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My invention relates to the blade pitch ad 
justment of propellers, helicopter rotors, and 
other high speed rotary elements having blades 
adjustable on axes substantially perpendicular 
to the axis of rotation. 
Such blades are pulled outwardly by very larg 

centrifugal inertia loads, which also tend to turn 
the blades about their centers of adjustment. 
The result is that the pitch adjustment mecha 

2 
varies with the turning position. It is a 
motion of varying lead. 
The number of rollers which can be provided 

on a complete circumference depends on the ad 
justment angle for which the mechanism is de 
signed. In some cases of airplane propellers 
the blade adjustment may be as large as 120°. 
This would limit the number of the above-said 
rollers to only two. Three rollers could give an 

helical 

O nism is heavily loaded and that a substantial adjustment through about 110, depending some 
amount of energy is required for the blade pitch 
adjustment. Also a heavy and expensive design 
of said mechanism is necessary. 
The purpose of the present invention is to avoid 

what On the size of the rolers. 
An important object of the present invention 

is to devise a solution which permits to increase 
5. the number of rollers. 

the heavy torque loads of the present pitch ad 
justment mechanism of conventional design, so 
that alighter and less expensive mechanism may 
be used, which furthermore reacts faster to re 

20 - quired changes of blade pitch. This is accom 
plished by modifying the blade adjustment SO 
that a blade not only turns about its adjustment. 
center, but also moves slightly along said center. 
The natural tendency of a blade is to turn to- . 
wards low pitch position, and to move outwardly, 
away from the axis of rotation, that is from the 
propeller axis. With the proposed arrangement 
a blade is forced inwardly, towards the center of 
rotation, when it turns toward low pitch posi 
tion. Thus the tendency of the blade to turn 
toward low pitch position is counteracted by the 
centrifugal outward pull. A complete balance can 
be effected, or if desired the tendency of a blade 
to turn towards low pitch position may be under 
balanced or over-balanced. In the latter case the 
blades may have a slight tendency to move to 
wards high pitch position. 
The displacement required lengthwise of the 

blade centers is found to be quite small. 
In one embodiment rollers are journalled on 

the shank of a blade, and engage ways Operatively 
forming part of the central hub. These ways are 
formed to enforce a predetermined motion about 
and along the blade center. The blade torque 
caused by centrifugal inertia loads varies with 
the turning position of the blade. Complete or 
approximate balance at all positions is obtained 
by correspondingly varying the proportion of the 
blade motion lengthwise of its adjustment center 
to its turning motion about said center. In other 
words the adjustment motion of the blade is a 
helical motion at any one instant, whose lead 

25 
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Other objects are to simplify the design of 
the guide mechanism for enforcing helical mo 
tion of varying lead, and to increase its capacity; 
and further to provide anti-friction means for 
enforcing motion about and along an axis with 
pure rolling contact. 
In the preferred embodiments of my invention 

rolling elements are used somewhat like rollers 
of anti-friction bearings. They have a bodily 
motion different from the motion of either one 
of the two members whose relative motion is to 
be enforced thereby. Positive means are used for 
timing the position of the rolling elements to the 
relative position of said two members. These 

so meansnay consist of a cage member for holding 
the rolling elements and of gears for driving the 
cage member in time with said relative motion. 
With the proposed design the forces on the 

rollers are balanced, and the positively driven 
cage member merely safeguards the predeter 
mined relative positions which would also be ar 
rived at by the rolling contact. 
The invention will be particularly described 

as applied to airplane propellers, but is also appli 
40 cable to high speed ship propellers with adjust 

able blades, to helicopter rotors, and other rotors. 
In a well known type of helicopter rotor the 

blades may go through a cycle of adjustment with 
each turn of the rotor. In such a case it is espe 
cially important to have the blade torque bal 
anced. - 
In the drawings: - 
Fig. 1 is a diagram explanatory of the principles 

50 underlying the present invention. 
Figures 2a to 2f inclusive are sections along 

lines 2-2 of Fig. 3, showing various pitch settings 
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of a blade, that is various turning angles, corre 
sponding to the diagram of Fig. 1. 

Fig. 3 is a partial and diagrammatic view of a 
four-bladed propeller, taken lengthwise of the 
propeller axis. 

Fig. 4 is a side view corresponding to Fig. 3, and 
showing the blade adjustment about and along 
a substantially radial center. 

Fig. 5 is a diagrammatic view illustrative of one 
embodiment of the present invention. 

Figures 6 to 8 are diagrams explanatory of the 
principles, which underlie the preferred embodi 
nents of my invention. 

Fig. 9 is a development to a plane of the cir 
cumference of two circular members having mull 
tiple ways, with rolling elements therebetween, 
such as may be used in a preferred embodiment. 

Fig. 10 is a partial development similar to Fig. 9, 
but intended for a smaller range of pitch adjust 
ment. 

O 

5 

20 
Figures 11 and 12 are partial developments 

showing two different positions of a further em 
bodiment. 

Fig. 13 is a partial conical development fur 
ther explanatory of embodiments in which op 
posite ways are disposed at an external and in 
ternal taper respectively. 

Fig. 14 is a view explanatory of a detail. 
Fig. 15 is partly a section laid through the pro 

peller axis and the blade adjustment center, and 
partly a view perpendicular thereto, of one of the 
preferred embodiments. 

Fig. 16 is a diagram explanatory of a detail. 
Fig. 17 is a sectional view similar to Fig. 15, 

illustrative of another preferred embodiment. 
Fig. 18 is a partial Section laid through the 

blade adjustment center illustrative of a further 
modification. 

Fig. 19 illustrates a further preferred embodi 
ment, to be considered especially for large ranges 
of pitch adjustment. It is also a sectional view 
through the propeller axis and blade adjustment 
center. 

Figures 20 to 23 are diagrams explanatory of a 
refinement. 

Fig. 24 is an axial view of a circular member 
having multiple ways formed in accordance with 
said refinement, and of tapered rollers contacting 
with said Ways. 

Fig. 25 is a front elevational view correspond 
ing to Fig. 24 and showing a pair of circular mem 
bers for enforcing relative helical motion of vary 
ing lead, as desired in the embodiments of the 
present invention for balancing the blade torque. 

Fig. 26 is a more or less diagrammatic view 
showing in development the rollers and the 
ways illustrated in Fig. 15 which serve to hold 
the propeller blade and the nut, which is secured 
thereto, in the direction opposite to the direction 
of centrifugal pull. 

Fig. 27 is a fragmentary sectional view taken, 
like Fig. 15, through the propeller axis and fur 

30 

4. 
8 and propeller axis . The adjustment about 
center charges the pitch of the propeller blade. 
According to the present invention this turning 
adjustment is accompanied by a corresponding 
displacement of the blade along said center of 
adjustment so that the centrifugal pull of the 
blade acts to completely or partly balance the 
centrifugal torque, that is the torque caused by 
centrifugal inertia loads. This torque varies with 
different turning positions of the blade. 
Diagram Fig.1 shows the nature of the change. 

