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15 Clairms. 
1. 

The present invention relates to sustaining ro 
tors for aircraft, and particularly to rotors of 
the articuliated type, that is to rotors i compris 
ing blades each attached to a central hub by One 
or more hinges including a flapping hinge per 
mitting of vertical angular displacement of the 
blade relative to the hub. - 

In Such a rotor each blade is, at each instant, 
angularly positioned about its flapping hinge in 
accordance With the resultant of all forces act 
ing on the blade at the instant, including the 
effect of the momentum and inertia of the blade 
itself. It is the usual practice in such rotors, par 
ticularly in helicopters, to provide some means 
for effecting cyclic control of pitch so that the 
blades may be caused to follow some non-Sym 
metrical path or to offset the non-symmetrical 
effect on the blades of forward flight or other 
translational movements of the craft. 

Unless each blade is an exact duplicate of each 
other blade both mechanically and in aerody 
namic shape it will tend to seek a different an 
gular position and to track higher or lower under 
at least seme conditions of flight. For instance, 
if one blade has a slight twist tending to give it 
a slightly higher pitch setting near the tip than 
that of the other blades it will tend to track 
higher than the other blades. It is customary 
to provide some means whereby the pitch setting 
may be decreased on a blade Which is thus found 
to be tracking too high, but since such means 
normally serves to reduce pitch over the entire 
blade the best that it can do is to permit of set 
ting the blade so that the pitch over the inner 
portion of the blade (that is the portion closer 
to the hub) will be enough less than that of the 
other blades to counterbalance under certain 
Operating conditions the remaining excess of 
pitch Setting in the outer portion of the blade. 
In this manner the blade may be made to track 
properly on the test stand where the adjustments 
are made, but under certain flight conditions 
wherein the proportion of the blade lift contrib 
luted by the outer portion of the blade differs 
considerably from that pertaining under the test 
conditions the blade Will again fail to track 
properly with the other blades. 
The immense variety in the nature and loca 

tion of the difference in aerodynamic shape that 
may occur between blades, together with the ex- 5 
treme difficulty and costliness of efforts to en 
tirely eliminate such differences, make it essen 
tial that some means be provided for re-tracking 
blades in order to avoid the eccentric mechanical 
and aerodynamic forces set up by discrepancies 
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in blade tracking. Present methods of retrack 
ing blades are however very slow, awkward and 
expensive, and though they are capable of pro 
viding good tracking under certain chosen Sets 
of operating conditions, they will not in general, 
prevent the blades from going out of proper 
tracking and causing vibration under other Sets 
of operating conditions. - 

It is an object of this invention to cause the 
various blades of a rotor to automatically seek 
the same path or track in spite of differences in 
construction and/or aerodynamic shape of the 
respective blades. 
It is a further object to provide Such auto 

matic tracking continuously during flight and in 
spite of changes in the operating conditions, 

It is a further object to equalize the average 
effective flapping positions of all blades at each 
point in the circuit, taking into account displace 
ment due to flexing of the blades as well as those 
due to angular displacement of the blades on 
their flapping hinges. 

It is an object to provide Such retracking in a 
manner that will not affect the average collective 
pitch of all blades. 

It is a further object to control the rate of 
retracking so that on the one hand it will be 
sufficiently great so that tracking errors will be 
minimized substantially as rapidly as they will 
occur, and yet on the other hand retracking will 
not occur so rapidly as to produce adverse effects 
upon the cyclic control of the rotor. 

It is also an object to vary the rate of re 
tracking in accordance with the amount of the 
difference in blade positions, so that large track 
ing errors can be corrected at rates which, if 
brought into play by slight cyclic control displace 
ments of the blades, Would unduly disturb Such 
Slight control displacementS. 

It is a further object to restrict such variation 
in the rate of retracking to substantially the 
maximum range of differences in blade positions 
that may be related to tracking errors, so that 
the rate of retracking Will increase with increase 
in size of the tracking error up to the maximum 
tracking errors that may be anticipated, but will 
inct Continue to increase throughout all of the 
much greater range of differences in blade posi 
tions which occur on account of cyclic control 
displacements. Within which greater range fur 
ther increase in the rate of retracking would 
Serve no useful purpose but would unnecessarily 
increase the adverse effects on cyclic control. 
The manner in which the foregoing, together 

5 with additional objects and advantages of the 
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invention, are attained will be made apparent in 
the course of the following description of the 
preferred embodiments thereof which is to be 
read with reference to the accompanying draw 
ings, in which: 

Figure 1 is a vertical section of a rotor em 
bodying the invention taken substantially on line 
f- of Figure 2. 
Figure 2 is a plan view of the same rotor, show 

ing schematically the novel valve mechanism for 
controlling the tracking mechanism. 

