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1. 

This invention relates to a controllable revers 
ible pitch propeller System and more particularly 
to Such propellers for use With marine vessels, and 
has for its main object the provision of a pro 
peller System of the character described in which 
the pitch of the blades can be readily and quickly 
varied, and also reversed, by remote control, while 
the propeller is in rotation under full load. 
Another object is to provide an exceptionally 

simple, compact, powerful and durable pitch 
changing mechanism which is economical to 
manufacture and easy to install, and the moving 
parts of Which are readily accessible for re-con 
ditioning or replacement in event of damage by 
accident. 
Another object is to provide a strong and rugged 

blade turning and torque multiplying mechanism 
adapted to be housed within a propeller hub of 
relatively Small diameter which will have a mini 
mum of working parts and which Will hold the 
blades rigidly, thereby avoiding any poSSibility of 
flutter or vibration of the blades in Operation 
due to excessive back-lash or elasticity. 
Another object is to provide a novel combina 

tion power take-off and reduction gear unit par 
ticularly adapted for attachment to various COm 
mercial marine engines without alteration there 
of, thereby to provide the Well-known advantages 
of reduction gearing in marine propulsion, and 
at the same time to provide readily controllable 
power means for actuating the pitch changing 
mechanism. 
Yet another object is to provide a novel con 

trollable reversible pitch propeller Organization 
in which the remote control means also inherently 
provides means for indicating the pitch and for 
limiting the pitch range, thereby eliminating the 
need for separate means to perform these func 
tions. 
A further object is to provide a controllable 

reversible pitch propeller organization partic 
ularly adapted for the replacement of fixed blade 
propellers already installed for purposes of nod 
ernization, without requiring any Substantial al 
teration of the existing propulsion arrangements. 
With these and other objects in view, as well 

as other advantages incident to the improved 
construction, the invention consists in various 
novel features and combinations thereof Set forth 
in the claims with the understanding that the 
several necessary elements constituting the Sailine 
may be varied in proportion and arrangement 
without departing from the nature and Scope of 
the invention as defined in the appended claims. 
To enable others skilled in the art to con 
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prehend the underlying features of this inven 
tion that they may embody the same by Suit 
able modifications in structure and relation to 
meet the various practical applications contem 
plated by the invention, drawings showing a pre 
ferred embodiment of the invention form part of 
this disclosure, and in such drawings like char 
acters of reference denote corresponding parts in 
the Several views in which: - 

Fig. 1 is a side elevation in half-axial section 
of a marine propeller aSSembly according to the 
invention. 

FigS. 2 and 3 are detail views of the novel coin 
bined nut-and-Wedge element shown in the prior 
figure. 

Fig. 4 is a side elevation in axial section of the 
novel combination power take-off and reduction 
gear unit of the invention in which various 
circular components are shown in half-axial Sec 
tion. 

Fig. 5 is a Schematic diagram showing the ele 
ments of and illustrating the operation of the 
remote control System of the invention. 

General description 
Considered as a whole, and referring generally 

to the drawings, the construction of the inven 
tion constitutes a complete controllable pitch 
propeller organization comprising in the main 
a propeller aSSembly as shown in Fig. 1, which in 
cludes novel mechanism characterized by its con 
pactneSS and great torque amplifying power 
housed within the propeller hub for turning the 
propeller blades axially in unison to vary, the 
pitch; a novel combination power take-off and 
reduction gear unit, as shown in Fig. 4, which is 
bolted to the flywheel housing of the engine 
in practice and which includes reduction gear 
ing and means for powering the pitch actuating 
mechanism; an intermediate tubular propeller 
shaft containing a coaxial Screw shaft, which 
drivingly connects the reduction gearing and 
power take-off mechanism to that of the propeller 
a SSembly; and a remote control system including 
a transmitter device located at the remote con 
trol Station in practice and a receiver device lo 
cated in the power unit. 

Propeller assembly 
Referring now to the drawings in detail and 

particularly to Fig. 1, the propeller assembly of 
the invention, which is of water tight construc 
tion, is shown by Way of example as comprising 
a hollow one-piece hub ?o secured tightly to the 
outboard end of propeller shaft 30 by means of 
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Stud bolts extending longitudinally through an 
upset flange formed on the outboard end of the 
propeller Shaft into threaded holes in the hub, 
in conventional manner. The hub is formed 
With Stepped radial blade Sockets and a stepped 
cylindrical axial bore extending from the in 
board end. 