The Ordinates of curve T are proportional to the 
torque at a given speed of rotation. These or 
dinates are plotted in terms of the turning angle 
of the blade on its axis of adjustment 15, and par 
ticularly in terms of the turning angle of a mean 
section 2-2 of the blade. 
The cause of the centrifugal torque is known, 

and is further shown in Fig. 2c. All the elements 
of the blade section are subjected to centrifugal 
inertia loads, which are radial to the propeller 
axis f. They are also perpendicular to the axis 

in the projection Fig. 2c. Thus the elements 
at opposite blade ends are under the influence of 
centrifugal inertia loads in the direction of ar 
rows 8, 8', which exert a torque on the blade 
about its adjustment center 5. The same condi 
tion exists to a varying degree for other mass ele 
ments of the blade section, and for other blade 
Sections perpendicular to adjustment center 5. 
This torque tends to turn the blade towards low 
pitch position, that is towards the position shown 

- in Fig. 2b. No torque is exerted on the blade in 
35 
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ther illustrating one way in which the rollers of . 
Fig. 26 may be assembled with the ways of one 
of the nuts which cooperate with these rollers. 

Fig. 28 is a fragmentary view, looking in the 
direction of the propeller axis taken from the 
left-hand side of Fig. 15 or Fig. 27, and illustrat 
ing the engagement of the roller shown with the 
ways of the nuts of a three-blade type propeller 
constructed according to this invention. 

In Figures 1 to 4 numeral denotes the axis 
of a propeller 2 having a hub 3 and blades 4 
mounted for adjustment about and along axes or 
centers 5, which are substantially radial to hub 

65 

70 

75 

this position, nor is there any torque exerted in 
the position shown in Fig. 2.f, which is 90° apart 
from the Zero position Fig. 2b. Maximum torque 
is exerted in an intermediate position, see Fig. 2d. 
A somewhat smaller torque, given by ordinate 
(9-20, is exerted in position Fig.2c. In the posi 
tion Fig. 2a the torque has been reversed. 
The torque varies therefore substantially like 

the ordinates of the trigonometrical sine function 
of an angle double the turning angle of the blade. 
In other words it varies substantially in a har 
monic manner. 
To balance this torque at all positions of the 

turning motion of the blade on its adjustment 
center a motion along said center is provided. 
For complete balance the rate of said endwise 
motion, that is the instantaneous lead of the 
relative motion should be proportional to said torque. 

Let a denote the blade torque in proportion to 
the centrifugal pull, that is the (fractional) num 
ber of inch pounds per pound of centrifugal radial 
load. Complete balance between the centrifugal 
torque and the centrifugal pull of a blade is ob 
tained when for an infinitesimal displacement 
from a given position the energy received from 
One equals the energy consumed by the other. 
Energy received from the torque when the blade 
is turned towards Zero position through say a 
millionth of a full turn equals one millionth of 
(2ata), while the energy consumed by forcing the 
blade inwardly at an instantaneous lead L is one 
millionth of L. The two energies being equal 
means 

The corresponding lead angle A at a mean or 
average radius A from the adjustment center may 
be computed in the conventional manner of com 
puting lead angles as 

L. 
tan A-2A 



. . . . . 5. 
These two equations 

give leads and lead angles varying with the blade 
position. 

It is found that the lead angles required are 
quite small. Thus for a-2;A-3'; tan As-,06667; 

stoosuo 
so that a straight line 
allel to its initial position. Members as, 3B can 
ibe considered as developments to a plane of con 

ply to all positions and 

Curve 2, Fig. 1, shows the endwise displace- . 
ment of a blade in terms of its turning angles, 
computed in known manner from the aforesaid 
instantaneous leads. It is evident to those fa 
miliar with mathematics that curve 2 is also a 
harmonic curve if curve is one. ifiered to retain some nalance between 
the centrifugal torque and the centrifugal pull, 
for instance if it is desired to overbalance the 
said torque so that the blade tends to turn towards 
high pitch position, a constant amount may be 
added to leads given by curve . . The required 
leads then correspond to the Ordinates of curve 

when measured from the extension of dotted 
line 22 rather than from the full line. Curve 2 
is then also modified accordingly as well under 
stood. 

- Fig. 4 shows one blade position in full lines, 
and another blade position . of lower pitch in 
dotted lines. 4'. The lower pitch position is indi 
cated by the reduced width of the blade outline. 
in this view. It is seen that the blade is disposed 
further inwardly in the position of lower pitch, 
by an amount shown exaggerated. . . 
; Fig. 5-illustrates one way of making use of the 
aforesaid-principles. This embodiment can be 
considered as an intermediate step leading to the 

"---preferred-embodiments disclosed hereafter. 
Bladeshank 23 is threaded into a nut 24 and 

locked therein in a predetermined turning posi 
tion by means not shown. - Operatively nut 24 is 
then a part of the blade. It contains a plurality 
of radial pins 25 formed integral with it, on which 
rollers 26 are journalled. For the purposes of 
operation the rollers can be considered as jour 
nailed on the blade. Rollers 26 engage multiple 
ways provided on a circular member 27, which 
also acts as a guide for the motion of nut 24. 
Another circular member, 28, may engage the 
rollers On the opposite side. . It is of less impor 
tance insofar as it carries no load during opera 
tion. Both circular members are rigidly secured 
to hub f3 which rotates on axis fit of the pro 
peller, member 27 by external splines or teeth 
which match internal splines or teeth provided 
on hub 3. 
The blade adjustment may be operated from 

g- any suitable source of power by means of a cen 
tral bevel gear 30 concentric with the propeller 
axis , bevel gears 3 and spur pinions 32. A 
bevel gear 3 and a spur pinion 32 are rigidly 
secured to Or integral with a radial shaft suitably 
mounted parallel to the adjustment center of the 
blade. Spur pinion 32 meshes with internal gear 
teeth provided on nut 24 and is thereby enabled 

of a member remains par 

centric cylindrical sections of a pair of concentric 
circular members to be described hereafter with 
reference to Fig. 15. Ways 37,38 are engaged by 
a rolling element or roller 89. Contact is at dia 
metrically opposite points of the roller, so that 
the two points of contact have a joint normal 4D 

5 

which passes through the roller center. 
Let us start from a position such as shown in 

Fig. 6, which may correspond to the mean oper 
atting position, and a predetermined relative mo 
tion of the two members 85, 36, that is a predeter 
mined relationship between the lateral motion 
and the motion perpendicular to the straight or 
plane ends 42, 43 of the members 35, 36. Inas 

80 

40 

much as said two members are identical, their 
relative motion with respect to roller axis or 
center 44 is equal and one half of the relative 
motion between themselves. The shape of ways 
37, 38 is therefore such as may be swept out by a 
milling cutter or grinding wheel embodying the 
shape of the roller, when its member 35 or 36 
is fed past in the aforesaid motion, that is in a 
relative path in all respects one half of the total 
relative path of said two members. The cutter 
describes the surface of the roller, as it rotates 
rapidly on its axis for cutting, and sweeps out 
the way required for the roller. In operation 
the roller of course turns differently on its cen 
ter, namely, just so much as to roll without slid 
ing on its ways. Thus the various relative posi 
tions are arrived at with pure rolling. 

