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Patented Mar. 16, 1943 2,313,795 

UNITED STATES PATENT OFFICE 
WARIABLE PCEARSCREW 

Grettir Algarsson, Montreal, Quebec, Canada, as 
signor to Algarsson Engineering Company Lim 
ited, Montreal, Quebec, Canada 
Application August 12, 1938, Serial No. 224,449 

In Canada June 20, 1938 
(C. 10-163) 16 Claims, 

This invention relates to variable pitch air 
screws and seeks to provide means whereby the 
R. P. M. of the airscrew may be maintained at 
any selected value through variation of the pitch 
Setting of the airscrew blades. 
According to the invention a balance is estab 

lished between - the twisting moments in the 
blades, modified by centrifugal means, and torque 
transmitted through a gear train to or from a 
governor controlled mechanism. This governor 
controlled mechanism may consist of pneumatic 

O 

or hydraulic pumps or motors, or of their elec 
trical equivalent. 
The use of the invention enables the operator 

of an aircraft to use the full power of the engine 
under all conditions. At will the operator may 
reverse the thrust of the airscrew thus providing 
an effective air brake. The airscrew blades can 
be fully feathered in the event of engine stop 
page. Conventional blades may be used but the 
employment of a special viade form permits the 
feathering operation to be accomplished auto 
matically. 
The gear train through which torque is trans 

mitted consists of two stages, the first of which 
lies within the airscrew hub and includes a form 
of a planetary reducing gear. This first stage is 
static when the airscrew blades are not changing 
pitch. The second stage, mounted on the front 
of the engine, is a transmission from the air 
screw hub to the mechanism producing the 

5 

20 

throttle valves showing one valve closed and the 
other Open. w 

Figure 7 is a view similar to Figure 6 but 
showing the valves in the reverse position. 

Figure 8 is a sectional side elevation of a two 
bladed airscrew hub mounted on a splined shaft. 

Figure 9 is a sectional front elevation on the 
line 9-9 of Figure 8. 

Figure 10 is a side elevation of an airscre 
having a hub similar to that shown in Figures i 
and 2 but employing a single pump to reduce the 
pitch in opposition to overbalancing counter 
Weights. m 

Figure 11 is a side elevation of an airscrew 
having a hub similar to that shown in Figures 
1 and 2 but employing gear pumps in place of 
the reciprocating type. ' 

Figure 12 is a diagram showing the relation 
of the various forces acting on a blade. in the 
case of an airscrew employing a pump-motor 
and a compressor. The pump-motor is shown 
operating as a compressor. 

Figure 3 is a diagram similar to Figure 12 
but shows the pump-motor acting as a motor. 

30 

torque reaction, and is constantly driven by the 
rotation of the airscrew. 

In order that the invention may be more read 
ily understood reference is made to the drawings 
in which Figure 1 is a sectional side elevation 
of a two bladed airscrew employing a pump 
motor and a compressor with the valve mecha 
nism in the neutral position and indicating the 
engine in the outside elevation. 

Figure 2 is a sectional front elevation on the 
line 2-2 of the airscrew hub shown in Figure 1. 

Figure 3 is a partial sectionai view of the 
pump-motor showing the location of...the exhaust 
port, the arrows indicating the flow of the air 
during the exhaust stroke, the pistons and con 
necting rods being shown in dotted lines. 

Figure 4 is a view similar to Figure 3 but 
showing the location of the inlet port and the 
flow of air during the intake stroke. 

Figure 5 is a view similar to 3 and 4 but shows 
both exhaust and intake ports closed, the piston 
affected being shown dotted at both top and 
.bottom dead centre positions. 

Figure 6 is a partial sectional view. of the 

35 

Figure 14 is a diagram showing the relation of 
the various forces acting on a blade in the case 
of an airscrew employing a pump and an over 
balancing counterweight. - 

Figure 15 is a diagram similar to Figure 13 but 
showing the blade in a negative position and 
receiving reverse thrust. 

Figure 16 is a graph illustrating generally the 
aerodynamic and centrifugal moments gener 
ated in the blades and in the eccentric weights, . 

Figure 17 is a section at the line of Figure 8 
showing the eccentric weights Only in ful lines, 
the upper weight being in section, 
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The device shown and described in this appli 
cation is an improvement upon the device shown 
and described in my co-pending application for 
Patent Seria No. 174,514, filed November 15, 1937. 
Referring to the drawings, the engine shaft 

5 has a tapered end 6 on which is keyed the 
fanged sleeve . This sleeve it is retained on 
the tapered end of the shaft 5 by means of 
the keeper nut 8, which in turn is locked by 
the locking ring 9. . 
Mounted on the sleeve T is the rear half 20. 

of the hub casing which has a flange 2 bolted 
to the flange 22 of the sleeve T. The front half 
23 of the hub casing is bolted directly to the 
rear half 20. - ... a . . . . 

The airscrew blades 24 and 25 are anchored . . 
directly to each other through the ball bearings 
26. The centrifugal pull of the blade 24 is trans 



2 
mitted to the inner races of the bearings 26 
through the axial pin 27 and its head 28. This 
centrifugal pull is balanced by that of the oppo 
site blade 25 transmitted to the outer races of 
the bearings 26 through the sleeve 29 and its 
shoulder 30. 
The blades 24 and 25 are located in the hub 

casing by the bearings 3 which transmit all the 
bending loads from the blades to the hub casing 
and are adjusted by the adjustment rings 32 

5 

10 
which latter are secured in any desired setting 
by the locking keys 33. 
The adjustment rings: 32 provide a means of 

preloading the bearings 26 and 3 and at the 
same time permit accurate balancing of the 
whole airscrew by slackening one adjustment 
ring and tightening the other, thus displacing 
both blades and the ball bearings 26 in the same 
direction along their common axis. 
In the above arrangement the common axis of 

the blades is forward of the end of the engine 
shaft. Figures 8 and 9 illustrate a variation 
applicable when it is desired to penetrate the 
centre of the hub or when three or more blades 
are to be employed. - 
The blades 24 and 25 have mounted on their 

roots within the hub casing bevel gears 34 which 
mesh with the bevel gear 35 journalled on the 
front half 23 of the hub casing and the bevel 
gear 36 journalled on the locking ring 9. This 
bevel gear 36 is shown in Figures 8 and 9 as 
journalled on the hub casing. 
These bevel gears 35 and 36 ensure equal rota 

tion of the blades in opposite directions, thus 
rendering impossible unequal pitch setting of : 
the blades. 