Radial propeller blades 20, each having a cir 
cular bOSS and a cylindrical concentric root as 
ShoWn, are rotatably journaled in the radial 
SocketS of the hub by a blade mounting as 
Sembly Which also provides an externally sealed 
combination two-Way thrust and radial bearing. 
The parts of the blade mounting assembly, con 
sidered in the order and manner of assembly, 
are as follows: Blade journal 2, having an axial 
bore adapted to fit the blade root and an inner 
thrust flange is provided with two diametral 
crank pins 22 extending from the outer face of 
said flange. These crank pins are shown pro 
vided with loose roller sleeves 23 which for pur 
pOSes of assembly can be retained on the crank 
pins by a coating of grease. However, the crank 
pins can be provided with slipper blocks instead 
of roller Sleeves if So desired. Journal Sleeve 
bearing 8, preferably provided with a non 
metallic thrust Washer cemented to the inner 
face thereof, is dropped over the journal into 
position as shown. The journal with assembled 
parts is then placed in the hub socket with the 
crank pins engaged in the oppositely inclined 
grooves of Wedge 24, described in detail herein 
after, as shown. Beveled retainer ring 9, of well 
known commercial type, is next sprung into closed 
position and inserted in the hub socket and al 
lowed to spring out into the annular groove cut 
in the bore of the blade Socket, as shown. The 
retainer ring thus locks the journal sleeve bear 
ing in place against the shoulder provided for it 
in the hub Socket. 
Cover washer 6 is placed in position over 

the retainer ring as shown, and resilient metallic 
sealing ring 5, which has an arched Section and 
cupped oversize rim, is then pushed into the hub 
Socket, the cupped rim of this ring being a tight 
spring fit to provide a rim seal with the bore of 
the hub Socket, and to prevent rotatio of the 
ring. 
Outer thrust Washer 4 is next cemented to the 

circular seat provided for it on the blade boss 
to provide a seal therewith and prevent relative 
movement therebetween. The blade root is then 
entered into the bore of the journal, the bolt. 
holes in the blade boss being properly registered 
with the threaded holes in the journal. The 
blade 20 is then secured to the journal by cap 
Screws 3. When the latter are tightened, the 
arched middle portion of sealing ring 5 is 
compressed tightly against outer thrust Washer 
4, thus preloading both thrust bearings and also 

providing a tight seal between the two oute 
thrust bearing Surfaces. The Screw head re 
ceSSes in the blade boss are then sealed and filled 
flush. With Soft Soldier in the conventional nan 
e. 
Each blade mounting is thus sealed by a coin 

bination metallic Seal and outboard thrust bear 
ing. The Special element of this combination is 
the resilient metallic sealing cup--preferably 
formed from a thin sheet of non-corrosive metal 
which has an outwardly springing lip and an 
arched-spring web section. By thus combining 
the Spring Seal element with the outboard thrust 
bearing, the thrust bearing can be preloaded to 
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4 
to provide take-up for Wear, while keeping the 
starting friction underload to a minimum. More 
over, the preloaded resilient sealing ring has the 
effect of distributing the thrust bearing pres 
Sure due to the tilting force of the blade thrust 
on the blade. This Spring loaded, combination 
outboard Seal and thrust bearing is thus an im 
portant practical feature of the blade mount 
ing construction of the invention. 
The interior of the hub is preferably provided 

with a supply of lubricant, Such as heavy oil or 
light grease, for the purpose of lubricating the 
Working partS. 

It is to be noted that the bearing Surfaces be 
tween the resilient sealing ring and the outer 
thrust washer are lubricated in operation on the 
outer margin by Water, and on the inner nar 
gin by grease or oil, Hence the need of a coin 
bination of materials for these partS which is eS 
pecially adapted for such lubricating conditions. 
Moreover, the combination of materials should 
be such that the thrust, Washer is SOfter than 
the sealing ring and will not Score the latter. 
A Monel sealing ring of hard temper and a lan 
inated phenolic or other suitable plastic thrust 
washer meets these requirements. Moreover, any 
reasonable wear on the plastic thrust washer Will 
be compensated for by the spring effect of the 
sealing ring, hence will not result in leakage. 

Blade turning movement 
Referring now to Figs. 1. to 3, the blades are 

turned axially in unison in their Sockets to change 
their pitch by a novel mechanical movement 
characterized by utmost simplicity, compactneSS 
and large torque-multiplying power. It Com 
bines the principles of two basic mechanical 
powers, namely the screw and the Wedge. The 
combined nut-and-wedge element 24 of the nover 
ment, herein termed the wedge, consists of a 
prism having a threaded bore, rounded edges 
bearing against the bore of the hub and equilat 
eral faces, one for each blade. Each face is pro 
vided. With a pair of oppositely inclined Con 
jugate grooves. CG (see Fig. 2) operatively en 
gaging a pair of crank pins 22, which latter are 
forced to move, as followers, in the same rotary 
direction upon axial translation of the Wedge, 
thereby applying a torque couple to each blade. 
The wedge is translated in operation by a torque 
shaft 25 mounted for rotation and axial transla 
tion in the propeller shaft 30 and having an ex 
ternally and internally screw-threaded portion 
which extends into the hub fo and through the 
wedge, the external threads nating with internal 
threads in the wedge bore and the external 
threads mating With external threads on a fixed 
coaxial screw . Said external and internal 
threads of the torque shaft 25 are of the Same 
hand but of slightly different pitch. Whereby, 
when rotated, the torque, shaft translates itself 
along screw in one direction while translat 
ing Wedge 24 in the opposite direction, thus pro 
ducing differential movement of the wedge. The 
Screw-threaded portion of the torque shaft, the 
coaxial screw f, and Wedge 24 in combination 
therefore constitute a differential Screw Ove 
inent. 
The Wedge, shown in detail in FigS. 2 and 3, is 