Fig. 6 and Fig. 7, show two different positions 
of members 35, 36 with respect to a fixed center 
44 of the roller. Fig. 8 shows a fixed member 35, 
as actually used in accordance with my inven 
tion. The position shown in full lines is the 
same as in Fig. 6; and the dotted relative posi 
tion is the same as shown in Fig. 7. Member 36 

45 

50 

has moved to dotted position 36', for the full 
amount of its relative motion with respect to 
member 35. It has moved laterally and also a 
corresponding amount in a direction perpendicu 
lar. In actuality these two directions are about 
and along the adjustment center respectively. 
The roller has moved to dotted position 39', its 
center having moved through half the amount of 
relative motion of members 35, 36. 
This feature that the rollers move only half 

as much as the movable guide member 36 is of 

55 

prime importance, for it results in shorter ways 
as compared with the embodiment of Fig. 5, and 
in more rollers on the circumference. Thus a 
total turning angle of 120° of the blade and of 
member 36 causes the rollers to move through 
only 60 about the blade adjustment center, so 
that as many as five rollers could be used on the 

6) 

to turn the blade on its center of adjustment 
while its straight teeth permitmotion of the blade 
lengthwise of said center. 

circumference. 
Fig. 9 illustrates this condition. It shows a 

trifle more than one full circumference developed 
into a plane. Roller center 44 is actually a repe 

In the further embodiments now to be des 65 
scribed a larger number of rollers or rolling ele 
ments may be used. They are moreover used in 
a novelt. manner, somewhat like rollers of a roller 
bearing, where however the rollers engage formed 
Ways. ... we 

The principles are best explained with the planu 
problem. In Figures 6 to 8 the identical members 
35, 36 contain identical formed ways 37, 38 of 
curved lengthwise profile, and are movable in the 
plane of the drawing in a translatory manner, 

tition of roller center 44, and their distance rep 
resents a full circumference. 

Circular members 45, 46 contain multiple ways 
which are equally spaced and contain curved 
lengthwise profiles 47, representative of the de 
sired helical motion of varying lead. The slope 
of Said profiles is shown about normal, whereas 
in Figures 6 to 8 the slope is shown exaggerated. 

Fig. 10 is a partial development similar to Fig. 
9, but intended for a smaller range of relative 
motion between the two circular members 48, 49; 

5 for a pitch adjustment about half as much, that 
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is about 60°. Accordingly the multiple ways 50 
can be made shorter, and more rollers can be 
used on the circumference, namely about nine. 

Fig. 11 and Fig. 12 illustrate two positions of 
an embodiment in which the number of rollers 
provided on the circumference has been increased 
by using two sets of rollers in series. With this 
arrangement the full load is carried by each of 
said two sets. The relative motion is however 
split up, so that shorter ways are required, and 
more rollers can be used in each set. The pro 
portion is as shown in comparison with Fig. 9, 
based on the same pitch adjustment range of 
about 120°. Here about nine rollers can be pro 
vided on the circumference as compared with five. 
The two sets of rollers engage multiple ways 

provided on circular members 52, 53, 54, com 
prising two end members 52, 54 and an interne 
diate member 53 having multiple ways formed on 
both sides. Member 52 is shown stationary. 
The other end member moves from position 54, 
Fig. 11, to position 54, Fig. 12, for the full amount 
of relative motion. The intermediate member 
moves from position 53, Fig. 11, to position 53', 
Fig. 12. Its motion is one half of the motion of 
end member 54, as will be readily understood 
from the foregoing. The relative motion of the 
roller centers with respect to their ways is a 
quarter of the motion of end member 54. The 
absolute motion of the roller centers, or the 
bodily motion of the rollers, is one quarter of 
the motion of end member 54, for the roller Set 
55, and three quarters of said motion for the 
roller set 56. 
With this embodiment the problem of large 

pitch adjustment ranges can be conveniently 
solved even for very large loads. 

Figures 9 to 12 can also be considered as a cy 
lindrical Section concentric with the adjustment 
center and developed into a plane. 

Fig. 13 is a conical development of circular 
guide members of the type shown in the embodi 
ment of Fig. 17. It can also be considered as a 
developed conical section concentric with the 
blade adjustment and perpendicular to the roller 
axes, like section A-A of Fig. 17. 
In this case the relative notion between the 

roller centers and the circular members 58, 59 
about and along the adjustment center is not 
exactly equal. In other words the rollers do not 
move bodily at exactly half the speed of member 
59, when member 58 is stationary, as is readily 
understood. 
When the roller centers are first assumed fixed, 

as in Fig. 6 and Fig. 7, member 59 turns a little 
faster than member 58, namely at a ratio in 
versely proportional to the distance of the respec 
tive rolling points 60, 6 from the center of de 
velopment. This center is also the center of circle 
62 which passes through the roller centers. Roll 
ing contact is effected when the peripheral no 
tions are the same on both circular members 58, 
59, which means that their turning motions about 
the center of development, or in actuality about 
the adjustment center, are unequal when the 
points of rolling contact are at different distances 
from the center of the turning motion. 
With member 58 of larger radius held station 

ary, the relative motions are still the same as in 
the case when the roller centers are fixed; and 
the rollers then move bodily about said turning 
center at a rate a little less than half the rate 
of motion of member 59, to be determined as 
aforesaid from the rules of planetary motion. 
Aside from this difference, the principles un 

O 
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- . 
derlying the tapered arrangement, as referred to 
in Fig. 13, are exactly the same as in the arrange 
ments described with reference to Figures 6 to 
12. Designs for large and for small pitch setting 
ranges may be made with the same considera 
tions. Also two sets of rollers may be disposed 
in series or otherwise if desired. 