3 
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Each of the bevel gears 34 carries a weight 37 
located eccentrically with regard to the axis of 
the blades within the hub casing. 
As the blades turn about their axes towards 

high pitch the Weights 3 turn with them ap 
proaching the plane of rotation of the airScrew. 
The distance between each weight 37 and the 
airscrew axis, therefore, increases as the pitch of 
the blades increases and decreases as the pitch 
of blades decreases. The centrifugal force gen 
erated in these weights by the rotation of the 
airscrew varies directly as the distance from the 
airscrew axis, R. P. M. being constant and tends 
always to turn the blades to a higher pitch set 
ting. 
Cut in the rear face of the bevel gear 36 is the 

internal gear 38 from which a gear train leads 
to a torque producing mechanism. This gear 
train comprises two stages. 

. The first stage is composed of the planetary 
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pitch diameter then the planetary gears 40, con 
sequently rotation of these gears with the shafts 
45 on which they are mounted results in the grad 
ual rotation of the internal gear 38 in relation 
to the internal gear 46 cut in the hub casing. 
Rotation of the internal gear 38 and the bevel 
gears is attended by proportional rotation of the 
planetary gear ring 4. This proportion or ratio 
depends on the pitch diameters of the planetary 
gears and the internal gears with which they 
mesh, thus providing a compact and robust gear 
train, giving the planetary gear ring 4 a me 
chanical advantage over the bevel gears and 
through them the blades. Rotation of the plane 
tary gear ring is transmitted to the drive ring 
44 through the Spurs 42 and 43. 
The various gears comprising the first stage of 

the gear train moves in relation to each other 
only when the airscrew blades - are changing 
pitch. At all other times, when the airscrew is 
rotating, they operate in a static Condition trans 
mitting from the drive ring 44 whatever torque is 
necessary to maintain the pitch setting. The 
second stage of the gear train, which is cons 
stantly running, consists of the reducing gears 
5 and 52, the idler gear 53 and the gear 54. 
The gear 5 f meshes with the gear 55 cut in the 
drive ring 44 and is connected with the gear 52 
by the shaft 56. The rotation of the gear 52 is 
transmitted to the gear 54 through the idler gear 
53. w 

The gear 54 is mounted on the crank shaft 57 
of a pneumatic pump-motor 58 which, in the 
form of the invention illustrated in Figure 1, is 
the mechanism producing torque reaction. 
The whole gear train including both stages is 

permanently connected and can at any moment 
transmit drive from either end between the air 
screw blades and the pump-motor. 

4. 

45 

The following description of the pump-motor 
58 will be more clearly understood if reference is 
made to Figures 3, 4 and 5. 
This pump-motor 58 is of the four cylinder 

Variety and uses its crank case 59 as a discharge 
manifold. An annular intake manifold 60 leads 
to an inlet port 6 in each of the cylinders 62. 

50 

gears 39 and 40, the planetary gear ring 4 f, the 
spur gears 42 and 43 and the drive ring 44. The 
drive ring 44 is journalled on the sleeve 1. The 
planetary gears mesh with the internal gear 38 
and are connected through the shafts 45 with 60 
the planetary gears 40 which mesh with the in 
ternal gear 46 cut in the rear half 20 of the hub 
casing. These shafts 45 are journalled in the 
planetary gear ring 4 in which is cut a gear 4 
which meshes with the spur gears 42, and is jour 
nailed on the flanged sleeve fl. 
The spur gears 42 are connected with the spur 

gears 43 by the shafts 48 which pass through 
the flange 22 of the sleeve 7, being journalled in 
the bosses 49 in the rear half 20 of the hub casing. 
The spur gears 43 mesh with the gear 50 on the 
drivering 44 thus completing the first stage of 
the gear train. 
The planetary gears 39 are of slightly larger 

O 

75 

Each piston 63 acts as a slide valve controlling 
the intake and discharge of an adjacent cylinder. 
Each cylinder 62 is provided with a duct 64 lead 
ing from the cylinder head to the port S5 in the 
Wall of an adjacent cylinder on One side, and On 
the other side has in its own wall a port 65 lead 
ing to the head of the other adjacent cylinder 
through its duct 64. A recess 66 in each piston 
63 connects the inlet port 6 with the port 65 
when the piston is below the half stroke posi 
tion. Figure 4 illustrates diagranamatically this 
position, the arrows indicating the fioW of air 
from the intake manifold and the direction of 
movement of the piston affected. Figure 3 illus 
trates a position in which the piston acting as a 
slide valve is above the half stroke point. The 
inlet port 6 is now covered by the piston skirt 
67 and the port 65 is open to the crank case 59, 
thus permitting air to pass from the cylinder 
affected to the crank case during the exhaust 
stroke. Figure 5 illustrates the half stroke posi 
tion of the piston acting as a slide valve and 
shows both ports 6 and 65 closed. As indicated 
in this figure, this position occurs at both top . 
and bottom dead centres of the piston affected. 
A compressor 68, driven by the engine 69, is 

identical in construction with the pump-motor 
58 but runs at approximately. double the speed. 
A discharge line 70 from the compressor 68 is 
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connected to the intake of the pump-motor 
58, having a branch connection 2 leading from 