Rotor construction and drive 
The invention is illustrated in Figures 1 and 2 

as applied to a three-bladed rotor constructed 
for the most part, Substantially as disclosed in 
my co-pending United States Patent Applica 
tion, Serial Number 665,653, filed April 29, 1946, 
now Patent No. 2,539,562, dated January 30, 1951. 
As particularly shown in Figure 1 each blade 
O (the three such blades being identified in Fig 

ure 2 as f 0a, 0b, and | 0c respectively) com 
prises a skin or covering integrally mounted 
on ribs 2 which in turn are integrally attached 
to the tubular blade spar 3, which spar ter 
minates inwardly in a bearing retainer 4 con 
taining a ball thrust bearing 5 co-axial with 
the adjacent portion of the spar. This bearing 
serves to attach the blade to the connecting link 
6 in a manner permitting of the blade being : 

rotated about the spar axis relative to the link 
f6, to effect changes in the pitch setting of the 
blade. Connecting link f6 is in turn attached by 
means of flapping hinge 7 to lugs 8 integral 
With hub member 9. Hub member 
turn pivotally mounted by means of roller bear 
ings 20 and 2, for rotation about cylindrical 
member 22 and about the co-axial cylindrical 
member 23 which is attached to member 22 by 
means of a plurality of bolts 24, which bolts 
together with their co-operating nuts 30 Serve 
to attach both members 22 and 23 to the cylin 
drical member 3 which is integrally attached 
to ring 32 and fuselage frame members 33. 
Attached to the bottom of hub member 9 

by means of a plurality of bolts 34 is a ring 
35 having downwardly extending lugs 36 for 
receiving the roller bearing 20. The spherical 
roller thrust bearing 37 is interposed between 
ring 35 and cylindrical member 23, thus Serving 
to transmit to the framework of the craft the 
upward thrust of hub member 9, which is pri 
marily the force which sustains the craft in 
flight. Attached to the top of hub member 9 
by means of a plurality of bolts 38 (Fig. 2) 
is a plate 39. Interposed between this plate and 
a flange 40 (Fig. 1) of cylindrical frame mem 
ber 23 is ball thrust bearing 4, which Serves 
to sustain the rotor when it is not exerting an 
upward lift on the craft. 
The drive for the rotor comes from the en 

gine, not shown, through transmission shaft 42, 
which shaft is guided in the upper surface 44 
of the cylindrical frame member 22. Integral 
with the upper end of shaft 42 is gear 50 which 
meshes with idler 5, which idler is rotatably 
mounted on stud 52 which is integrally mounted 
in member 22. Idler 5 in turn meshes with 
teeth 53 cut into the inner face of hub men 
ber 9. Hub member 9 is thus rotated upon 
the fixed cylindrical member 22, 23 by the rota 
tion of shaft 42 by the engine. 

Collective and cyclic pitch setting 
As previously described, blade fo is attached 

to connecting link f6 in a manner permitting of 

f 9 is in : 
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4. 
the blade being rotated about the blade axis 
relative to link 6, to effect changes in the pitch 
setting of the blade. Blade O is rotatably posi 
tioned about this blade axis by the vertical posi 
tioning of the blade pitch controlling means 
which comprises link 6 connected by a ball and 
socket joint to arm 60 (Fig. 2) integral with the 
blade. The length of link 6 is rendered ad 
justable by constructing it of two sections screwed 
together and locked by nut 62 (Fig. 1). 
The vertical positioning of pitch control link 

6 is effected by a pitch control spider 65 com 
prising arms 64 integral with ring 65a, each link 
6 being connected by means of a ball and socket 
joint to a bell-crank 63 pivotally mounted on a 
corresponding one of these arms 64. Each pitch 
control bell-crank 63 is maintained in a fixed 
position relative to its respective arm 64 except 
to the extent that it may be displaced relative 
thereto by the automatic blade tracking mech 
anism, which is described hereinafter. Pitch 
control Spider 65 is rotated about pitch con 
trol ring 66 on ball bearings 67 in unison with 
the rotor, the force for rotation being supplied 
by pin 68 which is integrally mounted on hub 
member 9, and protrudes through a slot in arm 
69 integral with pitch control spider 65. 

Pitch control ring 66 is integrally attached to 
pitch control hub 70 by means of arms 7 Which 
arms include necked down round portions 72 
which pass through cylindrical member 3 in 
Slots 73. Pitch control hub TO is attached to co 
lective pitch control rod 74 by ball and socket 
joint 75. One cyclic pitch control assembly is 
illustrated in Figure 1, comprising cyclic pitch 
control arm 80 integrally attached to pitch con 
trol ring 66 and attached to cyclic pitch control 
rod 8 by ball and socket joint 82. There is also 
another cyclic pitch control assembly (not 
shown) which comprises another cyclic pitch 
control arm 80 and rod 8 like those just de 
scribed, but this assembly is attached to ring 66 
at a location displaced ninety degrees from that 
of the assembly illustrated. The collective pitch 
control rod 74 and the cyclic pitch control rods 
8 are connected by a linkage such that vertical 
movement of the collective pitch control rod 74 
Will be accompanied by the same amount of ver 
tical movement of both of the cyclic pitch con 
trol rods 8, but the cyclic pitch control rods 8 
are each capable of independent vertical move 
ment relative to collective pitch control rod 74. 
Such a type of linkage is shown on pages 122-130 
of the June 1945 issue of 'Aviation' magazine, 
and a different form of Such a linkage is shown 
in my co-pending United States Patent Applica 
tion, Serial 630,745, filed November 26, 1945, 
which issued as Patent No. 2,546,881. On March 
27, 1951. 
The operation of the pitch control assembly 