Preferably the rollers are held in position by 
a cage member, which is omitted in the diagrams 
Figures 6 to 13, and which may rotatably hold the 
rollers for instance by means of pins passing 
through the centers of the rollers. In the pro 
posed application the rollers are highly stressed 
and subjected to elastic defection. Fig. 14 illus 
trates a special pin shape which may be used to 
avoid any substantial backlash between the pin 
and roller. Without load the roller is of circular 
shape, as shown in full lines. Heavy loads deflect 
the roller to an oval shape as shown exaggerated 
by dotted lines 63. The shown shape of pin 64 
contacts with both shapes practically without 
backlash, with its four well rounded corners. Fig. 
15 illustrates One of the preferred embodiments 
of my invention. Blade 65 has a threaded end 
66, which fits into a nut 67. It is secured to said 
nut in a predetermined position, which can be 
controlled by a pair of face clutches. A partial 
development of these clutches is shown in Fig. 16 
at a larger Scale. One clutch comprises teeth 68 
provided at the outer end of nut 5, and mating 
teeth 69 provided on an intermediate sleeve men 
ber 70. The other clutch comprises teeth 7 
formed on the Opposite side of sleeve member 70, 
and nating teeth 72 provided on another sleeve 
member 3. The latter also contains internal 
Splines, which match short external spines 74 
provided On the blade. The two citches have 
large and different numbers of teeth. For in 
stance their tooth numbers may differ by one 
tooth, and are used in known in anner in combi 
nation to exactly obtain a predetermined blade 
position. 
After the blade has been threaded into nut 67, 

it is locked in its predetermined position by slid 
ing sleeve 3 along spines 4 to effect engage 
ment of both clutches at the proper position of 
sleeve member 70. The clutches are maintained 

50 
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in engagement by a nut 75, which engages a fine 
thread provided on the Outside of spines 4. 

Nut 67 contains multiple ways 6 disposed on a 
flange-like projection . Said ways are engaged 
by rollers 8, which also engage ways 9 of a cir 
cular member 80 which is spined at 8 to the 
propeller hub 82. Hub 82 rotates on the propeller 
axis 83. 
Circular member 80 is further secured to hub 

82 with light bolts omitted in the drawing, and 
Operatively forms part of the aub. This member 
and nut 6 represent the circular members previ 
ously referred to, which contaia multiple ways of 
curved profie in a cylindrical section concentric 
with the center of adjustment, and also in a view 
perpendicular to said center. Such a view is 
indicated in dotted lines 76.79. The two circu 
lar members and rollers act as guides for en 
forcing a predetermined helical motion of vary 
ing lead. 

In operation the centrifugal put of blade 65 
keeps the rollers under pressure, which then to 
gether with said members control the position of 
the blade. Nut 67 and blade 65 are held also in 
opposite direction, namely by a pair of conical 
rollers or abutments 85, 8 concentric with the 
propeller axis 3. - 
. On account of said concentricity the same 
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rollers act on all the blades of the propeller. 
Rollers 85, 86 engage formed ways 87, 88 pro 
vided on nut 67, whose shape is such as to pro 
duce the same helical motion of varying lead as 
circular members 80, 67 and rollers 78. Rollers 
85, 86 are self centering and can be journalled 
on each other, especially in axial direction. If 
embodied as abutments they may be simply 
bolted together. These rollers can be used for 
preloading, if desired. Otherwise they carry very 
little load, and none during flight. 

Figs, 26 to 28 inclusive illustrate in detail the 
engagement of rollers 85 and 86 with the ways 8. 
and 88, respectively, with which the rollers co 
operate. Since the ways 8 and 88 are shaped 
to produce the same helical motion of varying 

, lead as the ways 76 and 79 of nut 87 and member 
80, respectively, the lead of the ways 87 and 88 
is identical with the total lead of the ways 76 
and 79, and this lead has, therefore, a substan 
tially harmonic relationship with twice the turns 
ing angle of a blade. In other words, the shape 
repeats for each 180 degrees, and, inasmuch as 
the rollers 85 and 86 are 180 degrees apart, the 
two ways 87 and 88 are identical with each other 
and can be made to join each other smoothly, 
without break, as shown. 

Inasmuch, moreover, as the separate blades of 
radial type propellers such as shown in the draw 
ings all have their axes 5 disposed radially of 
their propeller axis 83, the rollers 85 and 86 will 
contact all of the ways 87 and 88 of the several 
nuts 67 which are secured to the several blades 
f4 of the propeller. This is illustrated in Fig. 28 
where a three-blade type propeller is shown. 

. Here the roller 85 makes contact at three points 
With the three identical ways 8 of the three iden 
tical nuts 67 which are connected, respectively, 
with the three identical blades 4 of the pro 
peller. Similarly, the roller 86 will make simula 
taneous contact with the three ways 88 of these 
three nuts. On account of their three-point cone 
tact, the three rollers 85 and 86 are self-centering 
and can be journaled on each other. 

Fig. 27 shows one Way of mounting the rollers 
85 and 86. Here roller 36 is integral with a sleeve 
89 which telescopes rotatably into the hub por 
tion. 6 of roller 85. A nut. 5 which threadis 
onto sleeve 89 serves to hold the rollers in assemi 
bled position after they have been engaged with 
the Ways 8 and 88, respectively. 

In Fig. 15 and Fig. 17 tapered rollers 8 are 
shown, namely conical rollers having straight 
profiles in their axial section. Tapered rollers 
are subjected to endwise thrust. To balance said 
thrust a flange 90 is provided on the roller, which 
contacts with its conical side 9 with a projec 
tion or side wall provided at the ways of the cir 
cular members 80, 67. 
To change the pitch of blade 65 nut 6 is turned 

by means of a spur pinion 9, which engages 
teeth provided on the projection 77 of nut 6. 
Ordinarily straight teeth are used, and broadly 

O 
roller centers. The ratio of the two spur gear rea 
ductions is one to two in the embodiment shown 
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in Fig. 15, so that the cage member turns half 
as much about the center of adjustment as nut 
67 does. 
When the member comprising spur pinions 9, 

94 and bevel gear 93 is turned on its axis, blade 
65 as well as cage member 95 are turned on the 
adjustment center of the blade, and are also 
moved lengthwise of said center through the 
guide means described. Their spur teeth thereby 
slide endwise on the teeth of said spur pinions, . 
which are mounted in an axially fixed position. 
The teeth have to be made long enough so that 
a sufficient engagement is retained in all posi 
tions, y 

If desired a pivotal connection between blade 
55 and nut 67 may be substituted for the rigid 
connection shown. That is the blade may be 
hinged to the nut. Such connection does however 
not form part of the present invention. . 

Fig. 7 shows a further preferred embodiment 
of my invention. This embodiment differs from 
the one shown in Fig. 15 by the tapered arrange 
ment of the rollers 8. 

Blade 65 is secured to nut 9 in the man 
ner above described. Nut 97 contains multiple 
Ways 96 of curved profile arranged at an ex 
ternal taper on projection 96. These ways are 
engaged by rollers 8, which on their opposite side 
engage ways 98 disposed at an internal taper on 
a circular member 99. This member is rigidly 
Secured to hub which is rotated about the 
propeller axis 83 to effect propulsion. 