, the discharge line T0 to a throttle valve . An 
exhaust line 74 leads from the crank case 5 of 
the pump-motor 58 to another throttle valve 75. 
The throttle valves 78 and 75 form a part of 

the valve stem of in the engine driven governor 
T6 and are so arranged that when the governor 
is at mid stroke both throttle valves are wide . 
open. As the governor responds to increased 
speed the valve stem of moves upward against 
the pressure of the spring 79 closing the throttle 
valve 75 and leaving the throttle valve 3 wide 
open. This position of the throttle valves is il 
lustrated. diagrammatically in Figure 6. As the 
governor responds to reduced engine speed the 
valve stem fel moves downward under pressure 
of the spring 79 opening the throttle valve 75 
and, reaching the full open position at the mid 
stroke of the governor. As the governor con 
tinues to respond to decreasing engine speed the 
throttle valve 3 closes, leaving the throttle valve 
7S open. This latter position of the valves is il 
lustrated diagrammatically in Figure 7. 
The throttle valves 3 and TS each have four 

outlet ports numbered 77 and 78 respectively. 
The diameter of each outlet port is half that of 
the single inlet line 72 or 74. This arrangement 
halves the length of stroke of the valves and 
confines the throttling to the outlet ports. 
The setting of the governor 7B is adjusted by 

varying the Setting of the spring 79. This vari 
ation is accomplished by manual remote control 
of the worm 80. 
A remiotely controlled lever 8 is provided by. 

means of which the pilot can simultaneously. 
close the Valve 75 and open the valve 78. When 
the pilot releases the lever 8? a spring 82 returns 
it to the position shown in Figure 1 in which it 
does not interfere with the operation of the gov 
eO. 

After passing through the throttle valves 73 
and 75 the air may be allowed to escape or may 
be returned through pipe connections, not shown, 
to the intake of the compressor 6. The exhaust 
line 74 from the pump-motor 58 is provided with 
a relief valve 84. . A branch line 85 leads from 
a compressed air reservoir to the exhaust line 
74. A valve 87 controls the flow of air from the 
reservoir 86 to the branchine Swihich is pro 
vided with a pressure gauge B within the view 
of the pilot. 

Operation of the propelling unit of Figure 1 
In the operation of this invention, the twist ing moments generated in the eccentric weights 

37 nearly balance the resultant of the aerody 
namic and centrifugal twisting moments pro 
duced by the blades themselves. Owing to the 
arrarigement of the blade mountings, the fric 
tion opposing change of pitch is reduced to a 
minimum, so that the load on the gear train un 
der normal running conditions is reduced to a . 
low value, being only that amount required to 
correct the balance of twisting noments, plus 
the minimized friction. u Pitchcontrol of the airscrew blades is effected 
through the gear train in the followingmanner: 
The governor is adjusted by the operator to 

any desired value of R. P. M. by means of the 
remotely controlled worm. If the R.E.M. rise 
above this desired value the governor T moves 
the valve stem D carrying the valves and 
Täupward closing the ports 7 and leaving the 
ports TT wide open. The discharge of the pump 75 

70 

3 
motor is thus restricted and pressure built up 
in the exhaust line T4 and the crank case 59. 
The pump motor 58 is now under load as a com 
pressor and a torque reaction or drag is applied 
through the constantly running second stage of 
the gear-train to the drive ring 44. The drag 
on the drive ring 44 is transmitted through the 
first stage of the gear train and the bevel gears 
to the airscrew blades, turning them to a higher 
pitch setting, increasing the load upon the engine 
and thus arresting increase in R. P. M. The gear 
ratio provided by the planetary gearing, located 
in the first stage of the gear train operates to 
convert a small drag upon the drive ring into 
a comparatively large twisting moment tending 
to change the pitch of the blades; it also serves 
to minimize sudden or uneven pitch changing 
movements. 

If the R. P. M. fall below the desired value the 
spring 9 moves the valve stem of downwards 
closing the ports T and leaving the ports wide 
open. The discharge of the pump motor 58 is 
now unrestricted and the discharge of the com 
pressor. 68 is applied to the intake of the pump 

25 mptor. 
The compressor 68 runs faster than the pump 

motor 58 and consequently the air discharged by 
it is forced under pressure through the intake of 
the pump motor thus causing the latter to act. 

30 as an air motor, overrun the gear train, turn 

O 

5 

20 

the blades to a lower pitch setting, relieve the 
load upon the engine and thus arrest decrease in 
R. P.M. . . 

In other Words by loading the pump-motor 58 
35 as a compressor, a torque reaction is transmitted 

to the blades dragging them into a higher pitch 
setting, lower pitch settings being achieved by 
loading the pump-motor 58 as an air motor, thus 
causing it to overrun the gear train and apply 

40 torque to the blades in the opposite sense. . . 
The arrangement of the pump-motor shown, 

in which the intake and exhaust ports open and 
close On dead Centres of the pistons affected, is 
advantageous as any leg or lead which might 