is as follows: The upward movement of collective 
pitch control rod 74 (automatically accompanied 
by similar upward movement of both rods 8f) 
raises ring 66 without altering its angle of tilt, 
thereby simultaneously increasing the pitch on 
all of the rotor blades O by means of the link 
ages previously described. The upward or down 
ward movement of one of the two cyclic pitch 
control rods 8 relative to collective pitch con 
trol rod 74 inclines ring 66 and hence pitch con 
trol Spider 65 relative to the rotor hub axis at an 
angle dependent upon the position of the cyclic 
pitch control rod 8 relative to rod 74. The in 
clination of pitch control spider 65 causes the 
rotor blades to increase and decrease their pitch 
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cyclically; i. e., the pitch is increased by that seg 
ment of the pitch control spider that is raised 
and conversely the pitch is decreased by that 
segment of the pitch control spider that is low 
ered on account of the inclination of the pitch 
control Spider. Thus spider 65 and the mechar 
nism Which controls it, as above described con 
stitutes the primary pitch adjusting means for 
the rotor, but its action is Subject to alteration by 
the secondary pitch adjusting means hereinafter 
described. 

IMechanism responsive to blade featre 
Because of the fact that rotor blades are ordi 

narily conStructed of relatively Slight Vertical di 
mension and sustain relatively great aerody 
namic loads of uneven and cyclically changing 
distribution along the length of the blade, Such 
blades are ordinarily subjected to considerable 
flexing in flight, particularly in a vertical direc 
tion. If a blade which is attached to the rotor 
hub by a flapping hinge is appreciably flexed, the 
effective flapping position of the blade, and there 
fore its tracking of the other blades, is depend 
ent upon the direction and ariCl2nt of the fieX 
ing of the blade as well as upon the Vertical an 
gular displacement of the root section of the 
blade about the fiapping hinge. In order to take 
both of these factors into account I provide 
mechanism which is quantitatively responsive to 
bade flexure as Well as to displacement of the 
blade about the flapping hinge. This mechanism 
includes a lever 9 (Fig. 1) Which is angularly 
positioned about flapping hinge in response to 
both vertical flexing of the blade and angular 
displacement of the blade on flapping hinge f. 
This angular positioning of lever 97 is effected 
by the following mechanism: 

Lugs 9 are integrally attached to tubular blade 
spar 3. Flexible cables or wires S are attached 
to these lugs by means Of pins S2 and are led 
along paths vertically displaced from the neutral 
axis of the blade through guides 93, each of which 
guides may consist of a pair of rollers Rounted 
on a lug integral with Spar 3. Near the root of 
the blade each cabie 3 is attached to a con 
necting link 95 by means of a connecting pin 35. 
Connecting links 9 are pivotally attached by 
means of pins 9 to lever S. Pins is are placed 
considerably further apart than are the pins 92 
at the Outer ends of cables 9, so that the angular 
displacement of lever 9, will b2 correspondingly 
less than that of lugs . The reason for this 
is so that lever 9A will be angularly displaced in 
proportion to the average effective angular dis 
placement of the blade relative to the hub due to 
blade flexing, as lineasured at the flapping hinge. 
This angular displacement is substantially that 
of a line connecting the flapping hinge to a point 
on the blade somewhere in the vicinity of the 
average effective center of lift of the blade, and 
is in any case Very considerably less in amount 
than the angle through Which the outer tipº por 
tion of the blade has been flexed. Therefore, if 
lugs 98 are located rather close to the blade tip, 
pins 96 should be about three times as far apart 
as pins 92 So that lever SE will be rocked through 
about one-third the angle through which lugs 
8º are defected, While if lugs Sº are located fur 
ther in On the blade the ratio of the distance 
between gins 8 to that, bet Ween pilns 32 should 
be correspondingly decreased, so that in any case, 
whether the Spacing is determined by theory or 
by test, the flexing of the blade in flight shall 
displace lever 9 through an angle equal to that 

O 

20 

25 

45 

5 5 

60 

70 

75 

6 
through which the unflexed blade would have to 
be rocked around flapping hinge 7 in order to 
produce Substantially the same amount of change 
of blade tracking effect on the craft. 
These Sane connections to lever 9, Will also 

cause that lever to rock about flapping hinge 7 
in uniSon. With the blade, for any given condition 
of blade flexure. Hence lever 9 is angularly 
positioned about hinge T in accordance with 
the average effective blade position taking into 
account both blade flexure and rocking of the 
blade upon the flapping hinge. 

Blade tracking mechanism. 