Rollers 8 are held in position by a cage mem 
ber of, whose turning motion about the adjust 
ment center is timed with the turning motion of 
nut 97 by spur pinions 2, 63 turning in unison 
about their joint shaft 3, The ratio of the 
turning motion of cage member of and nut 97 is 
here not exactly one to two. It may be deter 
mined in the manner previously described. 
Blade pitch adjustment is effected by means of 

a spur pinion A85 which meshes with internal 
spur teeth provided at the lower end of nut 97. 
Said pinion is driven by means of a bevel gear G6 
coaxial with the propeller axis 83, and a nating 
bevel gear coaxial with said pinion and dis 

... posed to move in unison with it. The member 
50 . 

55 

60 

teeth of constant profile including helical teeth, 
namely teeth whose mesh is unaffected by rela 
tive axial displacement of the mating gear. 
members. 

. Pinion 9 f is driven from any suitable known 
Source through a central bevel gear 92 coaxial 

'... with the propeller axis 83. Bevel gear 92 meshes 
with a bevel gear 93 connected to or integral with 
pinion 9. A further pinion 94 of smaller diam 
eter is also connected to or integral with pinion 
9, and meshes with spur teeth provided on the 

65 
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comprising pinion 05 and bevel gear 6 is jour 
Analled on centers which are axially fixed. This 
drive for operating the blade pitch adjustment, 
or the drive shown in Fig. 15 may be used inter 
changeably. 

Nut 9 may also be driven by linkage or other 
means, especially in the case of moderate pitch 
adjustment, such as for instance on helicopter 
rotors. 

Circular members 96, 99 and rollers 8 hold 
nut 97 and thereby blade 65 against the centrifu 
gal pull. The blade is held in opposite direction 
by conical rollers O coaxial with the propeller 
axis 83 and engaging multiple ways if provided 
on projection 96 of nut 97. The ways it may be 
similar in construction to the ways 87 and 88 of 
Figs. 15 and 26 to 28 inclusive, and the conical 
rollers ff0 engage these ways in a manner simi 
lar to the manner of engagement of the roilers 
85 and 86 with the ways 87 and 88. 
Various types of rolling elements may be used 

between the circular members which guide the 
motion about and along the adjustment center. 

Fig. 18 is a partial section similar to Fig. 17, 
and which shows a cylindrical roller 2 used be 

cage member 95, which moves in unison with the 75 tween aparot ways of circular members ris, f4. 
Tau . 



2,460,559 

Thrust along the roller axis is thereby avoided. 
On the other hand rolling is accompanied by 
some sliding at the ends of the roller. 
In the embodiment illustrated in Fig. 19 a plu 

rality of coaxial cylindrical rollers of reduced 
width are used between the ways of circular men 
bers 22, 23. The coaxial rollers may then turn 
at a different rate on their centers, in accord 
ance with the peripheral velocity of the ways at 
different distances from the adjustment center. 
Thus outside roller f T will turn faster than in 
side roller f'; and the rolling action is thereby 
improved as compared with the solid cylindrical 
roller. 
Other types of rolling elements which may be 

employed are for instance balls and barrel type 
rollers. 

Fig. 19 further illustrates the use of a plurality 
of sets of rolling elements in series, that is one 
after the other. The two sets shown at f 8, 9 
roll on multiple ways provided on three circular 
and concentric members, namely on member 20 
rigidly secured to hub 12, on member 22 se 
cured to the blade, and on intermediate member 
23 having multiple ways 24, 25 formed on both 

sides. Nut member 22 is held further by two 
conical rollers 26 coaxial with the propeller axis 
83 and which engage ways 28 provided on said 
nut member. Rollers 26 are like rollers 5 and 
86, and ways 28 are like ways 8 and 88 of Figs. 
15 and 26 to 28 inclusive. 
Blade pitch adjustment is effected by a spur 

pinion 30, which meshes with gear teeth 13 
provided on the outside of said nut member 22. 
Formed integral with spur pinion 30 is a bevel 
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gear 32, which is driven from a centra bevel 
gear 33. Also formed integral with spur pinion 
30 are spur pinions 34, 35, 36 of gradually 
smaller diameter, which serve for positive tin 
ing of the rollers, and which mesh with spur gear 
teeth provided on cage member 38, on interme 
diate circular member 23, and on cage member 
39. The ratios of the spur gears may be de 
termined in accordance with the principles al 
ready disclosed. Teeth do not have to be pro 
vided all around the circumference on the driven 
members, and for this reason fractional tooth 
numbers per full circumference are acceptable, 
so that any desired ratios may be obtained with 
out difficulty. 
The member comprising said spur pinions and 

bevel gear 32 is mounted in an axially fixed po 
sition in propeller hub 2. 
A refinement will now be described with refer 

ence to Figures 20 to 23, which further improves 
the rolling contact. This refinement applies 
broadly to combined motions about and along 
an axis, that is to helical motions of varying lead 
and even of constant lead. 
Diagram Fig. 20 is a view taken along adjust 

ment center 3 of a cylindrical roller 44 having 
a radial axis or center fis. Fig.20 is a view along 
said axis or center 45. 
The two circular members which have a prede 

termined relative motion about and along center 
43 are indicated only by their points of contact 
l, f with the middle section of roller 4. 
These points are disposed diagonally opposite on 
the roller surface. 

Let us consider the relative motion with respect 
to a stationary roller center f45. 
As the roller turns on its center 45, its points 

move in the plane of Fig. 2 in peripheral direc 
tion, that is their instantaneous velocity at the 
points of contact is in the direction of arrows 7. 
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46, it'. At the same points of contact the in 
stantaneous velocity of said two members is about 
and along center 43, that is along arrows 46', 
i47' respectively. In the view of Fig. 21 these 
arrows seemingly coincide with the arrows. 46, 
46', but Fig. 20 shows their different directions. 
in this figure they appear perpendicular to radii 
43-4S and 3-3. In view of this difference 
of direction true rolling without sliding cannot 
exist in this combination. This is true also for 
other rolling elements, conical rollers, barrel type 
rollers, balls used in a helical motion of varying 
or Constant lead. 