5 suit the operation of the pump-motor as an air 
motor would interfere with its operation as a 
compressor or vice-versa. 
The governor will continue to correct the en 

gine R. P. M. to the desired value through alter 
ation of pitch, and consequently of load upon 
the engine, regardless of the cause of variation. 
The graph in Figure 16 shows approximately 

the relative magnitude of the twisting moments 
acting upon a blade in a typical case. The loads. 
on the gear train appear in this graph as the 
vertical distances between two curves. The curve 
A shows the aerodynamic twisting moments oc 
curring at various pitch settings with power out 
put, R. P. M. and air density constant. The 
curve I indicates the magnitude of "inherent 
torque' due to the action of centrifugal force on 
the blade at various pitch settings, with R.P. M. 
constant. The curve A-I is the sum of the two 
curves already described, and the curve C shows 
the centrifugal twisting moments imparted by 
the eccentric weight 37. 
As the curve A-I represents twisting moments 

tending to reduce the pitch and the curve C rep 
resents twisting moments tending to increase 
pitch, the vertical distances between the two in 
dicates the twisting moments to be supplied by 
the torque producing mechanism in order to cor 
rect the balance. When changing pitch a small 
additional load would be placed upon the torque 

50 
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4. 
producing mechanism in order to overcome fric 
tion. 
Of the three types of twisting moments indi 

cated, I and C are the greatest and, being cen 
trifugal in nature, will vary as the square of 
the R. P. M. The values indicated by curve 
A are affected by other variants but are smaller. 

- The loads on the gear train, therefore, should 
not greatly exceed the proportions indicated. 
The diagram in Figure 12 shows the relation 

of the various forces acting on a blade, when the 
valve 75 is closed, the valve 73 open and the 
pump-motor 58 acting" as a compressor. 
line C indicates the direction of the centrifugal 
twisting moment exerted by the eccentri; weight 
37, I indicates the direction of the “inherent 
torque' due to the action of centrifugal force on 
the blade, C. P. indicates the position of the 
Centre of pressure, which in this case is shown 
on the trailing edge side of the axis of rotation 
of the blade thus applying a twisting moment in 
the direction of the line marked “thrust,' and A 
indicates the position of the axis of rotation of 
the blade. The arrows on the pump-motor 58 
indicate its direction of rotation and Findicates 
the direction of the torque reaction transmitted 
to the blades through the gear train. 

Figure 13 is similiar to Figure 12 but illustrates 
the condition when the valve 75 is open, the valve 
3 closed and the pump-motor 58 operating as a 
motor, F indicates the direction of the drive of 
the pump-motor. 58, acting as a motor, transmit 
ted to the blades through the gear train. 
In the form of the invention illustrated in Fig 

ure 10, in which a single pump is employed in 
conjunction with overbalancing counterweights, 
the discharge line 74 is connected to the valve 3, 
and the compressor 68 and valve 75 are elimi 
nated. The governor 76 operates the valve 3 in 
the manner already described but causes the 
pump-motor 58, acting as a compressor, to drag 
the airscrew blades towards low pitch against 
the action of the eccentric weights 37, which lat 
ter are in this case sufficiently powerful to turn 
the blades into the feathered position when the 
valve 3 is fully open. 
The diagram in Figure 14 refers to an example 

in which a single pump is used in coniunction 
With an Overbalancing counterweight as illus 
trated in Figure 10. The letters used to indicate 
the various forces correspond with those used in 
Figures 11 and 2. w 
The diagram in Figure 15 shows the relation of 

the forces acting upon a blade when an airscrew 
similar to that indicated in 
an air brake. 
A feature of the invention using the above 

described mechanism is that the pilot can at any 
time move the blades into their extreme low pitch 
Setting, and use the engine as a brake. This is 
accomplished by closing the throttle and then 
opening it again, the sequence of operations be 
ing as follows: . . . 
The pilot closes the throttle, thereby reducing 

the R. P. M. of the engine. The governor auto 
matically closes the valve 73 thus causing the 
pump-motor 58 to act as a motor thereby turn 
ing the blades to a lower pitch setting and per 
mitting the engine to regain the desired value of 
R. P. M., to which the governor is adjusted. As 
the pilot continues to close the throttle the same 
process will continue, the pitch being reduced 
until the load on the engine reaches a minimum 
when the blades have reached a pitch setting at 
which no thrust is developed. At this stage the 

The 

Figure 14 is used as 
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engine is so far throttled down that it can only 
maintain the desired value of R. P. M. with the 
load at a minimum. The pilot closes the throttle 
still further and the R. P. M. of the engine will 

5 fall below the desired value regardless of the 
pitch setting of the blades. The governor how-. 
ever will continue to close the valve 73 as long 
as the R. P. M. are below the desired value forc 
ing the blades into a lower pitch Setting and 
causing the thrust to reverse. This will increase 
the load on the engine slowing it down and caus 
ing the governor to close the valve 3 even fur 
ther. This sequence of reduced pitch attended 
by increased load and reduced R. P. M. is cumu 

5 lative and results in the blades being turned to 
their extreme low pitch setting. The blades are 
prevented from going to any lower pitch setting 
by Suitable stops on the inside of the hub casing 
but not shown. If the pilot now reopens the 

20 throttle, the engine will be under a heavy load, 
producing reverse thrust, and Will be unable to 
regain the desired value of R. P. M. to which the 
governor is adjusted. The governor will continue 
to keep the valve 3 closed and the blades will 

25 remain in their extreme low pitch setting regard 
less of manipulations of the throttle. In other 
Words the pilot can use the engine as a brake 
to any extent within its power without fear of 
forcing the blades into the forward thrust range 

30 or of racing the engine. 
When it is desired to restore the airscrew to 

its normal condition of forward thrust, the pilot 
closes the throttle, operates the lever 8; and then 
reopens the throttle. The mechanical operation 
is as follows: When the pilot closes the throttle, 
the R. P. M. of the engine fall off regardless of 
the pitch setting of the blades. When he oper 
attes the lever 8 he opens the valve 3 and closes 
the valve 75, causing the pump-motor 58, acting 
as a compressor, to turn the blades te tieir ex 
treme high pitch setting. This extreme high . 
pitch setting is the "feathered” or “infinite pitch' 
position. 
When the pilot reopens the throttle, the 