As previously indicated it is highly desirable to 
eliminate all differences in blade tracking under 
all conditions of operation and mechanism is 
therefore provided Which is Sensitive to any dif 
ferences that may exist between the angular 
position of the Warious levers 97 associated with 
the respective blades, and which is automatically 
Operable to decrease Such differences by adjust 
ment of the pitch of one or the other or of both 
Of the blades With reference to which the differ 
ence exists. In the preferred form of blade track 
ing mechanism herein described pitch is auto 
matically adjusted on both of the blades con 
Cerned. 
This blade tracking mechanism consists of two 

Inajor parts: the first part constitutes a tracking 
control means comprising a valve system together 
With the linkages which supply that system with 
indications of the differences in blade tracking, 
and the Second part constitutes an operating 
means Comprising a hydraulic System that alters 
blade pitch in accordance with the responses of 
the Valve System, in a manner adapted to elimi 
nate the differences in blade tracking. 
The Valve System and its linkages are as foll 

lows: In conjunction with each blade there is 
provided a slide to which moves in a guide 
and is connected to the corresponding lever 9 
(previously described) by a slide extension 2, 
connecting link i 03, and pins 04 and ? 65. Ver 
tical pin (6 is integrally attached to slide foe, 
and fitS in the fork of one arm of a bell-crank 
f) (see also Fig. 2) which is pivotally mounted 
on pin 8 which in turn is integrally mounted 
in hub member 9. The other arm of the bell 
Crank is pivotally attached by means of a pin 

to a link 09, which link is made adjustable 
in length by constructing it of two pieces clamped 
together by means of bolts f 2 extending through 
Slots f. Each link O9, in addition to being 
connected at one end to a bell-crank G7, as pre 
Viously described, is pivotally connected at the 
other end to one end of a lever 3 by means of 
a pin 4. At its opposite end lever 3 is pro 
Vided With a fork which spans the one of the 
previously mentioned vertical pins 6 which is 
positioned by the next adjacent blade. Near its 
mid-point lever ? 3 is pivotally attached to a 
Valve-positioning link 5 by means of a pin 6. 
Link 5 thus constitutes an element jointly posi 
tioned by two of the blades in accordance with 
the difference of the effective flapping angle of 
the two blades. Each link 5 is normally held 
in fixed relation to a corresponding slide valve 
member 7 by means which nevertheless permit 
of its being yieldably displaced relative thereto 
in either direction. This means comprises a 
Spring 8 which slips over tenons 9, which are 
identically shaped on both link if 5 and member 
fi, as parts of identical H-shaped Openings in 

the two members. Each member 5 lies directly 
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lowering the path of blade fea and raising that 
of blade Oc. Thus blade Oa will be lowered at 
tWice the rate. that blades 9b and c are raised. 
This process continues until all of the blades are 
tracking again, whereupon the centering of valves 
29 terminates the process. 
Thus if any blade stands at a flapping angle 

different from the mean of the flapping angles 
Of all blades it will be caused to change its flap 
ping angle in the direction of that mean at a rate 
Substantially proportional to the amount of its 
departure from Such mean value. 
In View of the fact that the above described 

mechanism is operated in such a manner as to 
eliminate differences in effective flapping posi 
tions of the blades it would, if it operated rapidly 
enough, seriously interfere with the cyclic dif 
ferences in flapping position, Which Constitute the 
accepted method of exercising control of the craft 
through an articulated rotor. To avoid this, 
either the openings 59 (Fig. 2) in all of the 
valves 20, or the fixed parts with which they 
Cooperate, or both, are made of very slight dimen 
Sion in the direction perpendicular to the plane 
of Figure 2 and they therefore serve to markedly 
throttle the rate of fluid flow, thereby serving as 
rate control means for the operating means. As 
shown in Figure 2 these openings 50 are of con 
siderable width in the plane of Figure 2. By thus 
providing openings 50 which are of considerable 
Width in the direction of travel of valves 2 
(which is in the plane of Figure 2) and of very 
slight effective dimension in the direction per 
pendicular to the plane of Figure 2, the marked 
throttling effect provided by valves - f2) is selec 
tively altered by displacement of a valve 20 so 
that the fioW through the valve opening is ap 
proximately proportional to the displacement of 
the valve from the position at which it completely 
cuts off the fiow. This fact, combined with the 
fact that the valve displacement is arranged to 
norrhally be proportional to the difference in 
effective flapping angle, regulates the flow to an 
amount Which is at least roughly proportional 
to Such difference, thus providing for correction 
Of the majority of each tracking error in approxi 
nately a constant period of time regardless of 
the amount of Such error. With such an arrange 
ment the functioning of this mechanism does not 
appreciably affect the amplitude of cyclic changes 
in blade position due to the fact that such 
changes normally involve equal amounts of move 
ment of each blade above and below its mean 
flapping position and therefore, in passing from 
its upper to its lower extreme position or vice 
versa, it will be subject to two substantially equal 
and Opposite increments of correction by the 
blade tracking mechanism, which increments will 
therefore Substantially balance each other. The 
action of the blade tracking mechanism will have 
a tendency to advance all cyclic changes in blade 
path by a Small and Substantially constant and 
predictable azimuth angle, which therefore can 
be allowed for in orienting the cyclic control 
mechanism. It is therefore, practicable to con 
Struct the valves with openings sufficiently large 
to correct, for instance, approximately one-half 
of any given tracking error within a single cycle 
of 1'otor rotation. 
By constructing valves 20. So as to provide a 