of prismatic form and has a cross-section bounded 
by a circle and equal straight sides adapted to 
fit closely between the inner faces of the blade 
journals. Thus for a three-bladed propeller, as 
shown, the cross-section of the Wedge is a tri 

eliminate any wobble or shake of the blades and is angle with rounded corners, as shown in Fig. 3; 
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while for a four-bladed propeller, the cross-sec 
tion would be a square With rounded Corners. 
The diameter of the circumference is only slightly 
less than the diameter of the axial bore in the 
hub, so as to be sliding fit therein, thus avoiding 
any possibility of transverse wedging action 
against the journals. The wedge has an axial 
bore screw-threaded in part to mate with cor 
responding threads on screw shaft 25; the shaft 
and nut in combination thus constituting a Screw 
and-nut pair. Preferably the screw threads are 
of Acme form of self-centering type. 
Each lateral face of the wedege is provided with 

oppositely inclined conjugate wedge-grooves as 
shown in detail in Fig. 2. These Wedge-grooves 
are preferably symmetrically disposed with re 
spect to the center plane of the wedge as shown, 
and have a curvature such that the angular dis 
placement of the crank pins is proportional to the 
travel of the wedge. The wedge-grooves, of 
course, have a width and depth adapted to fit 
the crank pin rollers 23, or the Slipper blocks 
when used. The pitch line and contours of the 
curves of the grooves can be determined graph 
ically in any specified case in the well-known 
manner for determining cam contours, and can 
be precisely defined mathematically as a pair of 
conjugate curves as more particularly described 
in my copending application Ser. No. 770,640, 
filed Aug. 26, 1949. 
The screw shaft 25 is provided at the outboard 

end with a threaded axial bore adapted to mate 
with the threads of coaxial screw if which is fixed 
coaxially in the bore of the hub in any desired 
manner, as for example by means of a croSS 
screw 12 set in the hub as shown. The pitch of 
the mating threads of the fixed screw and the 
screw shaft is slightly different from the pitch 
of the mating threads of the screw shaft and the 
wedge, preferably being of somewhat lesser pitch. 
The two screw-threaded pairs thus constitute a 
differential screw movement whereby the travel 
of the wedge per turn of the screw shaft can be 
made quite small, while at the same time the 
threads on the threaded parts can be made rela 
tively large and strong. For example, assum 
ing the internal and external threads of screw 
shaft 25 to have pitches of 6 and 5 threads per 
inch, respectively, the differential pitch would be 

6X5 
6-5T 30 

per inch. Assuming further that when the 
wedge travels 2 inches the blades will be turned 
through an angle of 45°, the overall speed-reduc 
tion ratio of the blade turning movement would 
be 

30x2x360 or = 480 
The torque multiplying ratio would of course be 
equal to the speed reduction ratio times the me 
chanical efficiency, or say 480X.50=240. Be 
cause of this large torque-multiplying ratio, other 
forms of torque-multiplying devices are elimi 
nated and the pitch actuating mechanism simpli 
fied in the present invention. 
Another important advantage gained from the 

construction described is that the axial thrust of 
the screw shaft is supported by the fixed axial 
screw, hence no separate thrust bearing is re 
quired for the screw shaft. Moreover, all the 
major working forces are confined to the hub, 
relieving the working and structural parts out 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

6 
side the hub of the support of such forces, thus 
permitting lighter parts to be employed. 
The novel mechanical movement described 

applies a torque couple to turn each blade axially, 
thereby eliminating the radial load component 
which would be produced by the turning effort 
if only a single crank pin Were used. Further, 
Since the turning effort is exerted on two crank 
pins instead of one, the crank pins can be made 
proportionally smaller, yet provide adequate 
Strength. The movement also provides a large 
mechanical advantage in turning the blades, ac 
Cording to the well-known inclined plane prin 
ciple thereby reducing the Working force neces 
sary to slide the Wedge against the load reac 
tion. As a direct consequence the screw shaft 
or its equivalent can be relatively much smaller 
than would otherwise be necessary. Further 
more, the movement provides a rigid mechanical 
connection to the blades which can be fitted in 
practice with virtually no back-lash, thus avoid 
ing the possibility of shake and consequent blade 
vibrations. Since the axial thrust component 
On the screw shaft due to the reaction of the 
Wedge is Supported inside the hub by reason of 
its threaded connection to the fixed screw, the 
portion of the screw shaft outside the hub trans 
mits torque only and is therefore kinematically 
a torque shaft. Moreover, the wedge is slidingly 
Supported so that it cannot turn in the bore, 
hence no separate Wedge guide means are neces 
Sary. 

It is thus thought evident that the novel blade 
turning mechanism of the invention provides out 
standing advantages in combination with other 
features of the construction by combining sever 
all essential functions in a few parts of simple 
construction, and also in enabling other func 
tional parts of the mechanism to be made lighter 
in construction than would otherwise be possible. 