R. P. M. of the engine Will increase and when 
he releases the lever 8? the governor will again 
close the valve 73 causing the pitch of the blades 
to decrease until a pitch setting giving normal 
forward thrust is reached. 
A further feature of the invention is that in 

the event of engine stoppage from any cause the 
pilot can cause the blades to turn to the "feath 
ered' position, thus reducing drag and losses due 
to turbulence of the air flowing over adjacent 
portions of the wings. This can be accornplished, 
if the engine has not ceased to revolve, oy oper 
ating the lever 8 in the manner just described 
and keeping it in operation until after the engine 
has stopped. If the engine has already ceased 
to rotate, the blades can still be moved into the 
"feathered position by operating the ever 8 
and then opening the valve 80 and permitting 
compressed air to flow from the reservoir 86 to 
the exhaust line T4 and the crank case of the 
pump-motor 58, thus causing the latter to act as 
an air motor in a direction opposite to its normal. 
rotation and turn the blades into the "feathered” 
position. In this case the air exhausted from the 
pump-motor 58, operating as a motor in reverse, 
escapes through the valve 73 which is opened by 
the same operation of the lever 8 which closes. 
the valve 5. 
This invention has been described as applied 

to blades similar to those in common use, but 
5 lends itself very readily to the use of blades of 

O 
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special plan form in which the centres of pres 
sure along the blades are on the trailing edge side 
of the axis of rotation. When using blades of 
the last mentioned variety there is no necessity 
for the use of the reservoir 86, as the blades will 
automatically "feather' on the principle of the 
weather vane, and the lever 8 will be necessary 
Only when it is desired to resuine forward thrust 
after using the engine as a brake. This feather 
ing type of blade has a tendency to respond auto 
matically to variations in airspeed, altitude, etc. 
imposing less load on the pitch controlling mech 

In the form of the hub illustrated in Figures 8 
and 9 the engine shaft 5 has a splined end 89 
on which both halves. 20 and 23 of the hub cas 
ing are mounted by means of cones 90. The 
blades 24 and 25 are located in the hub casing 
in the same manner as illustrated in Figures 1 
and 2 but, in place of the common central bear 
ing 26, bearings 9 transfer the centrifugal pull 
of each blade to an anchoring barrel 92 which 
encloses the splined shaft but does not bear upon 
it or the hub casing. This structure can be fur 
ther modified to accommodate three Cr more 
blades. In both forms of blade mountings shown, 
the blades and their centrifugal bearings. and 
attachments are assembled separately and insert 
ed as a unit in place against the rear half of 
the hub casing. 

In the foregoing description, air pumps or a 
combination of air pumps and air motors have 
been described as the sources of the toique re 
action. It will be understood that these pumps 
and motors could be adapted to employ ary gase 

0 

5 

20 

25. 
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35 
ous mixture, or could be hydraulic employing oil 
or other fluids as an operating medium They 
could also be replaced by generators and motors. 
employing electricity, without altering the gen 
era arrangement or efficiency of control. In the 
latter case, rheostats or some other load varying 
device would be substituted for the Waves re 
ferred to 

operation of the form of Figure 11 
The principle of operation in this form of the 

invention is identical with that of the form illus 
trated in Figure 1, the differences are purely me 
chanical and consist in the substitution of gear 
pumps for the reciprocating variety, the addition 
of relief valves protecting the system from ex 
cessive pressures and the provision of return 
lines closing the system. - 
A gear pump 93 occupies the same position and 

performs the same function as the pump motor 
.58 illustrated in Figure 1, and a gear pump. 94 
similarly takes the place of the compressor 68. 
The pipe lines T0, T2 and T4 are arranged in the 
same way as illustrated in Figure 1 and fulfill 
identical functions. The relief valve 95 is, fitted 
between the lines 70 and 74 protecting the former 
against excessive pressure by providing a by 
pass. In the same way a relief valve 96 protects 
the line T4. A return line 97 connects the dis 
charge of the relief valve 96 with the intake 98 
of the pump 94. Further return lines 99 and 
OO connect the discharges of the valves 3 and 

TS with the return line 9T thus closing the pump 
system. \ 
The purpose of Figure 11 is to illustrate the 

use of an alternative type of pump and to show 
the application of relief valves and return lines 
which were omitted from Figure 1 for the sake 
of clarity, being protective devices only and not 
essential to the operation of the invention. 

5 
From the foregoing, it will be apparent that 

this invention provides a variable pitch air 
screw which may be set to run at any value of 
R. P.M. selected by the pilot, in which the blades 
may be feathered in the event of engine stoppage, 
which may be made to develop reverse thrust at 
the will of the pilot and employed 2ither as a 
brake or as an aid to maneuvering on the ground, 
or, in marine aircraft, the water: which is posi 
tive in action, using as it does direct mechanical 
connection between the rotating airscrew and the 
statically, mounted control means and confining 
to the latter the selected media of operation 
whether pneumatic, hydraulic or electric. 
What I claim is: 
1. In a variable pitch airscrew of the kind 

which the blades of the airscrew are connected 
together to effect equality of pitch setting, a 
counterweight nearly balancing the aerodynamic 
and other forces acting On each blade, a gear 
train capable of transmitting rotation from either 
end and connected at one end with the airscrew 
blades, a statically mounted torque producing 
mechanism connected with the other end of said 
gear train for pitch changing movement of the 
blades, said gear train containing a reducing gear 
carried by the hub and giving the torque produc 
ing mechanism a mechanical advantage over the 
airscrew blades, and means to control said mech anism to vary the torque produced both in magni 
tude and direction to effect increase or decrease 
of pitch setting of the airscrew blades. 