proportionately regulated throttling effect on the 
hydraulic flow the Opposing requirements for 
promptly eliminating tracking errors and yet not 
disturbing cyclic. blade differences are reconciled. 
Considerable latitude is possible in the degree of 
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10 
Such throttling that Will give Satisfactory results 
but there are rather sharply defined limits to 
Such latitude. For instance if the throttling 
limits the flow to a rate proportional to the dif 
ferences in effective blade positions, and if the 
vertical dimension of openings f5) is such that 
the flow during one cycle of normal rotor opera 
tion Will eliminate half the difference in blade 
positions, then it will require 4.3 cycles to elimi 
nate 95% of the error or about one and a fraction 
Seconds, which is fully as short a time as will be 
required for introducing any marked change in 
flight conditions. Therefore, the response is 
rapid enough to provide substantially instanta 
neous correction of tracking errors, 
The amount of correction that would be in 

troduced in one quarter cycle is indicative of the 
amount of effect on cyclic control, and this should 
be a Small fraction of the total error, not more 
than one-third in any case and preferably less. 
Any more rapid introduction of correction than 
this would commence to introduce secondary ir 
regularities of objectionable size, due principally 
to the fact that the previously mentioned ten 
dency of the blade tracking corrections to balance 
out in each half cycle of rotor operation is not 
perfectly attained if the amount of cyclic tilt of 
the rotor is not constant over the half cycle. For 
instance if the amount of cyclic tilt is 5% greater 
or less during the last half of such a half cycle 
period than it is during the first half of it, and 
if the correction effective in a quarter cycle is 
0.33 of the difference existing then the secondary 
irregularity introduced would be 

0.05x 0.33-? –0.0165 
of the amount of cyclic difference in fiapping 
position of two adjacent blades. This fact limits 
the rate at which correction should be introduced 
to not more than 0.80 of the tracking error in 
One cycle, for this rate corresponds to correction 
of 0.33 of the tracking error in a quarter cycle, 
Which as above indicated is Substantially the 
maximum that can be tolerated. At this rate 
95% of the tracking error would be eliminated in 
1.86 cycles, which is extremely prompt correction. 

he lower limit on rate of correction is im 
posed by the fact that retracking should take 
place Substantially as rapidly as flight conditions 
can change. On this basis not over 4 seconds 
should be allowed for 95% correction, which at 
200 R. P. M. represents 13.3 cycles, which corre 
Sponds to 0.20 of the tracking error corrected in 
One cycle. At this rate only 0.054 of the error is 
corrected in one-quarter cycle, which would re 
duce the secondary irregularities above men 
tioned to one-sixth of the limiting values described. 
Hence Satisfactory operation will be secured if 

the rate of correction is held substantially within 
the range of 20% to 80% of the error corrected 
in one cycle of normal rotor operation, but de 
parture much if any beyond this range com 
mences to introduce either too slow a response 
or too marked irregularities upon rapid change 
of cyclic tilt. 
As previously indicated the rate of correction 

may be established at any selected value by ap 
propriately choosing the vertical dimension of 
Valve openings 50. In order to secure the cor 
rection of a Substantially constant fraction of 
any tracking error during each cycle it would be 
necessary for the remainder of the hydraulic 
System to be of sufficiently large cross-section to 
produce negligible friction loss. However, the 
permissible latitude in retracking rates is so 
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great that very considerable friction losses can 
be tolerated, so long as they are not so great as 
to cause the resultant retracking rate to fall Sub 
stantially outside the limits hereinabove indi 
cated as acceptable for blade differences within 
the range of such differences that may be due to 
tracking errors. For differences in blade posi 
tions greater than those which may be due to 
tracking errors, and such greater differences will 
ordinarily occur cyclically in connection with 
rotor tilt, it will not only be permissible for the 
tracking correction per cycle to become leSS than 
0.20 of the difference, but highly desirable for it 
to do so for large cyclic differences If the valve 
area is so related to the characteristics of the 
remainder of the hydraulic System that the 
amount of valve opening corresponding to the 
maximum difference in blade position caused by 
tracking errors permits almost as much hy 
draulic flow as the amount of flow that would 
pass through the system with the valve entirely 
removed, then the maximum rate of retracking 
for any amount of blade difference will be only 
slightly greater than that required for proper 
correction of maximum tracking errors. How 
ever, to provide greater latitude in the design of 
the system, and particularly in order to permit 
of faster correction of maximum tracking errors 
combined with sharper limitation on the maxi 
mum rate of retracking I prefer to provide the 
limit stops 22, previously described, arranged 
to limit the movement of valve 20 in each direc 
tion, and hence prevent any further increase in 
the rate of retracking, after the valve has been 
displaced from neutral by at least the distance 
corresponding to the maximum blade difference 
due to tracking error. In order that tracking 
errors combined with large cyclic blade differ 
ences may produce selective positioning of the 
valves adapted to reduce the tracking errors 
throughout a considerable part of the cycle, and 
in view of the fact that such selective positioning 
ceases while the valve is held against its limit 
stop, I prefer to place the limit stops so that 
they do not become effective until the valve has 
been displaced considerably beyond the position 
corresponding to the maximum tracking error 
itself, and to have the friction losses in the Sys 
tem such that they gradually reduce the per 
centage of error corrected per cycle for valve 
displacements intermediate between those corre 
sponding to maximum tracking error and those 
at which the stops 22 are encountered. 
With the blade tracking mechanism COn 