The power unit 
Referring now to Fig. 4 which shows the novel 

power unit of the invention, this unitary assembly 
of mechanism serves as a combination speed 
reduction gear between the engine and the pro 
peller shaft, and as a power take-off for driving 
the pitch changing mechanism. 
The main structural element of the power unit 

is the main housing 50 in the form of a hollow 
casting Open at one end and adapted to be bolted 
to the engine, usually at the fly-wheel end, ac 
cording to well-known practice. This housing 
serves to mount and house all the mechanism of 
the power unit. The main drive shaft 40 is pref 
erably provided with a demountable disc flange 
4, as shown, adapted to be secured demountably 
by Screws to the engine fly-wheel, not shown. Al 
ternatively, the main shaft can be coupled to 
the projecting end of the engine crank-shaft by 
a Suitable coupling in cases where the engine is 
Suitably designed. The main housing is formed 
With a vertical blackwall, and a hollow overhang 
to which an end plate 5 is tightly but demount 
ably secured by screws, as indicated. Anti-fric 
tion bearings are mounted in the housing wall 
and end plate for purposes of providing a “strad 
dle mounting' for the reduction shafts and gears, 
in Well-known manner. The reduction gearing 
consists of a drive pinion 42 mounted non-ro 
tatably on the main shaft, and a driven bull 
gear 33 fast on the reduction output shaft 32, 
these gears preferably having helical teeth. The 
pinion is preferably provided with a splined bore 
nating with a splined outboard portion of the 
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main drive shaft and is secured to the inner race. 
of a double-row ball bearing 52, mounted in the 
housing wall, as shown. The outboard end of 
the main drive shaft is supported by a roller 
bearing 53 mounted in the end plate. 
The bull-gear 33 is provided with a Splined bore 

mating with the splined portion of the hollow 
output shaft 32, which latter is provided with an 
integral coupling flange and is straddle-mounted 
by means of a double-row ball bearing 54 mount 
ed in the end plate, and a roller bearing 55 
mounted in the wall of the main housing. The 
propeller shaft 30 is coupled to the output shaft 
32 by means of a conventional demountable cou 
pling 3. 
Throughout the construction, the outer bear 

ing race is preferably held in its mounting by 
an internal retainer ring, while the inner race 
when used is held in place on its shaft by an 
external retainer ring, thereby to facilitate quick 
assembly and disassembly. . . 

It is to be understood that for the purposes of 
the invention, the details of the design and con 
struction of the main housing shafts, reduction 
gears, and their mountings can be varied ac 
cording to circumstances, provided good en 
gineering practices are maintained, the construc 
tion shown and described being merely by way. 
of example. The construction shown however, 
is thought to be characterized by simplicity and 
ease of manufacture and assembly, and is con 
sidered preferable to other alternative construc 
tions on that account. 

Pitch actuating mechanism. 
The mechanism now to be described relates 

particularly to the pitch changing function and 
comprises in the main a floating gear 43 mount 
ed loose on the main drive shaft, a duplex or 
double-acting clutch assembly DC mounted. 
partly on the floating gear and partly on the 
main drive shaft, a gear 26 termed the ScreW 
shaft gear mounted loose on the output shaft 
32 and having a splined bore in which the in 
board splined portion of screw-shaft. 25 is adapt 
ed to slide, a trunnion pivot assembly 27 loosely 
secured to the inboard end of the Screw-shaft, 
and a floating shift lever 28 operatively connect 
ing the trunnion pivot assembly to the clutch 
assembly. . . . . . . 
A telemotorieceiver unit RU, forming part of 

the remote control system described hereinafter 
and of Well-known commercial type, is prefer 
ably mounted inside the main housing back of 
the main shaft as viewed, and is provided or 
connected with a crank arm 6 which is Oper 
atively connected by a crank pin 6 to the float 
ing shift lever 28. 
Considering now the details of pitch actuating 

mechanism, the floating gear 3 is mounted loose 
on the main drive shaft 40 in meshing relation 
With screw-shaft gear. 26 which is loosely but 
non-slidably mounted on the output shaft 32, 
preferably by means of a ball-bearing yoke 
mounting 34 as shown, 
The duplex clutch assembly DC is of the driv 

ing and braking type, and is arranged. So as to 
provide a normal neutral position, as Shown, in 
which the floating gear 43 is free to turn loosely 
on the main drive shaft 40; also alternative driv 
ing and braking positions, respectively. The 
preferred type of duplex clutch comprises a dou 
ble-acting friction brake and clutch of the Well 
known Weston multiple-disc type, as shown, 
altho, it is to be understood that other types of 
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8, 
double-acting clutches can be used for the pur 
poses of the invention. The two clutch throw 
out collars are rigidly connected by an axially 
slidable yoke assembly 46 which holds these col 
lars at a fixed distance and also prevents them 
from turning. The yoke assembly is slidably 
mounted on two stud pins 56 (one being shown 
in Fig. 5) fixed in the back wall of the housing 
50, and is thus prevented from turning. The 
yoke assembly 46 includes two brackets 47 (one 
of which is shown) upon which are mounted 
fixed trunnions 48 which act as floating pivots 
for floating shift lever 28. The shift lever 28 has 
two lever members (the back One being ShoWn) 
which are connected rigidly by separator Sleeves 
and bolts 29, the two members being assembled 
so as to straddle the main shaft. The shift lever 
is carried at the upper end by the crank pin 6 
of crank arm 60. - - 
When the yoke assembly is shifted by the shift 

lever axially to the right from neutral position, 
the floating gear is driven by the main drive 
shaft; when shifted axially to the left, the float 
ing gear is braked and stopped. 