2. In a variable pitch airscrew of the kind in 
which the blades of the airscrew are connected 
together to effect equality of pitch setting, a 
counterweight nearly balancing the aerodynamic 
and other forces acting on each blade, a gear 
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train capable of transmitting rotation from either 
end and connected at One end with the airscrew 
blades, a statically mounted torque producing 
mechanism connected with the other end of said 
gear train for pitch changing movement of the 
blades, said gear train containing a reducing gear 
carried by the hub and giving the torque pro 
‘ducing mechanism a mechanical advantage over 
the airscrew blades, means to control said mech 
anism to vary the torque produced both in magni 
tude and direction to effect increase or decrease 
of pitch setting of the airscrew blades, and a 
governor controlling said means in agreement 
with variations in rotational speed of the airscrew 
from a selectable datum. ', 1 

3. In a variable pitch airscrew of the kind in 
which the blades of the airscrew are connected together to effect equality of pitch setting, a 
counterweight nearly balancing the aerodynamic 
and other forces acting on each blade, a gear 
train capable of transmitting rotation from either 
end and connected at one end with the airscrew 
blades, a statically mounted air pump, which may 
be operated as a motor, connected with the other 
end of said gear train for pitch changing move 
ment of the blades, a compressor adapted to de 
liver air to the intake of said air pump, means 
to control the intake or discharge of said pump 
to vary the magnitude or reverse the direction 
of the torque applied by said pump to the gear 
train to effect increase or decrease of pitch Set 
ting of the airscrew blades, and a governor con 
trolling said means in agreement with variations 
in rotational speed of the airscrew from a select 
able datum. 

4. In a variable pitch airscrew of the kind in 
which the blades of the airscrew are connected 

75 together to effect equality of pitch setting, a 



6 
counterweight nearly balancing the aerodynamic 
and other forces acting on each blade, a gear 
train capable of transmitting rotation from either 
end and connected at one end with the airscrew 
blades, a hydraulic statically mounted pump, 
which may be operated as a motor, connected 
with the other end of said gear train for pitch 
changing movement of the blades, a second hy 
draulic statically mounted pump having its dis 
charge connected to the intake of the first-hy 
draulic pump, means to control the intake or dis 
charge of said first pump to vary the magnitude 
or reverse the direction of the torque applied by 
said pump to the gear train to effect increase or 
decrease of pitch setting of the air screw blades, 
and a governor controlling said means in agree 
ment with variations in rotational speed of the 
airscrew from a selectable datum. 

. 5. In a variable pitch airscrew of the kind in 
which the blades of the airscrew are connected 
together to effect equality of pitch setting, a 
counterweight nearly balancing the aerodynamic 
and other forces acting on each blade, a gear 
train capable of transmitting rotation from either 
end and connected at one end with the airscrew 
blades, said gear train comprising two stages, the 
first of which is carried by the airscrew and gives 
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a planetary gear system located concentrically in 
relation to the airscrew axis and giving the sec 
Ond stage a mechanical advantage over the 
blades, a drive ring rotatable about the airscrew 
axis connecting the two stages of the gear train, 
a statically mounted air pump, which may be 
operated as a motor, connected with the other 
end of Said gear train for pitch changing move 
ment of the blades, a compressor adapted to de 
liver air to the intake of said air pump, means 
to control the intake or discharge of said pump 
to vary the magnitude or reverse the direction 

' of the torque applied by said pump to the gear 
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the second stage a mechanical advantage over the 
blades, a statically mounted air pump, which may 
be operated as a motor, connected with the other 
end of said gear train for pitch changing move 
ment of the blades, a compressor adapted to de 
liver air to the intake of said air pump, means 

30 

to control the intake or discharge of said pump : 
to vary the magnitude or reverse the direction of 
the torque applied by said pump to the gear train 
to effect increase or decrease of pitch setting of 
the airscrew blades, and a governor controlling 
said, means in agreement with variations in ro 
tational speed of the airscrew from a selectable 
datum. 

6. In a variable pitch airscrew of the kind in 
which the blades of the airscrew are connected 
together to effect equality of pitch setting, a 
counterweight nearly balancing the aerodynamic 
and other forces acting an each blade, a gear 
train capable of transmitting rotation from either 
end and connected at One end with the air 
screw . blades, said gear train comprising two 
stages, the first of which is carried by the air 
screw and gives the second stage a mechanical 
advantage over the blades, a drive ring rotatable 
about the airscrew axis connecting the two stages 
of the gear train, a statically mounted air pump, 
which may be operated as a motor, connected 
with the other end of said gear train for pitch 
changing movement of the blades, a compressor 
adapted to deliver air to the intake of said air 
pump, means to control the intake or discharge 
of said pump to vary the magnitude or reverse 
the direction of the torque applied by said pump 
to the gear train to effect increase or decrease 
of pitch setting of the air screw blades and a 
governor controlling said means in agreement 
with variations in rotational speed of the air 
screw from a selectable datum. . 