structed in the particular manner which has 
been illustrated and above described, a difference 
in effective flapping angle of any two blades auto 
matically initiates a readjustment of pitch. On 
both of said blades in a manner tending to elimi 
nate the difference. It is not essential, however, 
that pitch be readjusted on both blades for the 
difference could be eliminated by applying the 
correction to either of the two blades. For in 
stance the valve 20c is positioned in accord 
ance with the difference between the flapping 
angles of blades Oa and Oc. Through two 
openings in the valve sleeve 2. c it is connected 
to tube 15 which connects it to the pitch adjust 
ing mechanism of blade Oa, which is the leading 
one of these two blades, while through two other 
openings in the valve sleeve 2 c it is connected 
to tube 52 which connects it to the pitch ad 
justing mechanism of blade Oc, which is the 
following one of these two blades. As previously 
described, if blade Oa is positioned at a higher 
flapping angle than blade Oc, hydraulic fluid 
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12 
pumped through tube 5 operates to decrease 
the pitch on blade Ca, and that pumped through 
tube 52 operates to increase the pitch. On blade 
0c, until the difference in flapping angle is 

eliminated. However, if tube 5 and its open 
ings through sleeve 2 c were removed the differ 
ence would still be eliminated, for the fluid 
pumped through tube 52 would still operate to 
increase the pitch on blade Oc until the differ 
ence disappears. Thus if the three tubes which 
lead for Ward from the three valves and corre 
spond to tube 5 were thus eliminated, or flow 
through them was permanently cut off, the blade 
tracking System would operate by bringing each 
blade to automatically track the blade ahead 
of it. If instead of eliminating the tubes corre 
sponding to tube í5 í the three corresponding to 
tube 52 were eliminated or plugged, the blade 
tracking System would operate by bringing each 
blade to automatically track the blade next be 
hind it. However, by including both sets of 
tubes appreciably prompter and more satisfac 
tory tracking can be Secured. For instance if as 
previously assumed for illustration blades Ob 
and CC are tracking but blade Oa is travelling 
higher, then with tubes 5 eliminated valve 20a 
acts to lower blade Oa to eliminate the differ 
ence between blades Oa and Ob, while valve 20c 
acts to raise blade Oc to eliminate the difference 
between blades 0d and Oc. Since there is ini 
tially no difference between blades Ob and 0c, 
valve 20tb does not initially alter the pitch of 
blade b, but as blade 9c is raised a difference 
between the positions of blades 9b and Oc de 
velops and serves to raise blade Ob at a rate pro 
portional to the amount it remains below blade 
f0c Which would be at a slower rate than if it 
were also controlled by the difference between 
blades foa and 0b, as it will be in case all the 
tubes illustrated in Figure 2 are functioning. 
What I claim is: 
1. In an aircraft having a Sustaining rotor in 

cluding a hub and a plurality of blades each at 
tached to said hub by means permitting of 
change in the angle Subtended between the blade 
axis and the rotor axis and means permitting of 
change in the pitch angle, and primary pitch ad 
justing means connected to each of Said blades; 
blade tracking means independent of said pri 
mary pitch adjusting means and comprising sec 
ondary pitch adjusting means, pitch controlling 
means for each of Said blades comprising a mem 
ber jointly positioned by said primary and said 
Secondary pitch adjusting means, a member con 
necting each of said pitch controlling means to 
its respective blade so as to angularly position 
the blade in pitch, rate control means independ 
ent of said primary pitch adjusting means for 
controlling the rate of operation of said second 
ary pitch adjusting means, and including an ad 
justable element and connections from said 
blades to said adjustable element to position said 
adjustable element in accordance with differ 
ences in the angles Subtended between the re 
spective blades and the rotor axis. 

2. The invention set forth in claim 1 in which 
the Secondary pitch adjusting means comprises 
a plurality of pitch adjusting units each con 
nected to a respective one of said blades to con 
trol the pitch angle thereof; Said rate control 
means comprises a plurality of rate control units 
each including an element selectively position 
able to control the rate of operation of one of 
Said pitch adjusting units; and said connections 
include a plurality of members each connected 
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to one of said elements and to a plurality of 
blades including the blade to which the respec 
tive pitch adjusting unit is related. 

3. The invention set forth in claim 1, in which 
said blades are flexible, in combination with a 
member in conjunction with each blade, each of 
said members being mounted on the hub for 
movement relative thereto in response to verti 
cal flexing of the blade, a part integrally attached 
to the blade in the outer half of the length there 
of, and a flexible link connected to said part and 
to said member and extending inward along the 
blade and guided relative thereto so as to impart 
movement to said member upon vertical flexing 
of said blade, and in which said positioning of 
said adjustable element of said rate control 
means by Said blades iš effected throtigh said 
members. 