Operation of pitch changing System. 
The principle of operation of the pitch chang 

ing system is as follows: Let it be assumed by 
Way of example that the reduction gear ratio 
is 2:1 and the ratio of the two pitch-changing 
gears is 1:1. Normally, that is when the pitch is 
not being changed the duplex clutch will be in 
neutral position and the floating gear, being free 
to rotate on the main drive shaft, will be driven 
idly by the screw-shaft gear at the same speed 
as the output shaft. Consequently, the floating 
gear will be driven idly at one-half the speed 
of the drive shaft. Then if the crank arm 60 is 
caused to turn clock-wise, as viewed in Fig. 4, 
the floating shift lever causes the driving Section 
of the clutch (on the left of the floating gear) 

t) 

to become operative and it clutches the drive 
shaft to the floating gear. The speed of the drive 
Shaft. being twice. that of the output shaft, the 
screw-shaft gear will accordingly be rotated at 
twice the speed of the output shaft, thereby 
causing the screw-shaft to rotate in leading re 
lation to the propeller shaft. The differential 
Screw movement in the hub thereupon causes the 
Wedge in the hub to traverse axially, as before 
described, thus producing a change of pitch; 
and at the same time the screw shaft is caused 
by the fixed differential screw f to travel out 
Wards, or to the left as viewed. This axial travel 
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of the Screw-shaft turns the floating shift lever 
in the same angular direction as the crank arm, 
and thus tends to relieve the clutch pressure. 
Accordingly, if the turning effort of the crank 
arm is not maintained, the clutch will be released 
and the pitch-change thereupon terminated. 
In this connection, it should be noted that the 

fly-wheel effect of the pitch changing gears and 
connected parts will tend to cause a slight over 
run of the pitch-changing action, thus freeing 
the clutch of pressure after it has been actuated 
by the crank arm. In the event the fly-wheel 
effect of the gears is insufficient to relieve the 
clutch pressure, Sufficient fly-wheel mass must 
be added to the gears or connected parts to pro 
duce this result. 
Angular movement of the crank arm in the 

Opposite (counterclockwise) direction initiates a 
pitch-changing-cycle in the opposite direction by 
applying pressure via the floating shift lever and 
yoke assembly to the braking section of the clutch 
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(on the right side of the floating gear), thereby 
braking and stopping the rotation of the latter. 
Slowing down or stopping the floating gear has 
a like effect on the screw-shaft gear, Which lat 
ter thus causes the screw-shaft to rotate in lag 
ging relation to the propeller shaft, thereby en 
ergizing the differential Screw movement in the 
opposite direction. The Wedge in the hub is thus 
caused to traverse axially So as to reverse the 
pitch. The pitch changing cycle is terminated 
by the axial follow-up movement of the screw 
shaft consequent to the change of pitch, in the 
same manner as before. 

Considering now the kinematics of the pitch 
changing mechanism, it is to be noted that to 
produce reversible pitch changing action the 
speed ratios of the reduction gearing and pitch 
changing gearing must be different; the reduc 
tion ratio of the reduction gearing being always 
greater than that of the pitch changing gearing. 
Otherwise stated, the gear ratios must be such 
that the Screw-shaft can be rotated faster than 
the propeller shaft. Further, the operating 
crank arm, screw-shaft, and floating shift lever 
in combination constitute a differential device 
by means of which the relative angular positions 
of the crank arm and the propeller blades are 
automatically compared. These elements in 
combination thus constitute a differential follow 
up movement. 

It follows from the action and principles de 
Scribed above that the degree of pitch change 
will be controlled by the angular position of the 
crank arm when it comes to rest, since the dif 
ferential follow-up movement always immedi 
ately returns the clutch to neutral position after 
it has been actuated and thus terminates the 
pitch changing cycle initiated by the crank arm 
in definite relation to the rest position of the 
Crank arm. 

It is further to be noted that the duplex clutch 
constitutes a torque amplifier device whereby a 
relatively. Small control torque is enabled to con 
trol the application of a larger torque derived 
from the power Source, in this case the prime 
mover. Further, there is a proportionality be 
tween the control torque and applied torque up 
to a certain maximum, since the larger the brak 
ing force, the larger the applied torque. More 
over, there is Some correspondence in the rate 
of application of the two torques, as in all fric 
tion brake Systems. 

Control System. 
Considering now the control system for the 

foregoing mechanism and referring particularly 
to Fig. 5, which illustrates the control System 
of the invention in a Schematic manner, this 
System as a whole constitutes a servo system by 
means of Which the pitch can be caused to foll 
low accurately the angular position of a control 
member, which latter may be remotely located. 
For purposes of local control, that is at the 

power unit, the control System may be considered 
as comprising the crank arm 60, which can be 
manually operated, the floating shift lever 28, 
the duplex clutch DC, and the screw-shaft 25. 
For purposes of remote control the system 

comprises the foregoing; a telemotor receiver 
unit RU at the power unit and operatively con 
nected to crank arm 60, a telemotor transmitter 
unit TU having an operating handle CH shown 
in neutral pitch position, and a connecting link 
CL operatively connecting the telemotor trans 
mitter unit to the telemotor receiver unit. 
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10 
Since various commercial telemotor systems, 