For the shown direction of rotation of the 
roller, namely along arrow f 9, the friction 
caused by sliding tends to pull the rollers in 
Wardly at both points of contact, that is towards 
center 43. When rotating in the opposite di 
rection, the friction tends to pull the rollers OutWardly. 
I aa've found a cure for this condition, and a 

way for obtaining pure rolling at points 46, 47. 
It consists in bodily moving the roller as it ro 
tates on its center, namely in the direction of said 
cerater. When the rollers rotate in the direction 
of arrow 9 and tend to be drawn inwardly, true 
rolling at points 6, 4 can be obtained by bod 
ily moving the rollers inwardly at the rate of 
sidiag when in an axially fixed position. When 
rotating in opposite direction, they are bodily 
moved outwardly. The rate of this bodily motion 
is only small, but nevertheless quite advanta 
geous. It is a fraction only of the peripheral 
relative motion between said circular members 
and point is of the roller center. This fraction 
can be demonstrated to be equal to the trigonom 
etrical tangent of angle p, tan p, where B denotes 
angle 5-43-46 of Fig. 20. 
On account of this bodily motion the rollers 

describe a spiral path relatively to said circular 
members, the radial lead of which changes with 
the relative axial lead of said two members and 
is substantially proportional to said axial lead. 
It is also zero at the positions of zero axial lead. 
At such a position said path appears in periph 
eral direction in a view along center 43. 
The sane considerations apply to other rolling 

elements, such as the tapered roller 5 f shown in 
Figures 22, 23. These figures are similar to Fig 
ures 20 and 21, and the same numerals have been 
used to designate the same quantities. 
Tapered rollers can be made to roll on their 

entire active surface, as in antifriction bearings. 
An axial view of a circular member constructed 

in accordance with the disclosed refinement is 
afforded by Fig. 24, which also shows the tapered 
rollers 54 which engage the multiple ways 56 
of the circular member. Fig. 25 is a correspond 
ing front view of a pair of circular members 57, 
5 and the rollers disposed therebetween. The 

cage member is omitted for simplicity. It is de 
signed here to permit moderate axial motion of 
the rollers. . 
The ways 56 are seen to extend along spirals 

of Small radial lead, see Fig. 24, which varies 
along the Ways, the end surface 60 of each way 
being arranged to extend along a spiral which is 
of slight varying lead about the axis 5 of the 
blade. The required axial movement of the 
rollers is obtained by engagement of the thrust 
flanges 59 of the rollers with the end surfaces 
6 of the ways. 
The described refinement may be applied also 

to tapered arrangements of the rollers, and to the 
embodinaents described with reference to Figures 
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15, 17 to 19. They can be considered also as a 
detail of said preferred embodiments. 
Numerous changes and modifications may be 

made in my invention without departing from its 
spirit, by simply applying current knowledge and 
practice. The appended claims are relied upon 
to cover such changes and modifications. When 
the term “propeller' is used in the claims it is 
intended to cover and include not only the drive 
propellers for airplanes, but helicopter rotors and 
other rotary members having adjustable blades. 

I claim: 
1. Blade pitch adjustment, comprising a rotat 

able hub, a plurality of blades mounted in said 
hub on substantially radial centers for adjust 
ment about and along said centers, the mounting 
means of a blade comprising a pair of circular 
members having multiple ways equally spaced 
about their axes, rolling elements engaging said 
ways, a cage member for holding said rolling 
elements in position, means for turning one of 
said, circular members on its axis, and positive 
means for turning the cage member at a reduced 
rate as compared with said one member. 

2. Blade pitch adjustment, comprising a rotat 
able hub, a plurality of blades mounted in said 
hub on substantially radial centers for adjust 
ment about and along said centers in a helical 
path of varying lead, the mounting means of a 
blade comprising two circular members having 
multiple ways arranged about their axes, rolling 
elements therebetween, means for positively tim 
ing said rolling elements to the relative turning 
position of said two members, said two members 
being secured to said hub and a blade respec 
tively, and means separate from said timing 
means for turning the blade and the circular 
member connected therewith. 

3. Blade pitch adjustment, comprising a rotat 
able hub, a plurality of blades mounted in said 
hub on substantially radial centers for adjust 
ment about and along said centers, the mounting 
means of a blade comprising two circular men 
bers having multiple ways arranged about their 
axes, rolling elements therebetween, one of said 
members being secured to said hub, the other 
member being secured to a blade, gear teeth oper 
atively forming part of said other member, a cage 
member for holding said rolling elements in posi 
tion, gear teeth operatively forming part of said 
cage member, two pinions of different diameters 
jointly rotatable on a common axis and meshing 
with said two sets of gear teeth, and means for 
turning said pinions. 

4. Blade pitch adjustment, comprising a rotat 
able hub, a plurality of blades mounted in said 
hub on substantially radial centers for adjust 
ment about and along said centers, the mounting. 
means of a blade comprising circular members 
having multiple ways arranged about their axes, 
(ne of said members being secured to said hub, 
another of said members being secured to a blade, 
an intermediate member having multiple ways 
formed on both sides, two sets of rolling elements 
disposed between said three members, two cages 
for holding said two sets of rolling elements, gear 
teeth forming operative parts of said two cages 
and of two of said three members, four pinions 
of different diameter jointly rotatable on a con 
mon axis and meshing with said gear teeth, and 
means for turning said pinions. 

5. A propeller, comprising a rotary hub, a plu 
rality of blades, each of which is mounted on 
said hub for adjustment on an axis extending 
outwardly from the hub, and means for adjust 
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14 
ing each blade in a helical path of varying lead 
about its axis comprising a face cam member 
secured to the blade coaxially therewith, a second. 
face cam member secured to said hub, a rolling 
element for engaging said face can members, 
means for turning the blade on its axis, and a 
train of gearing, including a gear which is se 
cured coaxially with and to the blade and a gear 
which is operatively connected to the rolling eles 
ment for revolving the rolling element about the 
axis of the blade simultaneously with the turn 
ing motion of the blade but at a different rate 
from the turning motion of the blade. 

6. A propeller, comprising a rotary hub, a plus 
rality of blades, each of which is mounted on said 
hub for adjustment about and along an axis ex 
tending substantially radially of the hub, and 
means for adjusting each blade about its axis in 
a helical path of varying lead comprising a roller 
and a pair of face cam members, one of said three 
last named parts being secured to the blade and 
another to the hub, said face cam members being 
mounted coaxial of the blade and each having 
convex and concave profile portions in a cylindri 
cal section coaxial of the blade axis, and said 
roller being mounted between said Cam members 
to engage said cam surfaces at diametrically op 
posite points continuously during its roll, means 
for turning the blade. on its axis, and means for 
simultaneously revolving the roller about the axis 
of the blade but at a different rate from the turn 
ing motion of the blade. 

7. A propeller, comprising a rotary hub, a plu 
rality of blades, each of which is mounted on said 
hub for adjustment in a helical path of varying 
lead about and along an axis which projects out 
wardly from the hub, and means for effecting 
the adjustment of each blade comprising a pair 
of face cam members which are mounted coaxial 
of the axis of adjustment of the blade and which 
have cam surfaces of concave and convex profile 
shape in a cylindrical section coaxial of said axis, 
a plurality of rolling elements mounted between 
said cam surfaces, each of which engages said 
cam surfaces continuously at diametrically op 
posite points as it rolls, a cage in which the rolling 
elements are mounted for rotation, means for 
turning the blade on its axis, and means for 
simultaneously revolving said cage about said 
axis but at a different rate from the turning 
motion of the blade. 