4. The invention set forth in claim 1, in which 
said means perihitting of change in the angle Sub 
tend? di between the b?ade Xis and the roto? aXiS 
comprises a flapping hinge and a flexible root 
portion of said blade, in combination with a men 
ber in CÖljUnötion With each blade, each Of Said 
nenbeis being lounted on the hub for nove 
ment relative thereto in joint response to the 
flexing of the blade and the displacement of the 
blade upon its hinge relative to the hub, a part 
integrally attached to the blade in the outer half 
thereof and a flexible link connected to said part 
and to said member and extending in Ward along 
the blade and guided relative thereto So as to in 
part movement to Said neither upon Vertical flex 
ing and/or dispiacernent of Said blade relative 
to said hub, a connection firom said flexible link ; 
to said member along a line removed from the 
axis of Said flapping hinge, and in which said po 
sitioning of said adjustable element of Said rate 
control means by said blades is effected through 
Said inenberS. 

5. In an aircraft having a sustaining rotor in 
clüding a hlub and a plurality of blades each at 
tached to said hub by means permitting of 
chànge in the flapping angle and by means per 
mitting of change in the pitch angle of the blade; 
pitch adjusting means for each of said blades 
comprising a cyclic pitch control member, man 
ually positionable means mechanically control 
ling the position of Said member, a pitch adjust 
ing member, means for automatically positioning 
said member under joint control of two of said 
blades in accordance with the respective flapping 
angles of said two blades, a pitch setting men 
ber connected to said blade at a point remote 
from the blade axis So as to determine the an 
gular position of Said blade about said axis, and 
positioning means for Sald pitch setting member 
jointly positioned by said cyclic pitch control 
member and said pitch adjusting member and 
Consisting of mechanical linkage extending from 
Said cyclic pitch control member and said pitch 
adjusting member to Said pitch Setting member. 

6. The invention set forth in claim 5 wherein 
the means for automatically positioning the pitch 
adjusting member comprises rate control means 
selectively settable to correspondingly determine 
the rate of Such positioning, an element, connec 
tions for said element to each of two of said 
blades to position Said element in accordance 
with the difference between the effective flap 
ping angles of Said two blades, and means con 
necting said element to said rate control means 
to set said rate control means in accordance with 
the position of Said element. 

7. The invention Set forth in claim 6 in Con 
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bination with a surface connected to said rate 
control means and a cooperating surface fixed 
in the path of movement of said first mentioned 
Surface, so as to block said surface and thereby 
lirit te irange of positions to which Said rate 
control means may be set by said element. 

8. În an aircraft having a sustaining retor in 
cluding a hub and a plurality of flexible-blades at 
tached to said hub by means including a pitch 
changing hinge constituting a pivotal support 
having an axis longitudinal of the blade; blade 
tracking means including a pitch adjusting mem 
ber connected to one of said blades at a point 
renote from said pitch changing hinge so as to 
Selectively alter the pitch thereof in accordance 
with the displacement of said pitch adjusting 
member, means for autonatically displacing said 
pitch adjusting member tander joint control of 
two of said blades in accordance with the differ 
ence in the vertical flexural position of said two 
blades including two parts each associated with 
a respective Oile of Said tWO ladies and integrally 
attached to the blade in the outer half of the 
length thereof, two flexible links each associated 
with a respective one of said two blades and coin 
nected to the respective one of said two parts and 
extending inward along the blade and guided rel 
ative thereto along a path vertically, displaced 
from the Eneutral aXis of the blade, a lever con 
nected to each of said two links and jointly po 
Sitioned by ther, operating aeans for applying 
power fron said source to said pitch adjusting 
member to displace same, adjusting means for 
Selectively adjusting Said Operating raeans to-con 
trol the direction and rate at which said power 
is Supplied, and a connection from said lever to 
Said adjusting means to adjust said operating 
Ileans in joint response to the flexing of said two 
blades. 

9. In an aircraft having a sustaining rotor in 
cluidig a huib and a plurality of flexibele blades 
each attached to Said hub by means cornprising 
a flapping hinge and a pivotal mounting sub 
Stantially parallel to the axis of the blade; blade 
tracking aeans including a pitch adjusting men 
ber connected to one of said blades at a point re 
note fron Said pivotal neuriting so as to angu 
larly displace said blade on its respective pivotal 
inoliating in a CCC'dance with the displacement, 
of Said pitch adjusting member, neans for auto 
matically displacing said pitch adjusting men 
ber under joint control of two. of said blades in 
accordance with the difference in their effective 
Vertical positions as determined by their respec 
tive angular displacements agout, their respective 
flapping hinges plus their respective vertical flex 
ural displacement, including two parts each as 
Sociated with a respective. one of said two blades 
and integrally attached to the blade in the outer 
half of the length thereof, two-fiexible links each 
attached to a respective one of said parts and 
extending in Ward along the blade and guided re 
ative thereto along a path vertically displaced 
from the neutral axis of the blade, a lever, a con 
nection from each of said links to said lever, each 
of Said connections being vertically displaced from 
the respective flapping hinges, a source of power, 
Operating means for applying power from said 
Source to Said pitch. adjusting member to displace 
Same, adjusting means for selectively adjusting 
Said operating means to control the direction 
and rate at Which Said power is supplied, and a 
connection from said lever to said adjusting 
means to adjust Said operating means in joint 
TeSponse to the flexing of said two blades. 
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10. In an aircraft having a sustaining rotor 
including a hub and a plurality of blades each 
attached to said hub by means permitting of 
change in the flapping angle of the blade and 
means permitting of change in the pitch angle 
of the blade; blade tracking means comprising 
a hydraulic pump, a hydraulic cylinder having a 
piston, a hydraulic connection from the pump to 
the cylinder to operate the piston, a valve inter 
posed in said connection between said pump and 
said cylinder for controlling the operation of Said 
piston by said pump, linkage connecting said 
valve to two of said blades to position Said valve 
in accordance with the difference of the flapping 
angles of said two blades, a manually position 
able pitch controlling element, a pitch con 
trolling member connected to said element and 
said piston. So as to be jointly positioned by Said 
element and by said piston, and mechanical link 
age connecting said pitch controlling member to 
one of said two blades to establish the pitch angle 
thereof. 