either electrical, mechanical, or hydraulic, can 
be used in carrying out the present invention 
according to its teaching, detailed description of 
any particular telenotor system is deemed un 
necessary. 
The principal features for present purposes 

comprise a control handle CH angularly displace 
able through a limited range and preferably cali 
brated as to angular position as indicated, the 
Controlled crank arm 66, and means connecting 
these members whereby the crank arm is moved 
anguiarly in proportion to the angular displace 
ment of the control handle. Having shown that 
the pitch angle of the blades is directly related 
to the angular position of the crank arm, it foll 
lows that the pitch angle is also directly related 
to the angular position of the control handle. 
Consequently, the angular position of the con 
trol handle indicates directly the pitch of the 
blades, hence there is no need for any other pitch 
indicating system. Moreover, since the range of 
angular movement of the control handle (and 
Crank arm) is definitely limited, by proper selec 
tion of Such range the range of pitch change 
can be limited as desired. Accordingly, there is 
no need for separate pitch limiting means. 

Considering now the remote control system 
shown as a servo control system, its operation 
is as follows: When the control handle CH, which 
constitutes the master or input control member 
of the System is displaced angularly, the crank 
arm 60 is likewise dipslaced angularly by the 
connecting means and moves the floating shift 
lever 28 angularly about the trunnion pivot as 
Sembly 27 as a fulcrum. The duplex clutch as 
Sembly DC is thereby caused to apply driving or 
braking torque, as the case may be, to the screw 
shaft gearing and Screw-shaft 25, thereby caus 
ing the latter to drive the blade turning mech 
anism in the hub and to traverse axially, thereby 
moving floating shift lever 28 angularly about 
Crank pin 6 as a fulcrum in the same direction 
as the crank arm, thus tending to move the clutch 
assembly DC to its neutral position. Conse 
quently, when control handle CH is operated to 
continue the pitch change, the mechanism just 
described continues in action to effect a change 
of pitch, the differential follow-up movement 
continually tending to terminate the pitch 
change; but if the control handle is brought to 
rest, the differential follow-up movement there 
upon terminates the pitch change. 
Thus, the pitch of the blades follows the move 

ment of the control handle, within the permitted 
limits, and is finally determined by the rest posi 
tion of the control handle. However, due to the 
Self-locking characteristic of the differential 
Screw mechanism in the hub, the pitch remains 
Set, upon termination of a control cycle, to what 
ever position it has been adjusted. 
The Servo System of the invention is thus of 

intermittent type wherein any pitch change can 
only be initiated by the master control handle 
CH, or by independent movement of crank arm 60 
as an exceptional case. It is to be noted that it 
is unnecessary as a normal condition to latch the 
control handle CH in the rest position, because 
upon return of the duplex clutch DC to neutral 
position, there is no action tending to cause op 
erative movement of the floating lever. 
While I have described my invention in detail 

in its present preferred embodiment, it will be 
obvious to those skilled in the art, after under 
Standing my invention, that various changes and 
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modifications may be made therein without de 
parting from the spirit or scope thereof. The 
appended claims are therefore intended to cover 
all such modifications and changes. 
I claim is my invention: 
1. A controllable pitch marine propeller system 

having, in combination; a tubular propeller 
shaft; a propeller assembly fixed to said propeller 
shaft comprising a hollow hub and radial blades 
mounted rotatably about their axes thereon, and 
a torque multiplying mechanical movement 
mounted within said hub for turning said blades 
axially in unison, including an axially slidable 
prismatic wedge having a pair of oppositely in 
clined conjugate grooves in each face mounted 
coaxially within said hub, two diametral crank 
pins projecting from each of said blades and 
adapted to move as followers in said grooves 
So as to turn said blades axially upon axial trans 
lation of said wedge, and a differential screw 
movement for translating said wedge axially in 
which said wedge constitutes the driven nut ele 
ment; a rotatably and axially translatable torque 
shaft mounted coaxially in said propeller shaft 
and hub and constituting the driving element of 
said Screw movement; a screw member fixed co 
axially to said hub and coacting with the torque 
shaft to effect axial translation of said torque 
shaft upon rotation thereof; and controllable 
power driven mechanism operatively connected 
to said torque shaft for applying torque alterna 
tively in one rotary direction or the other thereto, 
thereby to actuate said mechanical movement so 
as to change the pitch of said blades. 

2. In a variable pitch propeller, the combina 
tion of a tubular propeller shaft, a hollow hub 
fixed to one end thereof, blades journaled in said 
hub so as to be capable of angular adjustment 
each about its own axis, a rotatable and axially 
translatable torque shaft extending coaxially 
through said propeller shaft and into said hub in 
cluding an externally and internally screw 
threaded part on said torque shaft extending into 
Said hub, a nut element mounted on said screw 
threaded part so as to be non-rotatable but 
axially movable therealong by rotation of said 
torque shaft, means operatively connecting said 
nut element to said blades so as to impart equal 
angular movement thereto by axial movement of 
said element along said screw-threaded part, and 
a screw-threaded member fixed coaxially in said 
hub and mated with the internally threaded por 
tion of said screw-threaded part so as to impart 
axial movement to said torque shaft upon rota 
tion thereof, thereby to produce a differential 
axial movement of Said nut-and-wedge element. 