8. A propeller, comprising a rotary hub, a plu 
railty of blades, each of which is mounted on said 
hub for adjustment about and along an axis 
which is radial of the hub, means for effecting 
adjustment of each blade in a helical path of 
varying lead comprising a plurality of pairs of 
face cam members which are coaxial of the blade 
axis, One of which is secured to the blade and 
another to the hub and others of which are inter 
mediate said two, the can members of a pair hav 
ing cam surfaces that are of curved profile shape 
in a cylindrical section coaxial of the blade, a set 
of rolling elements for engaging the cam surfaces 
of each pair of cam members, each of the rolling 
elements engaging its pair of can surfaces con 
tinuously at diametrically opposite points as it 
rolls, means for turning the blade on its axis, 
means for simultaneously revolving each set of 
rolling elements about said axis at a different 
rate from each other set and at a different rate 
from the rate of turning of the blade, and means 
for simultaneously turning the intermediate can 
members about Said axis at a different rate from 
the blade and from the sets of rolling elements. 
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9. A propeller, comprising a rotary hub, a plus 
rality of blades mounted on the hub for adjust 
ment about and along an axis extending radially 
of the hub, and means for adjusting each blade 
about its radial axis in a helical path of varying 
lead comprising a pair of can members, one of 
which is secured to the blade and the other to 
the hub, said can members being mounted Coe 
axial of the blade axis and having face can stra 
faces which are of curved profile shape in a cylin 
drical section coaxial of the blade axis, tapered 
rollers mounted between said cam members to 
engage the cam surfaces continuously at dian 
etrically opposite points as they roll, each of the 
tapered rollers having a thrust flange formed on 
it at one end, means on the cam members for 
engaging said thrust flanges to counteract the 
axial thrust of the rollers as they roll on the can 
members, and means for turning the blade on 
its axis. 

10. A propeller, comprising a rotary hub, a plu 
rality of blades mounted on the hub for adjust 
ment about and along an axis projecting out 
wardly from the hub, and means for adjusting 
each blade about its axis in a helical path of 
varying lead comprising a pair of can members 
and a roller, one of said three last named partf 
being secured to the hub and another to the 
blade, said can members being mounted coaxia 
of the blade axis and having face can surface 
which are of curved profile in a cylindrical Sece 
tion coaxial of the blade axis, said roller being 
mounted between said Cam members to engage 
said cam surfaces continuously at diametrically 
opposite points as it rolls when the blade is 
rotated, means for turning the blade on its axis, 
and means for moving the roller bodily along its 
axis as it rolls. 

li. A propeller, comprising a rotary hub, a plu 
rality of blades mounted on the hub for adjust 
ment about and along an axis extending radially 
of the axis of the hub, and means for adjusting 
each blade about its axis in a helical path of 
varying lead comprising a pair of can members, 
one of which is secured to the hub and the other 
to the blade, said cam members being mounted 
coaxial of the blade axis and having face cam 
surfaces which are of curved profile in a cylindri 
cal section coaxial of the blade axis, a roller 
mounted between said can surfaces to engage the 
cam surfaces at diametrically opposite points and 
to roll on said cam surfaces about the blade axis 
when the blade is rotated, means for turning the 
blade on its axis, means for moving the roller 
bodily along its axis as it rotates at a varying 
proportion to the turning motion of the blade, 
and means for revolving the roller about the 
blade axis simultaneously with the turning 
motion of the blade but at a different rate from 
the turning notion of the blade. 

12. A propeller, comprising a rotary hub, a plus 
rality of blades mounted on the hub for adjuste 
ment about and along an axis projecting out 
wardly from the hub, means for adjusting each 
blade about its axis in a helical path of varying 
lead comprising a pair of can Emembers, one of 
which is secured to the hub and the other to the 
blade, said can members being mounted coaxial 
of the blade axis and having face can surfaces 
which are of curved profile shape in a cylindrical 
section coaxial of the blade axis, a plurality of 
rollers mounted with their axes extending radio 
ally of the blade axis to engage the cam surfaces 
at diametrically opposite points and to roll or 
said can surfaces about the blade axis when the 
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blade is rotated, means for turning the blade on 
its axis, and means for moving each roller bodily 
in a spiral path along its axis as it rotates, the 
radial lead of said spiral path varying in pro 
portion to the axial lead of the cam surfaces. 

3. A propeller, comprising a rotary hub, a plu 
rality of blades mounted on the hub for adjust 
ment on axes extending radially of the hub, and 
means for adjusting each of said blades about 
and along its axis comprising a pair of face Cami 
members which are mounted coaxial of the blade 
and one of which is secured to the hub and the 
other of which is secured to the blade, rolling 
elements mounted between said face cam men 
bers to engage the Cam surfaces of Said members 
to take the centrifugal outward pull of the blade, 
and means for turning the blade on its axis, and 
means for holding the second named face can 
members of all blades in engagement with the 
rolling elements that cooperate therewith to hold 
the blade in the directicn opposite to the direc 
tion of centrifugal pull, comprising a cam surface 
which is coaxial of each blade and is operatively 
part of said blade and which corresponds to the 
cam surfaces on the cam members, and a rolling 
element which is mounted coaxially of the hub 
and which has simultaneous engagement with all 
of the last named cam surfaces of the several 
blades. 

14. A propeller, comprising a rotary hub, a plu 
rality of blades, each of which is mounted on the 
hub for adjustment about and along an axis pro 
jecting outwardly from the hub, means for ad 
justing each blade about its axis in a helical path 
of varying lead comprising a pair of face can 
members, one of which is secured to the hub and 
the other to the blade, a plurality of rollers 
mounted between said face can members to roll 
thereon, means for turning the blade on its axis, 
means for simultaneously rolling the rollers about 
said axis at a different rate from the turning 
motion of the blade, said rollers being bored 
axially and pins mounted within the bores of said 
rollers for connecting the rollers to said rolling 
means to effect roll of the rollers on actuation of 
said means. 

15. A propeller, comprising a rotatable hub, a 
plurality of blades mounted in said hub for ad 
justment about and along axes extending sub 
stantially radially of the hub, and means for 
moving each blade about its radial axis in a 
helical path of varying lead, comprising means 
for turning the blade about its radial axis, two 
members mounted coaxial of said axis and having 
multiple ways of equal number arranged about 
said axis, the ways of both members having vary 
ing inclination to a plane perpendicular to said 
axis, and a plurality of rolling elements mounted 
between said members to engage opposed ways 
simultaneously at diametrically opposite points 
and roll thereon, one of said members being Se 
cured to said hub and the other to the blade, and 
a train of gearing for rotating said rolling ele 
ments about said axis in timed relation to the 
turning movement of said blade, said gearing 
comprising a gear, which is secured coaxially with 
and to the blade, and a gear whose axis lies in a 
plane containing the blade axis and which is op 
eratively connected to the rolling elements. 