11. The invention set forth in claim 10 in 
in which said valve is provided with ports which 
are of slight dimension in the direction perpen 
dicular to the travel of the valve and to the di 
rection of flow of the fluid through the valve as 
compared to their dimension in the direction of 
travel of the valve. 

12. In an aircraft having a sustaining rotor 
including a hub and a plurality of blades each 
attached to said hub by means permitting of 
change in the flapping angle of the blade and a 
pivotal mounting substantially parallel to the 
axis of the blade; blade tracking means includ 
ing a plurality of pitch adjusting members each 
connected to a respective one of Said blades SO 
as to angularly position said blade on its respec 
tive pivotal mounting, a plurality of controlling 
members mounted on the hub for individual dis 
placement relative thereto, linkage connecting 
each of Said blades to two adjacent Ones of Said 
controlling members and thereby connecting each 
controlling member to two adjacent blades to 
automatically displace said controlling member 
relative to said hub in accordance with the dif 
ference between the flapping angles of Said two 
blades, an operating connection to each pitch 
adjusting member from the two controlling mem 
bers which are connected to the blade to which 
said pitch adjusting member is connected for 
displacing said pitch adjusting member. 

13. In an aircraft having a frame and a sus 
taining rotor including a hub rotatable with re 
spect to said frame and a plurality of blades each 
attached to said hub by means permitting 
changes in the flapping angle and pitch thereof; 
pitch changing mechanisms comprising a pitch 
control spider tiltably supported with respect to 
its center, a plurality of bell-crank levers, a full 
crum on said spider for each of Said bell-crank 
levers, each fulcrum mounting its respective lever 
for rocking movement in a vertical plane and 
means connecting an arm of each of said levers 
with one of said blades for changing the pitch of 
said connected blade upon displacement of said 
fulcrum in a vertical plane or upon rocking of 
said Spider upon its fulcrum; Separate primary 
and secondary adjusting means connected with 
said pitch changing mechanism, Said primary ad 
justing means comprising a train of mechanism 
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carried by said frame and connected to said 
spider to tilt same; and said secondary adjust 
ing means comprising a plurality of hydraulic 
cylinders mounted on Said Spider, a piston in 
each of said cylinders connected with a second 
arm of a respective One of Said bell-crank levers; 
and a control System for said Secondary adjust 
ing means comprising a Source of fluid pressure, 
a connection between each of said cylinders and . 
said Source, Valve means including an adjustable 
element interposed in each of said connections, a 
lever fulcrumed On each of Said adjustable elle 
ments, means including a connection between 
one of said blades and a point on one of said 
levers spaced from the fulcrum thereof for ad 
justing Said element in one direction upon 
upward flapping movement of one of Said blades, 
and means including a connection between 
another of Said blades and a point on one of said 
levers oppositely spaced from the fulcrum there 
of for adjusting said element in the opposite di 
rection upon upward flapping movement of said 
other of Said blades. 

14. The invention set forth in claim 13 in 
Which Said valve means includes a throttling pas 
Sage partially opened in Selective amounts by the 
displacement of said adjustable element whereby 
the amount of fluid Supplied to said cylinders by 
Said Source of fluid pressure is proportioned to 
the difference between the flapping angles of the 
blades connected to said element. 

15. In an aircraft having a frame and a sus 
taining rotor including a hub rotatable with re 
Spect to said frame and a plurality of blades each 
attached to said hub by means permitting 
changes in the flapping angle and pitch thereof; 
pitch changing mechanisms comprising a pitch 
control Spider, a plurality of devices mounted on 
Said Spider and movable either by said spider or 
relatively thereto in a substantially vertical di 
rection, and means connecting each of said de 
vices with one of Said blades for changing the 
pitch of the connected blade upon either such 
movement of said device; separate primary and 
Secondary adjusting means connected with said 
pitch changing mechanisms, said primary ad 
justing means comprising manually operable 
means for moving said spider and the said de 
Vices mounted thereon in a substantially verti 
cal direction, and said secondary adjusting means 
comprising means carried by said hub and re 
Sponsive to said blades upon changes in the 
flapping angles thereof for moving said devices 
relatively to said spider in a substantially verti 
cal direction. 

HAROLD T. AVERY. 
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