7. In a variable pitch airscrew of the kind in 
which the blades of the airscrew are connected 
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train to effect increase or decrease of pitch set 
ting of the airscrew blades, and a governor con 
trolling said means in agreement with variations 
in rotational speed of the airscrew from a select 
able datum. . . - 

8. In a variable pitch airscrew of the kind in 
which the blades of the airscrew are connected 
together to effect equality of pitch setting, a 
counterweight nearly balancing the aerodynamic 
and other forces acting on each blade, a gear 
train capable of transmitting rotation from either 
end and connected at One end With the airscrew 
blades, said gear train comprising two stages, 
the first stage, carried by the airscrew, contain 
ing a planetary gear System located concentrical 
ly in relation to the airscrew axis and giving the 
Second stage a mechanical advantage over the 
blades, a drivering rotatable about the airscrew 
axis connecting the two stages of the gear train, 
a statically mounted air pump, which may be op 
erated as a motor, connected with the other end 
of said gear train for pitch changing movement 
of the blades, a compressor adapted to deliver 
air to the inake of said air pump, means to con 
trol the intake or discharge of said pump to vary 
the magnitude or reverse the direction of the 
torque applied by said pump to the gear train 
to effect increase or decrease of pitch setting of 
the airscrew blades, a manual control to the 
intake or discharge of said pump to cause said 
pump to apply a torque through the gear train 
to the airscrew blades turning them to their 
extreme high pitch or feathered position, and 
a governor controlling said means in agreement 
with variations in rotational speed of the airscrew 
from a selectable datum. 

9. In a variable pitch airscrew of the kind in 
which the blades of the airscrew are connected 
together to effect equality of pitch setting, a 
Counterweight nearly balancing the aerodynamic 
and other forces acting on each blade, a gear 
train capable of transmitting rotation from either 
end and connected at one end with the airscrew 
blades, said gear train comprising two stages, 
the first stage, carried by the airscrew, contain 
ing a planetary gear system located concentri 
cally in relation to the airscrew axis and giving 
the second stage a mechanical advantage over the 
blades, a drive ring rotatable about the airscrew 

together to effect equality of pitch setting, a 
counterweight nearly balancing the aerodynamic 
and other forces acting on each blade, a gear 
train capable of transmitting rotation from either 
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end and connected at One end with the airscrew , 
blades, said gear train comprising two stages, the 

axis connecting the two stages of the gear train, 
a statically mounted air pump, which may be 
Operated as a motor, connected with the other end 
of said gear train for pitch changing movement 
of the blades, a compressor adapted to deliver air 
to the intake of said air pump, a relief valve on 
the discharge side of said air pump, means to 
control the intake or discharge of said pump to 
vary the magnitude or reverse the direction of 
the torque applied by said pump to the gear train 
to effect increase or decrease of pitch setting of 
the airscrew blades, a manual control to the 

first stage, carried by the airscrew, containing 75 intake or discharge of said pump to cause said 
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pump to apply a torque through the gear train 
to the airscrew blades turning them to their ex 
treme high pitch or feathered position, and a 
governor controlling said means in agreement 
with variations in rotational speed of the air- . 
screw from a selectable datum. 

10. In a variable pitch airscrew of the kind 
in which the blades of the airscrew are connected 
together to effect equality of pitch setting, a 
counterweight nearly balancing the aerodynamic 
and other forces acting on each blade, a gear 
train capable of transmitting rotation from el 
ther end and connected at one end with the air 
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screw blades, said gear train comprising two 
stages, the first stage, carried by the airscrew, 
containing a planetary gear system located con 
centrically in relation to the airscrew axis and 
giving the second stage a mechanical advantage 
over the blades, a drive ring rotatable about the 
airscrew axis connecting the two stages of the 
gear train, a statically mounted air pump, which 
may be operated as a motor, connected with the 
other end of said gear train for pitch changing 
movement of the blades, a compressor adapted 
to deliver air to the intake of said air pump, a 
relief valve on the discharge side of said air pump, 
means to control the intake or discharge of said 
pump to vary the magnitude or reverse the direc 
tion of the torque applied by said pump to the 
gear train to effect increase or decrease of pitch 
setting of the airscrew blades, a charged reservoir 
connected to the discharge of the air pump 
adapted to be used therewith to turn the blades 
to their extreme high pitch or feathered posi 
tion, a manual control to the intake or discharge 
of saidpump to cause said pump to apply a torque 
through the gear train to the airscrew blades 
turning them to their extreme high pitchor 
feathered position, and a governor controlling 
said means in agreement with variations in rota 
tional speed of the airscrew from a selectable 
datum. 

11. In a variable pitch airscrew having two 
blades rotatably mounted on a hub casing and 
connected together to effect equality of pitch 
setting, a common central bearing taking the 
centrifugal pull of both blades, a counterweight 
nearly balancing the aerodynamic and other 
forces acting on each blade, a gear train capable 
of transmitting rotation from either end and 
connected at one end with the airscrew blades, 
said gear train comprising two stages, the first 
stage, carried by the airscrew, containing a plan 
etary gear system located concentrically in rela 
tion to the airscrew axis and giving the second 
stage a mechanical advantage over the blades, 
a drive ring rotatable about the airscrew axis 
connecting the two stages of the gear train, a 
statically mounted air pump, which may be op 
erated as a motor, connected with the other end 
of said gear train for pitch changing movement 
of the blades, a compressor adapted to deliver air 
to the intake of said air pump, means to control 
the intake or discharge of said pump to vary the 
magnitude or reverse the direction of the torque 
applied by said pump to the gear train to effect 
increase or decrease of pitch setting of the air 
screw blades, a manual control to the intake or 
discharge of said pump to cause said pump to 
apply a torque through the gear train to the 
airscrew blades turning them to their extreme 
high pitch or feathered position, and a governor 
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12. In a variable pitch airscrew having two 

blades rotatably mounted on a hub Casing and 
connected together to effect equality of pitch 
setting, a sleeve extending from one blade form 
ing a housing, a rod extending from the other 
blade forming a shaft mounting, a common cen 
tral bearing carried by said housing and shaft 
mounting and taking the centrifugal pull of both 
blades, a gear train capable of transmitting rota 
tion from either end and connected at One end 
with the airscrew blades, a statically mounted 
torque producing mechanism connected with the 
other end of said gear train for pitch changing 
movement of the blades, said mechanism Com 
prising a plurality of fluid pressure means Con 
nected together and adapted to be operated either 
as a pump or as a fluid motor and means to 
control said mechanism to vary the torque pro 
duced both in magnitude and direction to effect 

