other end of said arm being engageable 
with a rod 62 forming a part of the accur 
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tor shut-off valve system f4. Under all con 
ditions except when the propeller is at or near 
feathering, the rod 62 is pressed leftwardly by 
a Spring 64 whereby the accumulator shut-off 
valve it is constrained toward the open posi 
tion as Shown in Fig. 4. 
When the control arm OO is moved to the ex 

treme left position as shown in Fig. 5, calling 
for feathering, the lower end of the link 52 is 
noved to the right by the rod 4. As the 
propeller pitch increases, the pitch indicator rod 
42 moves leftwardly and prior to final feather 

ing, through the member 54, rocks the arm 58 
counter-clockwise as shown in Fig. 5, relieving 
the accumulator shut-off valve rod 62 of the 
Spring pressure normally tending to hoid it in 
a leftward position. When propeller feathering 
is finally completed, as when the pistOn 22 
reaches the limit of its stroke, the accumulator 
Shut-Off Valve 4 closes by the change in pres 
Sure relationships occurring when the System be 
comes inactive, in which position it remains 
While the propeller is feathered. 
Upon a call for unfeathering, the control valve 

rod O4 is moved leftwardly thereby freeing the 
lower end of the link 52, the upper link end 
then moving to the right around the pivot of the 
rod 4 and unloading the rocker arm 58. The 
Spring 64 then forces the accumulator shut 
of Wave control rod 62 to move to the left, 
Which adjusts the pressure relationships in the 
Shut-off Valve 4 So that the latter opens, con 
necting the accumulator to the propeller to ef 
fect pitch decrease. As the pitch decrease con 
tinues, the propeller Windmills, pump preSSure 
can be built up in the System and the accumula 
tors become recharged to operate in conjunc 
tion with the pump as previously described. 

Reference should now be had to Fig. 6 which 
shows the propeller System adapted for beta con 
trol or pitch position control. The entire SyS 
tem is substantially identical with that pre 
viously described save for the right hand end of 
the schematic Systems depicted. The sliding 
member 56' in this arrangement is provided 
with rack teeth engaged by a pinion Sector 70 
actuated by an appropriate control or arm. 2. 
The rack member 54 serves the Same purpOSe 
With respect to the accumulator shut-off Valve 
and the rocker arm 58 as it did in the previous 
ly described embodiment. However, the mem 
ber 54 serves the further purpose of establish 
ing finite pitch positions of the propeller. A 
link 4 is pivoted at 56' to the Sliding member 
G54' and is likewise pivoted as at 76 to the pitch 
indicator rod 2 and at 78 to the control valve 
rod 4. These elements are also shown in Fig. 
3. When the sliding member 54 is moved to 
some new position from a previous position, Say 
to the right, the link 4 will be swung clockwise 
about the pivot 6 as a center, moving the COn 
trol valve rod Oil to the left thereby calling for 
pitch decrease. When the pitch decreases, the 
indicator rod 42 moves toward the right caus 
ing the link 4 to swing counter-clockwise about 
the pivot 56' whereby the valve control rod 04. 
is restored to a central position calling for no 
pitch change, as the preset pitch value has been 
attained. This in effect becomes a Servo follow 
up system so that any pitch position demands 
dictated by movement of the control arm 2 
initiate pitch change at a rate which gradually 
becomes less as propeller pitch position ap 
proaches the desired value, finally cutting of 
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O 
Wides a graduated type of control wherein initia 
tion of pitch change in Small amounts causes 
movement of the blades in pitch at a low rate, 
and Wherein initiation of pitch change demands 
Of large amount calls for high rate of pitch 
change at the beginning which gradually be 
comes leSS as the pitch approaches the desired 
Value. 
The basic Structure of the propeller herein 

described remains the same for both the rate 
and beta type of controls, the only essential 
Change residing in Substitution of one type of 
control linkage for the other. The propeller 
Structure has been designed to permit compara 
tively simple change from one system to the oth 
er, the essential changes involving the substitu 
tion of the links 14 and 52 and associated con 
trol elements. These changes may readily be 
made by removing the auxiliary housing 80 
(FigS. 2 and 3) which covers the link system, 
and Substituting one set of links and associated 
parts for the other. In the case of the rate con 
trol propeller (Figs. 4 and 5), the rate control ele 
ment 00 Would be borne in the housing 80 and 
Would carry a pinion engaging a rack extension 
of the control valve stem 04. 
The unloader valve assembly 2 shown in the 

Schematic view is disposed in an auxiliary hous 
ing, bearing the same number, secured to the 
right hand end of the lower attached housing 
portions shown in Fig. 2. The accumulator shut 
of valve assembly if 4 shown in the schematics 
is disposed in a cavity bearing the same refer 
ence character within the housing 90. Other 
associated parts of the control system, where 
it is feasible to do so without unduly complicat 
ing Figs. 1, 2 and 3, are shown and numbered 
With the Same characters which are used for 
then in the Schematic diagrams. It will be 
appreciated that the housing elements such as 
28, 98, 92 and 94 may be cored and drilled to 
provide the various fluid passages shown in the 
Schematic drawings, in all instances said paSr. 
Sages being short and direct between the mem 
bers and components which they connect. It is 
considered that the disposition and location of 
paSSages of the type described comes Within the 
Scope of those skilled in the art, and accord 
ingly, a detailed showing of these passages has 
not been rendered in the drawings. 
Though several embodiments illustrating the 