6. A propeller, comprising a rotatable hub, a 
plurality of blades mounted in said hub on axes, 
which extend substantially radially of the hub, 
for adjustment about and along said axes, and 
means for effecting said adjustment of each blade 
comprising a pair of circular meabers mounted 
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Coaxially of said axis and having multiple ways 
on their opposed faces which are of curved profile 
in a cylindrical section coaxial of said axis and 
of equal number and equally spaced about said 
axis, cylindrical rollers engaging said Ways, a 
pair of ways being engaged by a plurality of con 
centric cylindrical rollers disposed end to end, 
and means for turning the blade about said axis. 

17. A propeller, comprising a rotatable hub, a 
plurality of blades mounted in said hub on axes, 
which extend substantially radially of the hub, 
for adjustment about and along said axes, and 
means for effecting adjustment of eachblade 
comprising a pair of circular members mounted 
coaxial of the blade axis and having multiple 
ways of equal number arranged about said axis, 
a set of rolling elements disposed between said 
members to engage and roll on said ways, each 
of said ways having a varying lead so that when 
the blade is rotated a relative axial displacement 
of said members at a varying rate is produced 
coordinated with their relative turning position 
about the blade axis, the lead of each way having 
a substantially harmonic relationship with twice 
the relative turning angle. 

18. A propeller, comprising a rotatable hub, a 
plurality of blades, each of which is mounted in 
said hub on an axis, which extends substantially 
radially of the hub, for adjustment about and 
along said axis, and means for effecting said ad 
justment comprising two end rings, an inter 
mediate ring interposed between the two end 
rings, said end rings having ways formed on their 
sides which face said intermediate ring being pro 
vided with ways on both sides, one of the end 
rings being Connected with the hub and the other 
with the blade, two sets of rolling elements inter 
posed, respectively, between each end ring and 
the intermediate ring, the opposed ways of the 
rings being arranged in pairs coordinated each 
with a rolling element, said two sets of rolling 
elements being disposed in series to reduce the 
length of said pairs of ways, positive means for 
timing the position of the rolling elements to the 
turning position of said blade, and means for 
turning said blade about said axis, said Ways be 
ing formed with a varying lead. 

19. A propeller, comprising a rotatable hub, a 
plurality of blades mounted in said hub on axes, 
which extend substantially radially of the hub, 
for adjustment about and along said axes, and 
means for effecting the adjustment of each blade 
comprising a pair of members mounted coaxially 
of said axis and having multiple ways arranged 
about said axis, rolling elements disposed between 
said members to engage said ways, each way be 
ing disposed spirally about the axis of its mem 
ber and being inclined to a plane perpendicular 
to said axis to guide its rolling element along a 
path extending radially as well as peripherally 
and axially of said member, and means for turn 
ing said blades. 

20. Guide means, for enforcing motion about 
and along an axis at a predetermined relation 
ship, comprising a pair of concentric members, a 
way provided on each of said members, a rolling 
element disposed between said ways and engaging 
said ways to transmit load, each way being dis 
posed spirally about the axis of its member and 
being inclined to a plane perpendicular to the 
axis of said member to guide said rolling element 
under full load along a path extending radially 
as well as peripherally and axially of said mem 
ber, to obtain improved rolling action. 

21. A propeller, comprising a rotatable hub, a 
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plurality of blades mounted in said hub on axes, 
which extend substantially radially of the axis 
of the hub, for adjustment about and along said 
axes, and means for effecting adjustment of each 
blade about its radial axis comprising two mem 
bers which are coaxial of said axis and which are 
Operatively part of said hub and of said blade 
respectively, ways provided on the opposed faces 
of said members, rolling elements disposed be 
tween said ways and engaging said ways to take 
the centrifugal outward pull of said blade, and 
different means for holding said blade in the 
opposite direction, comprising a Cam surface op 
eratively part of said blade and a further mem 
ber which is provided with a surface of revolu 
tion that is Concentric with the axis of rotation 
of Said hub and that engages said cam surface. 

22. A propeller, comprising a rotatable hub, a 
plurality of blades, each of which is mounted in 
said hub on an axis, which extends substantially 
radially of the hub, for adjustment about and 
along Said axis, and means for effecting said ad 
justment of each blade in a helical path of vary 
ing lead comprising means for turning said blade 
about its axis, two members operatively part of 

, said hub and of said blade respectively, and which 
are coaxial of said axis, said members being pro 
vided with ways on their opposed faces which 
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are of curved profile in a cylindrical section co 
axial of the blade, an equal number of ways being 
provided on both said members, rolling elements 
disposed between the ways of said members and 
each engaging said ways simultaneously and con 
tinuously at diametrically opposite points during 

' its rolling movement, and positive means for tim 
ing the position of the rolling, elements to the 
relative turning position of said two members. 

23. A propeller, comprising a rotatable hub, a 
plurality of blades, each of which is mounted in 
said hub on an axis, which extends substantially 
radially of the hub, for adjustment about and 
along said axis, and means for effecting adjust 
ment of each blade in a helical path of varying 
lead comprising means for turning said blade 
about said axis, two members mounted coaxial 
of said axis and which are operatively part of 
Said hub and of said blade respectively, and 
which have ways formed on their opposed faces 
which are equal in number and arranged in 
pairs, rolling elements disposed between the ways 
of said members and each engaging a pair of op 
posed Ways simultaneously and continuously at 
diametrically opposite points during its rolling 
movement, said ways having varying inclinations 
to a plane perpendicular to said axis but the two 
opposed ways of a pair having portions of identi 
cal inclination and of identical length and posi 
tive means for timing the position of the rolling 
elements to the relative turning position of said 
two members. 

24. A propeller, comprising a rotatable hub, a 
plurality of blades, each of which is mounted in 
said hub on an axis, which extends substantially 
radially of the hub, for adjustment about and 
along said axis, and means for effecting adjust 
ment of each blade in a helical path of varying 
lead comprising means for turning the blade about 
its axis, tWO membel's mounted coaxial of said axis 
and operatively part of said hub and of said blade 
respectively, and which have ways formed on 
their opposed faces, an equal number of ways be 
ing provided on both said members, rolling ele 
ments disposed between the ways of said members 
and each engaging said ways simultaneously and 
continuously at diametrically opposite points dur 
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ing its rolling movement, the two ways simul 
taneously engaged by a rolling element having 
identical working portions, that have varying 
radial and axial leads, said leads being in a sub 
st&ntially constant proportion, and positive 
aneans for timing the position of the rolling ele 
ments to the relative turning position of said two 
members. 
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