20 increase or decrease of pitch setting of the air 
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screw blades. 
13. In a variable pitch airscrew having two 

or more blades rotatably mounted on a hub cas 
ing and connected together to effect equality of 
pitch setting, a central anchoring barrel taking 
the centrifugal pull of all the blades, a bearing 
taking the centrifugal pull of each blade carried 
by the anchoring barrel, a counterweight nearly 
balancing the aerodynamic and other forces act 
ing on each blade, a gear train capable of trans 
mitting rotation from either end and connected 
at One end with the airscrew blades, said gear 
train comprising two stages, the first stage, car 
ried by the airscrew, containing a planetary gear 
system located concentrically in relation to the 
airscrew axis and giving the second stage a me 
chanical advantage over the blades, a drive ring 
rotatable about the airscrew axis connecting the 
two stages of the gear train, a statically mounted 
air pump, which may be operated as a motor, con 
nected with the other end of said gear train for 
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pitch changing movement of the blades, a com 
pressor adapted to deliver air to the intake of 
sadd air pump, means to control the intake or 
discharge of said pump to vary the magnitude 
or reverse the direction of the torque applied by 
said pump to the gear train to effect increase or 
decrease of pitch setting of the airscrew blades, 
a manual control to the intake or discharge of 
said pump to cause said pump to apply a torque 
through the gear train to the airscrew blades 
turning them to their extreme high pitch or 
feathered position, and a governor controlling 
said means in agreement with variations in rota 
tional speed of the airscrew from a selectable 
datum. 

14. In a variable. pitch airscrew having two or 
more blades rotatably mounted on a hub casing 
and connected together to effect equality of pitch 
setting, a central anchoring barrel taking the cen 
trifugal pull of all the blades, a bearing taking 
the centrifugal pull of each blade carried by the 
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controlling said means in agreement with varia 
tions in rotational speed of the airscrew from a 
selectable datum. 75 

anchoring barrel, a gear train capable of trans 
mitting rotation from either end and connected 
at one end with the airscrew blades, a statically 
mounted torque producing mechanism connected 
with the other end of said gear train for pitch 
changing movement of the blades, said mecha 
nism comprising a plurality of fluid pressure 
means connected together by a system of con 
duits, each of the fluid-pressure means being 
adapted to be operated, with outlet to the other 
of said means, as a pump or as a fluid motor and 
nueans to control said mechanism to vary the 
torque produced both in magnitude and direc 



tion to effect increase or decrease of pitch set 
ting of the airscrew blades. 

15. In a variable pitch airscrew having two or 
more blades rotatably mounted on a hub casing 
and connected together to effect equality of pitch 
setting, a central anchoring barrel taking the 
centrifugal pull of all the blades, a bearing taking 
the centrifugal pull of each blade carried by the 
anchoring barrel, adjustable bearings mounted 
on the blades locating said anchoring barrel, a 
counterweight approximately balancing the aero 
dynamic and other forces acting on each blade, 
a gear train capable of transmitting rotation from 
either end and connected at One end with the 
airscrew blades, said gear train comprising two 
stages, the first stage, carried by the airscrew, 
containing a planetary gear system located con 
centrically in relation to the airscrew axis and 
giving the second stage a mechanical advantage 
over the blades, a drive ring rotatable about the 
airscrew axis connecting the two stages of the 
gear train, a statically mounted air pump, which 
may be operated as a motor, Connected with the 
other end of said gear train for pitch changing 
movement of the blades, a compressor adapted to 
deliver air to the intake of said air pump, means 
to control the intake or discharge of said pump 
to vary the magnitude or reverse the direction of 
the torque applied by said pump to the gear train 
to effect increase or decrease of pitch setting of 
the airscrew blades, a manual control to the in 
take or discharge of said pump to cause said pump 
to apply a torque through the gear train to the 
airscrew blades turning them to their extremf 
high pitch or feathered position, and a governor 
controlling said means in agreement with varia 
tions in rotational Speed of the airscrew from a 
Selectable datum. 

16. In a variable pitch airscrew having two or 
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more blades rotatably mounted on a hub casing 
and connected together to effect equality of pitch 
Setting, a central anchoring barrel having a cen 
tral bore concentric with the axis of the airscrew 
and adapted to take the centrifugal pull of all 
the blades, a bearing taking the centrifugal pull 
of each blade carried by the anchoring barrel, ad 
justable bearings mounted or the blades locat 
ing said anchoring barrel, a counterweight ap 
proximately balancing the aerodynamic and other 
forces acting un each blade, a gear train capable 
of transmitting rotation from either end and con 
nected at one end with the airscrew blades, said 
gear train comprising two stages, the first stage 
Carried by the airscrew, containing a planetary 
gear system located concentrically in relation to 
the airscrew axis and giving the second stage a 
mechanical advantage over the blades, a drive 
ring rotatable about the airscrew axis connect 
ing the two stages of the gear train, a statically 
mounted air pump, which may be operated as a 
motor, connected With the other end of said gear 
train for pitch changing movement of the blades, 
a compressor adapted to deliver air to the intake 
of said air pump, means to control the intake 
Or discharge of Said pump to vary the magnitude 
or reverse the direction of the torque applied by 
said pump to the gear train to effect increase or 
decrease of pitch Setting of the airscrew blades, 
a manual control to the intake or discharge of 
said pump to cause said pump to apply a torque 
through the gear train to the airscrew blades 
turning them to their extreme high pitch or 

35. 
feathered position, and a governor controlling 
said means in agreement with variations in rota 
tional speed of the airscrew from a selectable 
datum. 
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