invention have been shown and described, it is 
to be understood that the invention Inay be ap 
plied in other and various forms. Changes may 
be made in the arrangements, without depart 
ing from the Spirit of the invention. Reference 
should be had to the appended claims for defini 
tions of the limits of the invention. 
What is claimed is: 
1. In a controllable pitch propeller Comprising 

a rotatable hub having blades mounted therein 
for pitch change and a non-rotating housing 
journalled on the hub, said housing containing 
a hydraulic pitch change mechanism operably 
connected to said blades and including a motor, 
a pressure source, a feed conduit therefrom to 
Said motor, a supply conduit to said pressure 
Source, a discharge fluid conduit receiving fluid 
from Said motor, a scavenging conduit COnected 

said mechanism to receive leakage and Surplus 
fluid, and a fluid sump comprising two chambers 
normally Superimposed and in restricted con 
munication with one another, said Supply and 

pitch change as the value is reached. This pro-75 discharge conduits being connected to the owe 



. . . . . 

li 2,6 
most chamber and said scavenging.conduit being 
cónected to the uppermost chamber. . . . 

2. In a controllable pitch propeller comprising 
is rotatable hub having blades mounted therein 
for pitch change and a non-rotating housing 
journalled, on the hub, said housing containing 
a hydraulic pitch change mechanism operably 
connected to said blades and including a motor, 
a pressure source, a feed conduit therefrom to 
said motor, a supply conduit to said pressure 
spurce, a discharge fluid conduit receiving fluid 
from said motor, a scavenging conduit connected 
in said mechanism to receive leakage and Surplus 
fluid, and a fluidsump comprising two chan 
bers, normally, superimposed and in restricted 
conqunication with one another, Said Supply 
and discharge conduits, being connected to the 
normally,lowermost chamber, and said, Scaveng 
ing.conduit being connected to the normally, up 
permost chamber, said. Sump forming a part of 
said housing and being non-rptatable whereby, 
in all propeller attitudes, the said normally lower 
most sump chamber receives and discharges fluid 
for propeller operation. . . . . . . . . . . . 

3. In a controllable pitch propeller, a propel 
Jer-carried hydraulic motor operable to increase 
and, decrease pitch of the propeller, blades and 
comprising, a piston, element, and a cylinder 
ment, within which said piston element, is noy, 
able axially, a non-rotative housing carried by 
said propeller, embracing, said motor, and to 
which one of said elements is secured for non 
rotation, the other element of the motor being 
rotatable with the propeller, apart secured to 

a low Bressure pimp fed from saidsump and , 
delivering its output to the input of the high 
pfessire pump. . . . . . . . . . . . .". - 

4. In a controllable pitch propeller, a propel 
ler-carried double-acting hydraulic motor oper 
able to increase and decrease pitch of the propel- . 
lér blades and comprising a piston element and 
a cylinder. element within which said piston ele 
ment is movable axially, a non-rotative, housing 
carried by said, propeller, embracing said motor, 
and to which one of said elements is secured for 
non-rotation, the other element of the motor be ingrotatable with the propeller, a part secured 
to arid rotatable with said propeller, a primary seal between said part and said non-rotating ele 
ment, a secondary seal between said part and a portion of said housing, serially "arranged with 
the primary seal, there being a space between re 
spective primary and secondary seals, a fluid 
sump in said housing to which the said space 
between seals is connected, and a pump system 

s: . . . . . 57,755 
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driven by the propeller including a high pressure 
pump delivering operating fluid to the motor and 
a low pressure pump fed from said Sump and 

35 sump chamber I 

-- . . . -- i. 12 delivering its output to the input of the high 
pressure pump, and a scavenger pump delivering 
leakage fluid to said sump from the downstream 
side of said secondary seals. . . . . . . 

5. In a controllable pitch propeller having a 
self-contained pitch change mechanism, an ad 
justable hydraulic motor drivably connected to 
said pitch change mechanism, and a pump driven 
by the propeller having its discharge connected 
to, said motor; a propeller carried non-rotating 
Sump comprising a first sump chamber, a fluid 
connection from said first chamber to the inlet 
of said pump, a fluid connection to said first 
chamber fed by fluid discharged from said motor, 
said first chamber being normally filled with 
fluid, said sump further comprising a second 
sump chamber normally disposed above the first 
chamber, said second chamber being normally 
partly filled with fluid, and a restricted conduit 
connecting said two chambers to enable fluid flow 
therebetween and to maintain said first chamber 
in primed condition. . . . . . . . . . 6. In a controllable pitch propeller having a self-contained pitchchange.mechanism, an ad 
justable hydraulic motor drivably connected to 
said pitch change mechanism, and a pump driven 
by the propeller having its discharge connected 
to said motor; a propeller carried non-rotating 
sump comprising a first sump chamber, a field 
connection from said first chamber to the inlet of said pump, a fluid connection to said first chamber fed by fluid discharged from said motor, 
said first chamber. Being normally filled with 
fluid, saidsump further comprising a second 
- mally disposed above the first 
chamber, saidsecond chamber being normally 
partly filled with fluid, and a restricted conduit 
connecting said two chanbers to enable fluid 
flow therebetween arid to maintain said hrst chamber in primed condition, means to collect 
fluid leakage from said finotor, and pump means to collect and pump leakage fluid to said second 
chamber. . . . . . . . . . . MAURCE: E. CUSHMAN. 
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