3. In a mechanical operating mechanism for a 
variable pitch propeller having axially rotatable 
blades and including a mechanical movement for 
turning the said blades axially to change their 
pitch, in combination, a torque shaft for driving 
Said movement, and controllable power means for 
applying driving torque to said torque shaft in 
termittently in either direction of rotation in 
cluding a power driven main drive shaft, an out 
put shaft coaxial with the torque shaft said 
shafts normally rotating at the same speed, speed 
reduction gearing connecting said main drive 
shaft in driving relation to said output shaft, 
torque transmission gearing having a ratio dif 
ferent from said speed reduction gearing and 
mounted in part loosely on said main drive shaft and in part non-rotatably on said torque shaft, 
double acting clutch means capable alternatively 
of connecting said torque transmission gearing in 
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12 
driven relation to said main drive shaft or of 
braking said torque transmission gearing, control 
means for actuating Said clutch means Selective 
ly, thereby to initiate rotation of said torque shaft 
relative to said output shaft thus to cause a 
change of pitch of said blades in one direction or 
the other, and a follow-up device actuated by said 
torque shaft for terminating the rotation of said 
shaft under certain conditions. 

4. In a controllable pitch propeller organiza 
tion including a torque multiplying mechanical 
movement for turning the blades thereof axially 
to change their pitch, in combination, a rotary 
operating shaft for driving Said mechanical 
movement, controllable means for applying a 
relative torque to said operating shaft intermit 
tently in either direction of rotation including a 
main drive shaft adapted to be coupled to a non 
reversible source of power, torque transmission - 
gearing operatively associated with said main 
drive shaft and Said operating Shaft, double act 
ing clutch means operatively associated with said 
main drive shaft and said torque transmission 
gearing and capable alternatively of coupling said 
main drive shaft to said transmission gearing or 
of braking the latter, and control means includ 
ing a follow-up device actuated by said operating 
shaft for actuating said double acting clutch 
means selectively and intermittently, thereby to 
cause a limited change of pitch of said blades in 
one direction or the other. 

5. In a mechanical operating mechanism for 
a controllable pitch propeller including a tubu 
lar propeller shaft; means for changing the 
pitch of said propeller intermittently including, 
in combination, a main driving shaft adapted to 
be coupled to the prime mover for said propeller, 
a hollow output shaft coupled to said propeller 
shaft Speed, reduction gearing connecting said 
main drive shaft in driving relation to said out 
put shaft, an axially movable rotary operating 
shaft extending coaxially through said propeller 
and output shafts and operatively connected to 
change the pitch of said propeller, pitch chang 
ing torque transmission gearing operatively 
connected to said operating shaft, double-acting 
clutch means operatively associated with said 
torque transmission gearing and having neutral, 
driving, and braking positions respectively; and 
automatic follow-up control means for said 
clutch means including means for selectively 
moving said double acting clutch means to 
either the driving or braking positions, and a 
differential follow-up device actuated by axial 
movement of said operating shaft for returning 
said clutch means to neutral position subsequent 
to movement thereof to either the driving or 
braking position. 

6. In mechanical operating mechanism for a 
controllable pitch propeller organization includ 
ing a hollow propeller drive shaft, a rotary op 
erating shaft extending coaxially therethrough 
and arranged to produce a change of pitch upon 
rotation relative to said propeller drive shaft 
and an axial movement consequent to such ro 
tation, means for causing intermittent relative 
rotation of said operating shaft including a main 
drive shaft adapted to be coupled to the prime 
mover for said propeller, speed-reduction gear 
ing connecting said main drive shaft in driving 
relation to said propeller drive shaft, torque 
transmission gearing of different ratio than said Speed-reduction gearing operatively associated 
With Said main driving shaft and said operating 
Shaft, a double-acting clutch mechanism having 
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driving, neutral, and braking positions, respec 
tively, operatively associated with Said main 
drive shaft and said transmission gearing, and 
position control servo mechanism including ac 
tuating mechanism for moving said clutch mech 
anism to any of its positions and a differential 
follow-up device actuated by axial movement of 
said operating shaft for returning said clutch 
to neutral position from either the driving or 
braking position. 

7. In an operating mechanism for a COn 
trollable pitch propeller organization including a 
tubular propeller shaft and an operating shaft 
extending coaxially therethrough, a power trans 
mission unit comprising, in combination, a hous 
ing structure; speed reduction gearing operatively 
mounted in said housing structure including a 
main drive shaft adapted to be coupled to the 
prime mover for said propeller, a hollow output 
shaft adapted to be coupled to Said propeller 
shaft, and Speed reduction gears for drivingly 
connecting said main drive shaft to said output 
shaft; and an assembly of controllable Servo 
mechanism for causing a change of pitch also 
operatively mounted in said housing structure 
including a duplex clutch operatively aSSociated 
with said main drive shaft, torque transmission 
gearing operatively associated with said clutch 
and said operating shaft, a master control de 
vice, and follow-up clutch actuating means 
jointly controlled by Said control device and Said 
operating shaft said control device being capable 
of initiating a change of pitch and Said operat 
ing shaft being capable of terminating automati 
cally said change of pitch. 

8. In an operating mechanism for a Con 
trollable pitch propeller organization including 
a tubular propeller shaft, a power transmission 
unit comprising, in combination; a housing 
structure adapted to be secured to the prime 
mover for said propeller; Speed reduction gearing 
operatively mounted in said housing structure 
including a main drive shaft adapted to be coul 
pled to the drive shaft of said prime mover, a 
hollow output shaft adapted to be coupled to Said 
propeller shaft, and Speed reduction gears con 
necting said main drive shaft in driving relation 
to said output shaft; an operating shaft mounted 
coaxially in said output shaft for rotation and 
axial movement therein and operatively con 
nected to produce a change of pitch by rotation 
relative to said output shaft and axial move 
ment consequent to such change of pitch; and 
an assembly of controllable servo mechanism for 
deriving power from said main drive shaft to 
cause intermittent reversible rotation of said op 
erating shaft relative to said output shaft in 
cluding double-acting clutch follow-up means, a 
control device, and differential means for actu 
atting said clutch means jointly controlled by 
said control device and said operating shaft 
whereby a determinable limited change of pitch 
can be initiated by said control device and Such 
change of pitch will be terminated by consequent 
follow-up axial movement of said operating 
shaft. 

9. A controllable reversible pitch propeller SyS 
ten including a power driven shaft, a hollow 
output shaft, gearing connecting said power 
driven shaft in driving relation to said output 
shaft, a rotary operating shaft for effecting a 
pitch change extending coaxially through and 
beyond said output shaft, torque transmission 
gearing operatively associated with Said power 
driven shaft and said operating shaft, double 
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said main drive shaft and said torque transmis 
sion gearing, and remote control means for ac 
tuating said clutch means intermittently includ 
ing a telemotor system comprising a transmit 
ter unit having a control handle calibrated With 
respect to angular position, a telemotor receiver 
unit having an output arm arranged for limited 
angular displacement, and link means connect 
ing said handle and said output arm whereby 
said output arm is caused to be displaced angul 
larly in direct relation to the angular displace 
ment of said handle, and automatic differential 
follow-up means jointly actuated by said oper 
ating shaft and said output arm for initiating 
and terminating a pitch changing cycle. 

10. In a controllable pitch propeller Systein 
having variable pitch blades, a position control 
servo system for varying, indicating, and limiting 
the pitch of said blades including, a master con 
trol member displaceable through a limited range 
of movement and calibrated with respect to posi 
tion, a displaceable controlled member, means 
operatively connecting said master control mem 
ber to said controlled member so that Said con 
trolled member follows the movement of said 
master control member, rotary power means 
capable of providing torque for changing the 
pitch of said blades, pitch changing mechanism 
operatively connected to said blades including a 
rotatable torque shaft movable axially in direct 
relation to the pitch of said blades, and torque 
amplifier means including a differential follow 
up device jointly actuated by said controlled 
member and Said torque shaft for connecting 
said rotary power means in intermittent driving 
relation to said pitch changing mechanism So as 
to effect a controlled pitch changing cycle, there 
by to Vary the pitch of the blades in determin 
able relation to the position of Said master con 
trol member. 

11. In a controllable reversible pitch propeller 
System including a hollow hub carrying adjust 
able pitch blades, constituting a servo system of 
the position-control type and comprising: a posi 
tion-control device for controlling and indicat 
ing the pitch of said blades; a controlled device 
comprising a torque-multiplying mechanical 
movement Within said hub for turning said 
blades to adjust their pitch, torque amplifier 
mechanism including a drive shaft, a duplex 
clutch, torque transmission gearing, said me 
chanical movement, and a torque shaft opera 
tively connecting said gearing to said mechanical 
movement; a differential follow-up device for 
Comparing the positions of Said position-con 
trol device and said blades including a differen 
tial screw, said torque shaft, and a differential 
lever for actuating said duplex-clutch; and a 
blade Stabilizing device including the mechan 
ical movement within said hub; whereby the 
pitch of said blades is caused to correspond to 
the position of said position-control device. 

12. A variable pitch propeller assembly com 
prising a hollow hub provided with an axial bore 
and radial sockets; blades having journals axial 
ly turnable in said sockets and provided with 
a pair of diametral crank pins projecting from 
the inner end of each journal, a translatable 
blade turning element of prismatic form axially 
slidable in said bore and having equilateral faces 
each provided with a pair of oppositely inclined 
conjugate grooves engaging operatively with a 
pair of Said crank pins so as to apply equal 
turning movements thereto, said element also 

  



2,620,040 
- 15 

having an axially disposed screw threaded open 
ing therethrough; an axially disposed screw 
member fixed within said hub; and an axially 
translatable driving shaft having external 
threads meshing with said element and inter 
nal threads meshing with said screw member, 
said threads being of the same hand but of 
slightly different pitches, whereby upon rota 
tion of said shaft it translates itself in one axial 
direction along said screw member and simul 
taneously translates the said element differen 
tially in the other direction, thus turning the 
blades axially in unison. - - - - - - . . . . . . . . . 

HARRY J. NICHOLS. 
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